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 Over the past 10-12 years thousands of cities and counties across the United States have 

developed local Climate Action Plans to mitigate some degree of greenhouse gas emissions 

generated within their jurisdictions; hundreds of these cities are located in the state of California. 

The process of developing a Climate Action Plan usually involves the completion of a greenhouse 

gas emissions inventory in order to establish a baseline estimate of greenhouse gas emissions 

generated by those activities the local government plans to begin tracking and managing. Climate 

Action Plans generally have 10, 20 or 30-year horizons and a series of interim targets tiered off of 

an ultimate reduction target. Tracking progress of implementation over time requires regular 

accounting of emissions generated by activities within the plan’s scope. Completing city- or 

county-wide greenhouse gas emissions inventories can be a time- and resource-consumptive
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process, one that the planning departments often tasked with managing implementation aren’t 

necessarily equipped to conduct on an annual or biennial basis. 

 This project aims to develop a high-level community-wide greenhouse gas emissions 

inventorying protocol that can be utilized by these agencies and their staff on a regular basis to 

track progress on and guide resource allocation in Climate Action Plan implementation. The 

protocol focuses on the largest emissions generating activities within a jurisdiction, tracking data 

related to these activities at a high-level of aggregation. The protocol was developed to produce 

results that are relevant, accurate, complete, measurable, consistent and transparent. As a case 

study, the project quantifies an estimate of 11 years’ worth of community-wide greenhouse gas 

emissions for the City of Chico, CA. The City of Chico was an early signatory to the U.S. 

Conference of Mayors’ Climate Protection Agreement in 2006 and adopted a community-wide 

Climate Action Plan in 2012.
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CHAPTER I 

INTRODUCTION 

 

Purpose 

 This project aims to develop a community-wide greenhouse gas (GHG) emissions 

inventorying protocol that can be utilized by local government agencies on an annual basis in order 

to provide frequent and timely metrics to guide Climate Action Plan (CAP) implementation.  

 As a case study, the project quantifies 11 years’ worth of community-wide GHG 

emissions for the City of Chico, CA: from the City’s CAP base year of 2005 to the interim target 

year of 2015. 

Scope 

 Local government agencies that have developed and adopted a Climate Action Plan 

require accurate data on progress towards goals to guide implementation. Often, upon adoption of 

a CAP, a local government agency has completed only one GHG emissions inventory to establish 

a baseline; this analysis may consist of a single or multiple years. The results of this baseline 

inventory are used to establish “Business as Usual” (BAU) emissions projection scenarios and to 

set targets for emissions mitigation. Completing a GHG emissions inventory can be a substantial 

undertaking; it is a highly detailed and technical exercise that requires significant investment of 

time, resources and expertise (Boswell et al., 2012). For a local government agency implementing 

a region-wide CAP the standard protocol guidelines are the U.S. Community Protocol for 

Accounting & Reporting GHG Emissions (Community Protocol), developed by the International 

Council for Local Environmental Initiatives (ICLEI). 

 The GHG emissions inventorying process involves the establishment of inventory 

scope - both temporal and spatial, the identification of primary form data sources and the 
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collection and organization of a wide range of data, the conversion of the primary form data into 

estimates of GHG emissions using emission factors (EFs), and the aggregation and analysis of 

results. This is a process that can be cost- and time-prohibitive to conduct on an annual or biennial 

basis for a local government agency. The scoping decisions in particular can make a significant 

difference in the amount of time and resources required to complete the inventory. 

 The Community Protocol identifies five Basic Emissions Generating Activities 

(BEGAs): electricity consumption by the community; residential and commercial stationary 

combustion equipment fuel consumption; on-road motor vehicle travel; use of energy in water 

transportation and treatment; and solid waste generated by the community (ICLEI, 2013). The 

Community Protocol also identifies additional reporting frameworks for a more detailed and/or 

broad inventory. These include isolating emissions from government operations, isolating 

emissions from individual industry sectors, considering up-stream emissions associated with 

manufacturing and transportation of goods, considering life-cycle emissions from business 

operations and including additional in-boundary sources. Additional in-boundary sources a 

community can choose to account for within the scope of their inventory include: chemicals and 

refrigerant used in industrial processes; other transportation sources including passenger and 

freight rail, marine vessels, air travel and off-road vehicles; process emissions from wastewater 

treatment; and agricultural emissions generated by livestock production and manure / fertilizer 

decomposition. 

 The protocol designed for this project focuses on the five Basic Emissions Generating 

Activities outlined by the Community Protocol and it identifies primary form input data sources 

that collect and report relevant data only at the highest levels of aggregation for a community. The 

protocol was developed in a manner that satisfies the six GHG Accounting & Reporting Principles 
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outlined in the Community Protocol: Relevance and Utility for Users; Accuracy; Completeness; 

Measurability; Consistency and Comparability; and Transparency (ICLEI, 2013). 

 The inventory results for the City of Chico that are included here were developed as an 

output of the protocol calculator in the form of a series of tables and charts. These figures 

summarize primary form input data, emission factors, GHG emissions estimates by sector and an 

estimated total Metric Tons of CO2-equivalent (MTCO2e) emissions on an annual basis from 

2005-2015. Annual emissions numbers are contextualized in terms of population growth and sales 

tax revenue data as an indicator of local economic activity. 

 

Significance 

 The protocol can be a valuable tool for local government agencies implementing 

Climate Action Plans to track community-wide emissions levels on an annual basis. It is designed 

to meet the scope requirements of the Community Protocol, at a high level of aggregation, in a 

manner that is consistent with the GHG Accounting & Reporting Principles. It is organized into a 

Microsoft Excel spreadsheet that is formatted to include necessary formulas and coefficients and 

that identifies primary form input data sources. Implementing the protocol on an annual basis will 

allow a local government agency to produce a high-level estimate of community-wide GHG 

emissions with a relatively low degree of time and resources required. 

 In the case of Chico, the results will inform the near-term actions of the Sustainability 

Task Force, which is charged with advising the City Council on CAP implementation. The results 

will also inform the longer-term efforts of the Planning Department in implementing the 2030 

General Plan and will serve as an important high-level sustainability indicator for the community. 
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The inventory, and subsequent annual results, will be included in the Planning Department’s 

annual Sustainability Indicators Report to City Council. 

 The inventory results included in the study quantify annual community-wide GHG 

emissions estimates from the City of Chico CAP’s base year of 2005 (from which the reduction 

targets are based) to the interim target year of 2015. The only other GHG emissions inventory data 

the City of Chico has had to inform CAP implementation has been an initial study of calendar year 

2005, completed in 2008 (Stemen and Salazar, 2008) and a preliminary results summary of this 

study, completed in 2015 (Alexander, 2015). The results included here represent the most current 

estimates of community-wide GHG emissions calculated for the first time through the interim 

target year of 2015. 

 A preliminary study for the City of Chico was undertaken, by the author, in the 

Summer of 2015. This effort established early boundaries for the protocol and involved the 

collection and analysis of relevant data for the years 2005-2012. A report summarizing the study 

parameters and findings was delivered to the Planning Department and Sustainability Task Force. 

Results from this study were included in the Planning Department’s 2015 Sustainability Indicators 

Report to City Council, a report that summarizes a series of quantitative and qualitative indicators 

associated with the Sustainability Element of the City’s General Plan (Wolfe et al., 2015). This 

case study, including the preliminary study, was funded by the City of Chico Planning Department. 

  

Limitations 

 ICLEI’s Community Protocol identifies and discusses the strengths and weaknesses of 

two different approaches to estimating GHG emissions from on-road motor-vehicle travel. The 

preferred method outlined in ICLEI’s protocol is to use estimates of Vehicle Miles Travelled 
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(VMT) as the primary form input for emissions from this sector. The quality and accuracy of this 

data, however, can vary greatly depending on how it is estimated. Some communities have 

developed complicated transportation management models that estimate VMT; those that have not, 

including Chico, can use estimates provided by the State Department of Transportation (DOT). 

 The Community Protocol also discusses a methodology utilizing fuel sales data, which 

it suggests can be useful in communities with a relatively low proportion of trans-boundary travel 

(ICLEI, 2013). Chico is a rural town with no other municipalities directly bordering it; relative to 

many communities in California and elsewhere the community and its activities are isolated from 

overlap with those of nearby or neighboring urban areas. For this reason, along with the potential 

inaccuracies of State DOT estimates of VMT, the decision was made to utilize transportation fuel 

sales data as the primary form input for the transportation sector in this protocol. 

 A potential limitation to the completeness of local transportation fuel sales data was 

suggested by the data source, the State of California Board of Equalization (BOE). The BOE 

indicated that, because of the way in which fuel sales are tracked - through associated fuel tax 

revenue - it was likely that sales at fueling stations owned out-of-area were not being accounted for 

in the revenue and consumption data for the Chico Urban Area (CUA). It was decided to run an 

alternate transportation analysis utilizing VMT as the primary form input, to cross-check inventory 

results and trends. 

 There is a second limitation to the study in the energy sector, having to do with the 

completeness of the energy consumption data provided by Pacific Gas & Electric (PG&E) - the 

primary energy utility in the Chico Urban Area. This data represents all electricity and natural gas 

sold by PG&E to their customers, but does not include Direct Access (DA) energy purchases by 

some commercial customers. Direct Access is a service that allows customers to purchase 
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electricity from a competitive provider, not a regulated utility, that is delivered through the utility’s 

grid infrastructure. 

 A final limitation has to do with accounting of the volume of waste generated in the 

Chico Urban Area and sent to the local landfill. This data is captured by weights of waste hauling 

trucks coming from Chico to dump at the landfill; it does not include the weights of loads hauled 

in personal vehicles. 

 

List of Abbreviations 

GHG  Greenhouse Gas 

CAP  Climate Action Plan 

BAU  Business as Usual 

ICLEI  International Council for Local Environmental Initiatives 

EFs  Emission Factors 

BEGA  Basic Emissions Generating Activity 

MTCO2e  Metric Tons of Carbon Dioxide-Equivalent Emissions 

VMT  Vehicle Miles Travelled 

DOT  Department of Transportation 

BOE  Board of Equalization 

CUA  Chico Urban Area 

PG&E  Pacific Gas and Electric 

DA  Direct Access 

IPCC  Intergovernmental Panel on Climate Change 

WMO  World Meteorological Organization 
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UNEP  United Nations Environment Program 

FAR  First Assessment Report 

USCMCPA United States Conference of Mayors’ Climate Protection Agreement 

UNFCCC  United Nations Framework Convention on Climate Change 

EPA  Environmental Protection Agency 

CBA  Cost-Benefit Analysis 

NPV  Net Present Value 

AB-32  Assembly Bill-32 (California, 2006) 

NCA  National Climate Assessment (2014) 

kWh  Kilowatt Hour 

USBTS  United States Bureau of Transportation Statistics 
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CHAPTER II 

LITERATURE REVIEW 

 

 The Intergovernmental Panel on Climate Change (IPCC) is an international 

organization tasked with assessing the scientific basis of climate change, associated impacts and 

risks, and providing policy-makers around the world with the scientific basis for options for GHG 

emissions-mitigation and climate adaptation. The IPCC was established in 1988 by the World 

Meteorological Organization (WMO) and the United Nations Environment Program (UNEP) and 

released its first report, the “IPCC First Assessment Report” (FAR) in 1990 (IPCC, 2013). 

 As of their most recent report, the “IPCC Fifth Assessment Report” (2014), the IPCC 

states, among the key findings in their “Synthesis Report - Summary for Policymakers,” that both 

warming of our climate system and the link to human activity are clear. Recent anthropogenic 

GHG emissions are higher than at any point in history and changes in our climate system are 

unprecedented over hundreds to thousands of years (IPCC, 2014). 

 The charts below (Figure 1) summarize trends in anthropogenic carbon dioxide 

emission levels from 1850 to present, as well as globally averaged GHG concentrations, combined 

land and ocean surface temperatures and sea level change over the same period. 
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Figure 1: Summary of Anthropogenic CO2 Emissions and Correlated Environmental 

Impacts, 1850 to Present, From the IPCC Fifth Assessment Report (IPCC, 2014). 
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 The United State Conference of Mayors’ Climate Protection Agreement (USCMCPA) 

was launched by Seattle Mayor Greg Nichols on the same day in 2005 that the Kyoto Protocol was 

ratified by 141 countries around the world. The USCMCPA is a voluntary commitment for cities 

to reduce their greenhouse gas emissions to targets that are roughly in line with the 2005 Kyoto 

Protocol target for the United States, which was a 7% reduction from 1990 levels by 2012 (USCM, 

2017). The Kyoto Protocol was the first international agreement committing signatory nations to 

binding GHG emissions reductions targets. Linked to the United Nations Convention on Climate 

Change (UNFCCC), the Kyoto Protocol was adopted in Kyoto Japan on December 11th, 1997 and 

entered into force on February 16th, 2005 (UNFCCC, 2014). An amendment, including new 

emissions reduction commitments from signatory parties, was adopted in 2012 in Doha, Qatar. 

Most recently, in 2016, the Paris Agreement was adopted to build on the framework of the 

UNFCCC. The Paris Agreement not only refines the goals outlined in the Kyoto Protocol, it 

includes a new focus on adaptation to the impacts of climate change and establishes financial 

mechanisms to assist developing nations, many of which are disproportionately impacted 

(UNFCCC, 2016). The USCMCPA was established to advance progress towards the goals of the 

Kyoto Protocol through local leadership and innovation across the United States, utilizing the 

framework of the U.S. Conference of Mayors as a support structure. By May of 2007 the 

USCMCPA had 500 signatories; as of November 2017, it has 1,060. 

 The scale to which city government leaders across the country committed their 

communities to local climate action was a reflection of two important drivers. The first of these 

was a recognition that at the national level in the United States there was a lack of meaningful 

commitment to action. In 2003 the Environmental Protection Agency (EPA) had decided that 

because carbon dioxide was not an air pollutant under the Clean Air Act it lacked the authority to 
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regulate emissions; the EPA also concluded that even if it had the authority to regulate emissions, 

it had the discretion not to in weighing impacts to industry (Wood, 2014). This decision was 

appealed to the Supreme Court by the State of Massachusetts and finally, in Spring of 2007, the 

Court ruled against the EPA’s decision. By this time the USCMCPA had over 500 signatory cities. 

 The second of these was a recognition of the important role local government agencies 

have to play in effective and urgent climate action, regardless of the degree of commitment on the 

part of the federal government. Government, at any level, has a responsibility to protect shared 

public resources - the “commons” (Heinberg and Kaufmann, 2010). Local government in the 

United States, primarily municipal and county-level agencies, control the majority of 

transportation planning, construction and land use decisions. The majority of GHG emissions 

being emitted in communities are generated in the transportation sector and by built environment 

energy consumption. Reducing transportation impacts in particular, by reducing vehicle miles 

travelled, is primarily a function of planning decisions and availability of legitimate alternatives to 

single-occupant-vehicle trips - both of which are controlled at the local government level (Boswell 

et al., 2012). 

 One of the biggest challenges to incentivizing local climate action has to do with a lack 

of full accounting in cost-benefit analysis of environmental externalities, and a disconnect between 

where the costs are borne and the benefits realized. Externalities, in economic analysis, are costs or 

benefits that are not carried or realized by the parties involved in a market transaction and 

therefore not taken into account (Harris, 2006). Externalities may exist because there isn’t a market 

mechanism to capture them or because they are difficult to account for. Many types of industrial 

pollution are external costs, to the environment and society, that firms don’t take into account 

unless they are mandated to, through taxes, fines or other measures. In the case of GHG emissions, 
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quantifying the cost of a unit of emissions, or the value of its mitigation, is especially difficult. No 

U.S. state, nor the federal government, has established a carbon tax. 

 Despite this challenge, well-designed climate action efforts can also have positive 

economic impacts - benefits more conventionally accounted for and locally realized than 

reductions in GHG emissions levels. Indeed, in the energy sector, there have been and continue to 

be great opportunities to reduce emissions and save money in the near- and long-term through 

efficiency, conservation and renewable generation. In fact, a significant number of efficiency 

measures and many renewable generation alternatives are currently cost-competitive with a 

“Business as Usual” scenario without accounting for any dollar value in mitigated emissions 

(Lovins and RMI, 2011). 

 The City of Chico’s 2020 Climate Action Plan, adopted by City Council in 2012, 

includes a cost-benefit analysis (CBA) of 67 energy and transportation sector actions. The analysis 

considered community-wide costs and benefits to each potential emissions-mitigating action over 

its lifetime, discounting future costs and benefits to account for the opportunity cost of investment, 

risk and inflation, to determine a net-present-value (NPV). This net present value was divided by 

the emissions-mitigating potential of each action to determine a net cost per unit of emissions 

mitigated. All but 11 of the 67 actions had a net positive value per unit, meaning they would, over 

their lifetimes, both save money and reduce emissions (Alexander and Herman, 2012). The City of 

Chico 2020 CAP also includes a CBA of included actions to be implemented specifically by the 

municipal government and found a NPV of over $4,000,000 for these actions. 

 The State of California became the first state in the nation to pass binding climate 

legislation, Assembly Bill 32 (AB-32) - the California Global Warming Solutions Act, in 2006. 

The overarching target outlined in AB-32 is a reduction of state-wide GHG emissions to 1990 



 

 
13 

 

levels by 2020 (CARB, 2014). When AB-32 was signed into law, in 2006, California was the 

eighth largest economy in the world, directly behind Italy and ahead of Spain; as of 2016 it was the 

sixth largest economy in the world, directly behind the United Kingdom and ahead of France 

(CLAO, 2006/2016). Given its relative size, influence and focus on innovation, California can play 

a key role on the frontiers of climate action - it already has been doing so for some time. From the 

capacity of installed renewable energy generation, including wind and solar, to the significant 

number of cities incorporating climate action and sustainability strategies into their General 

Planning processes, to the cutting-edge alternative transportation and resource conservation 

technologies being developed by the private sector, California is setting trends in this space on a 

global scale. The state has compelling reasons to act, including significant vulnerabilities to the 

impacts of climate change. By some estimates, climate change impacts in California threaten 

trillions of dollars of public and private investment in the state over the coming decades (Kahrl and 

Roland-Holst, 2012). 

 These threats come primarily in the form of increases in wildfire activity, sea-level rise 

and more frequent and severe storms. The 2014 National Climate Assessment (NCA) identified 

five key impacts to the Southwest region, of which California is a part: reduced snowpack and 

stream flows; threats to agriculture, in particular high-value specialty crops; increased wildfire; sea 

level rise and attendant coastal damage; and threats to health, especially resulting from increases in 

average regional temperatures (USGCRP, 2014). The Central Valley faces challenges unique 

within the state. The Central Valley is growing at a rate roughly fifty percent faster than the rest of 

California and this growth will require innovative approaches to energy conservation and reducing 

VMT in order to protect the quality of life experienced today, especially for at-risk and low-to-

moderate-income families (Moffat and Lovins, 2010). 
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 In Fall of 2006 the City of Chico, CA became an early signatory to the U.S. Conference 

of Mayor’s Climate Protection Agreement. A number of steps were taken to begin work on 

complying with the commitment. These included: establishing a Sustainability Task Force to 

coordinate efforts and advise the City Council in 2007; completing an initial one-year community-

wide GHG emissions inventory of the year 2005 in 2008; establishing a “Business as Usual” 

emissions scenario based off the base year GHG estimates; establishing interim and ultimate 

reduction goals for a Climate Action Plan that were roughly in-line with State of California 

mandated reduction goals outlined in AB-32 (Figure 2); and developing a 2020 CAP outlining 

strategies to mitigate community-wide GHG emissions from the transportation, energy and waste 

sectors. The CAP also identifies potential climate change impacts to Chico’s region and outlines a 

strategy for the City to refine that assessment over time and begin developing adaptation strategies. 

The CAP was developed between 2009-2011 and adopted by City Council in November of 2012. 

 

Figure 2: City of Chico 2020 Climate Action Plan Timeline and Targets 

(Alexander and Herman, 2012). 
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CHAPTER III 

METHODOLOGY 

 

 The first step in the project was to develop a protocol scope that met the needs outlined 

in the introduction and to customize its parameters to the City of Chico, CA specifically. The 

protocol was organized to be consistent with the City of Chico’s Climate Action Plan in terms of 

scope sectors so its results are consistent with the organization of the CAP. Emissions sources 

identified by the protocol include the energy sector - commercial and residential electricity and 

natural gas consumption; the transportation sector - community transportation fuels sales 

consumption; and the waste sector - tonnage of waste sent to landfill. 

 The protocol’s spatial scope was established as the incorporated City of Chico - the 

urban area within city limits. The City’s CAP addresses emissions generated throughout the 

Greater Chico Urban Area, a geographic area that includes some outlying development and 

pockets of county land adjacent to or surrounded by city limits. The spatial boundary of the 

incorporated City for this study was established to focus on activities within the City’s jurisdiction 

and to enable greater consistency with input data, which is tracked and reported based on those 

boundaries in most cases. The temporal boundary for the protocol was set on an annual basis 

because most of the required data is tracked and reported on a calendar year basis, and the CAP’s 

targets are aligned with calendar years. 

 The protocol identifies four sources for the input data required to complete an annual 

GHG emissions inventory update; the alternate transportation analysis included two additional 

sources. These sources are representatives or publications of the government agencies and utilities 

that provide the commodities and services being utilized and are mandated to accurately track and 
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publicly report data related to their usage. The emission factors employed by the calculator to 

convert these primary form inputs {kilowatt-hours (kWh) of electricity, therms of natural gas, 

gallons of transportation fuels / vehicle miles travelled and tons of waste sent to landfill} into an 

estimate of GHG emissions, in the form of Metric Tons of CO2-equivalent emissions, were 

established by the U.S. Environmental Protection Agency, the International Council for Local 

Environmental Initiatives and Pacific Gas & Electric. PG&E is mandated by AB-32 to publicly 

report annual grid mix and an associated emission factor for electricity provided by the utility. 

 Once the scope was established for the protocol, the next step was to develop an excel-

based calculator that could be used to convert primary form input data into estimates of GHG in 

the form of MTCO2e. The calculator consists of a main spreadsheet that includes tables for 

inputting primary form data, updating emission factors, and displaying summary results. It also 

includes additional spreadsheets identifying data sources and including a series of tables and charts 

that organize and contextualize the summary results for inclusion in the Sustainability Indicators 

Report and other publications. 

 Implementing the protocol to produce an inventory of community-wide GHG emissions 

for the years 2005-2015 involved a number of steps. The first of these was to reach out to the 

primary form data sources and collect required input data to conduct an initial analysis. As 

mentioned above, these sources had been identified as part of the preliminary study in 2015, and 

contact information for their positions was included in the calculator. The Excel workbook that the 

protocol calculator is organized within (Figure 3) has been designed so that a city staff member, 

without necessarily having previous involvement in GHG inventorying processes, can use it to 

complete an annual inventory without needing to conduct additional research. 

 



 

 
17 

 

 

 

Figure 3: Microsoft Excel-Based Greenhouse Gas Emissions Inventorying Protocol 

Calculator, Customized for the City of Chico for the Years 2005-2020. 
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 For the transportation data, the source was the State of California Board of Equalization 

Department of Tax and Fee Administration in Sacramento. The BOE provided fuel sales data for 

the City of Chico in the form of annual totals of gasoline and diesel fuel sold in gallons. For the 

energy data, the source was Pacific Gas & Electric’s Local Customer Relations Manager for the 

North Valley / Sacramento Division. PG&E provided energy consumption data for the City of 

Chico in the form of annual totals of kilowatt hours consumed by the residential and commercial 

sectors and of therms of natural gas consumed by the residential and commercial sectors. For the 

waste data, the source was the City of Chico Administrative Manager for General Services. The 

City of Chico provided waste-to-landfill data in the form of annual tons of waste tipped at the Neal 

Road Landfill that was collected within City of Chico limits. 

 Other primary form data collected included annual population estimates and local sales 

tax revenue data, used to contextualize emissions inventory results. Both of these data sets were 

provided by the City of Chico Planning Department in the form of annual totals. 

 Once all of the primary form input data had been collected the next step in the project 

was to input the data into the calculator (Figure 4). Besides the primary form input data, emissions 

factor for the various emissions sources had to be collected or calculated and inputted as well. 

Emission factors for transportation fuels were sourced from the Environmental Protection 

Agency’s “Emission Factors for Greenhouse Gas Inventories” (EPA, 2014). Emissions Factors for 

natural gas and electricity were sourced from PG&E’s “Incorporated City of Chico Energy 

Overview,” an energy consumption summary spreadsheet provided by the utility to local 

government planning agencies on an annual basis. Emission factors for waste-to-landfill were 

calculated utilizing a protocol outlined in ICLEI’s “Community Protocol V1-1, Appendix E - Solid 

Waste Emissions Activities & Sources” (ICLEI, 2013). 
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Figure 4: Protocol Calculator with Primary Form Data and Emission Factors Inputted. 

 

 Once all of the primary form data had been inputted into the calculator, along with 

updated emission factors, the summary charts and tables were updated and the inventory results 

summarized. The methodology for the alternate transportation analysis was the same as the initial 

analysis for all sectors except transportation. The protocol calculator was revised to accommodate 

the alternate input and emission factor data. The primary form data input became vehicle miles 

travelled and new emission factors were calculated for each year. While emission factors for 

combusting a given amount of gasoline or diesel fuel are consistent year-to-year, the emission 

factors for vehicle miles travelled depend on a variable that changes year-to-year - the average 

vehicle fuel efficiency of automobiles on the road. Emission factors for VMT were calculated 

utilizing a protocol outlined in ICLEI’s “Community Protocol V1-1, Appendix D - Transportation 

and Other Mobile Emissions Activities and Sources” (ICLEI, 2013). Estimates of average vehicle 

fuel efficiency were sourced from the U.S. Bureau of Transportation Statistic’s (USBTS) National 

Transportation Statistics “Average Vehicle Fuel Efficiency of U.S. Light Duty Vehicles” (USBTS, 

2017). Vehicle miles travelled data was sourced from the California Department of 
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Transportation’s “CA Public Road Data Highway Performance Monitoring Annual Report” 

(CDOT, 2017). 

 The final step in completing the alternate transportation analysis was to input the VMT 

data and the associated emission factors into the revised calculator (Figure 5) and rerun the 

analysis. The summary charts and tables for the entire community-wide inventory were updated 

and a second inventory results summary document developed. 

 

Figure 5: Protocol Calculator with Alternate Transportation Analysis Primary Form 

Data and Emission Factors Inputted. 
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CHAPTER IV 

RESULTS 

 

 The two sets of results, from the initial analysis and the alternate transportation 

analysis, show a significant degree of variance in the magnitude of emissions estimates specifically 

for the transportation sector and for the community-wide results as a whole (Figures 6-7). The 

initial analysis results in estimate of emissions for 2015 of 309,619 MTCO2e from the 

transportation sector and 507,515 MTCO2e community-wide. The alternate transportation analysis 

results in an estimate of emissions for 2015 of 81,029 MTCO2e from the transportation sector and 

278,926 MTCO2e community wide. The trends demonstrated by both analyses, specifically for the 

transportation sector and for the community-wide results as a whole, are consistent. The discussion 

of inventory results that follows will focus on trends and percentage changes year-over-year. 

  
 

Figure 6: City of Chico 2005-2015 Greenhouse Gas Emissions Inventory Results 

Summary Chart. 

 

 
 

Figure 7: City of Chico 2005-2015 Alternate Transportation Analysis Greenhouse 

Gas Emissions Inventory Results Summary Chart. 
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 The results of the initial analysis show an overall downward trend in community-wide 

GHG emissions from the CAP’s base year of 2005 to the interim CAP target year of 2015. The 

initial analysis shows an overall reduction of 23.6% over this time period, while the alternate 

transportation analysis shows an overall reduction of 16.3%. Both analyses show reductions from 

2005-2015 from every sector within the scope with the exception of residential natural gas 

consumption. The relative contribution of the transportation sector, and consequently all other 

sectors, varies significantly across the two methodologies. In the initial analysis emissions from the 

transportation sector represent roughly two thirds of total community-wide emissions; in the 

alternate transportation analysis, they represent roughly one third. 

 The two bar charts below (Figures 8-9) display both the aggregate trends of 

community-wide emissions levels and the relative contribution of each sector over time. Data 

graphics displaying both the form and substance of a set of data provide important depth to the 

information under consideration (Tufte, 2001). The second layer of information here - which 

sectors are producing what percentage of overall emissions levels - is an important factor for local 

government agencies to consider in selecting and prioritizing emissions-mitigating activities in 

CAP implementation. Along with a cost-benefit analysis that prioritizes cost-effective actions 

which are locally applicable and feasible, this information is an important determining factor in 

resource allocation. There is a significant variance between the results of the two methodologies in 

terms of which sectors are the biggest contributors to emissions levels, as discussed above. This 

variance underscores the importance of accurate input data and methodological consistency in 

GHG emissions inventorying.  
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Figure 8: City of Chico 2005-2015 Community-Wide Greenhouse Gas 

Emissions Annual Totals by Sub-Sector 2005-2015. 

 

 

Figure 9: City of Chico 2005-2015 Alternate Transportation Analysis Community-Wide 

Greenhouse Gas Emissions Annual Totals by Sub-Sector. 
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 Comparing the inventory results with population data and local sales tax revenue data 

allows for consideration of the results in the context of the growth of both the local population and 

the local economy (Figures 10-11). The emissions reduction targets outlined in the CAP are based 

on gross emissions levels in absolute terms, but considering the inventory results alongside these 

other indicators allows for a more informed analysis of progress. Between the years 2005-2015 the 

population of the City of Chico grew by 16% while local economic activity, as measured by sales 

tax revenue data, grew by 22%. Total community-wide GHG emissions, as estimated by the initial 

analysis, decreased by 33% on a per-capita basis and 36% on a per-dollar-sales-tax-revenue basis. 

As estimated by the alternate transportation analysis, they decreased by 28% on a per-capita basis 

and 31% on a per-dollar-sales-tax-revenue basis.

 

Figure 10: City of Chico 2005-2015 Greenhouse Gas Emissions Inventory Results 

on a Per-Capita and Per-Dollar of Sales Tax Revenue Basis. 
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Figure 11: City of Chico 2005-2015 Alternate Transportation Analysis Greenhouse 

Gas Emissions Inventory Results on a Per-Capita and 

Per-Dollar of Sales Tax Revenue Basis. 

 

 A correlation analysis was run on the population and sales tax revenue data compared 

to both sets of inventory results in order to determine whether or not increases or decreases in 

population and local economic activity were correlated, and likely partly responsible for, increases 

or decreases in emissions levels. As summarized above, results for community-wide emissions 

levels show a downward trend over time in both analyses; population and sales tax revenue have 

increased over the same time period. 

 The correlation analysis confirms what the data seems to show: neither changes in 

population nor local economic activity are positively correlated with changes in emissions levels. 

In fact, population and sales tax revenue have increased over the period inventoried while 

emissions levels have decreased. This demonstrates that local action to mitigate GHG emissions 
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has not only decreased emissions levels associated with the activities present in the CAP’s base 

year, but has offset emissions from increased activities associated with a growing population and 

economy. The correlation coefficients (“R”-values included in the charts above) show a negative 

correlation for each variable, population and sales tax revenue, compared with the community-

wide GHG emissions results from each of the analyses. It is highly unlikely that a growing 

population or economy is actually negatively correlated with GHG emissions generation - but the 

analysis demonstrates that in the case of Chico, they certainly aren’t positively correlated; 

emissions levels are changing in spite of changes in these factors rather than because of them. 

 In terms of progress towards the Climate Action Plan’s interim 2015 target of reducing 

community-wide GHG emissions levels 10% below base year (2005) levels by 2015, both analyses 

show that this goal has been reached and exceed by 2015 (Figures 12-13). The initial analysis 

shows a reduction of 23.6%, nearly to the level of the 2020 CAP target of 25% below base year 

levels, while the alternate transportation analysis shows a reduction of 16.3%, more than 50% 

beyond the 2015 interim CAP target. While aggregate community-wide emissions levels increased 

year-on-year in 2006, 2007 and 2012/2013 (depending on analysis) they have trended down every 

other year inventoried and substantially overall. 
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Figure 12: City of Chico Climate Action Plan 2020 Greenhouse Gas Emissions Projections, 

Targets and Estimated Reductions Through 2015 Interim Target Levels. 

 

 

Figure 13: City of Chico Climate Action Plan Alternate Transportation Analysis 2020 

Greenhouse Gas Emissions Projections, Targets and Estimated Reductions 

Through 2015 Interim Target Levels. 
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CHAPTER V 

SUMMARY, CONCLUSIONS & RECOMMENDATIONS 

 

Summary 

 In terms of the results generated by implementing the protocol for the City of Chico for 

the years 2005-2015, the data demonstrate a successful downward trend of community-wide GHG 

emissions from essentially every sector within the scope (except residential natural gas 

consumption) and in aggregate. They also show which of the sectors included in the scope have 

seen the steepest reductions and which should perhaps be prioritized in planning efforts. The trends 

demonstrated in the initial analysis are confirmed by the alternate transportation analysis. 

 Contextualizing these results with population growth and economic activity figures 

demonstrates that these downward trends in terms of absolute numbers are actually more 

significant on a per-capita and per-dollar of sales tax revenue basis. Community-wide emissions 

levels have been decreasing while the local population has increased significantly and economic 

activity has rebounded from the recession. The results demonstrate that the City of Chico is on-

track in implementing their 2020 Climate Action Plan and appear to have met, and exceeded, the 

interim target of reducing community-wide emissions levels 10% from the 2005 base year levels 

by 2015. 

 The customized protocol calculator developed for the City of Chico can be used on an 

annual basis to update these GHG emissions inventory results as subsequent years of primary form 

input data becomes available. The calculator was designed to accommodate additional years of 

input data and results through the City’s final CAP target of a 25% reduction from 2005 levels by 

the end of 2020. 
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Conclusions 

 The protocol has proved to meet the needs identified at the outset of the project: it 

produces a high-level estimate of community-wide GHG emissions on an annual basis that 

includes emissions from the five Basic Emissions Generating Activities, which represent the 

majority of emissions generating activities within the urban area and those which the local 

government has significant influence over. It does so in a manner that has relevance and utility for 

users (in this case, the City of Chico) and is accurate, complete, measureable, consistent and 

transparent. The Excel-based calculator works well for running the initial analysis and for running 

the alternate transportation analysis. It is easy to customize and use and is transparent in its 

calculations. 

 This protocol can be utilized by other communities interested in tracking emissions 

levels from a high-level on an annual basis. Depending on the relative degree of urban isolation, 

the proximity of other communities and the quality of VMT estimates available, some 

communities may be better served by using VMT estimates as the transportation sector input. 

Adjusting the protocol to accommodate this alternate input is relatively simple and requires only 

one additional step - calculating annual emission factors for VMT that take into consideration 

changes in average vehicle fuel efficiency. 

 Including in the analysis estimates of population growth and local economic activity 

can provide valuable insight into the potential impacts of each on changes in emissions levels, or 

whether efforts to reduce emissions are moving forward despite growth in either or both. This data 

is already reported to or collected by local government planning departments and is therefore easy 

to access and incorporate into the analysis. 
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Recommendations 

 The following recommendations are made specifically for the City of Chico in refining 

their use of this protocol over time: 

1) Given Chico’s circumstances - it’s relative isolation as an urban area and its lack of high-

quality estimates of local vehicle miles travelled - using fuel sales data as the transportation 

sector input is most likely the more accurate and thorough methodology for estimating 

emissions from this sector. 

2) Future work with the California Board of Equalization should be able to determine if it’s 

possible to conduct a more thorough accounting of local transportation fuel sales to include 

fuel sold at stations owned out-of-area. 

3) Future work with Pacific Gas & Electric may be able to determine if Direct Access energy 

purchases can be tracked and included within the input data for the energy sector. Direct 

Access purchases apply only to electricity consumption, not natural gas. 

4) Future work with staff at the Neal Road Landfill, to which Chico’s waste is hauled, should 

be able to determine if it is possible to capture the weights of loads of waste dumped at the 

landfill by private residents using their own vehicles to haul the waste. 

5) The Neal Road Landfill has captured and flared methane emissions since before 2005. The 

emission factor calculated for converting tons of waste into an estimate of MTCO2e takes 

this into consideration. Sometime around 2015 the landfill began using captured methane 

emissions to produce electricity in a landfill-gas-to-energy facility. This has essentially 

eliminated those emissions as a contributor to community-wide GHG emissions levels; it is 

in fact creating an offset, but the offset is captured in reduced electricity consumption from 
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PG&E. The emission factor for waste-to-landfill used in the protocol should be updated to 

reflect this change. 

6) Going forward, it should be possible to update the City of Chico’s GHG emissions 

inventory with new years’ data within six months of the end of a calendar year. This would 

mean data for a given year can all be collected by the end of June of the following year and 

inputted into the protocol calculator. Working with the reporting agencies to ensure timely 

delivery of input data can result in an annual update to the inventory by the end of each 

fiscal year (July 1-June 30).  
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