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EXECUTIVE SUMMARY

1 Executive Summary
In 2020, the City of Frederick adopted a Climate Emergency Resolution which recognizes the risks
posed by climate change and prioritizes reducing greenhouse gas (GHG) emissions and considering
climate change as part of all significant actions taken by the City. This Resolution will spur local
action and advance climate goals set by the City and the State of Maryland. The City of Frederick
developed this climate action plan (CAP) of City government operations to serve as the foundation
for the City’s GHG reduction efforts and resiliency planning, encourage broader community action,
and support the State’s climate goals. The CAP was developed by characterizing current sources of
GHG emissions from City operations, identifying opportunities to reduce emissions, and assessing
climate risks and strategies to embed resiliency opportunities into City operations. This report
contains four sections:
➢ GHG Inventory and Projections discusses the County’s current GHG emissions for the
baseline year of 2015 and projects future emissions through 2030 under a baseline
trajectory, forecasting the level of GHG emissions that would occur if no additional actions
were taken by the City to reduce emissions beyond what is happening today.
➢ GHG Mitigation Analysis describes specific actions the City can take to reduce GHG
emissions within City operations in the energy and transportation sectors.
➢ Climate Risk Assessment describes anticipated local climate impacts and how changes in
the climate may affect sectors, municipal departments, and populations in the City of
Frederick.
➢ Resiliency Planning Recommendations includes specific recommendations to further
enhance the resilience of the City and enable the City government to respond to a changing
climate.

1.1 GHG Inventory and Projections
The foundational step of developing a CAP is to understand current and future sources of GHG
emissions. The City prepared a GHG inventory of City government operations for 2015, with
projections through 2030 under a business-as-usual (BAU) trajectory (see Figure 1). The baseline
inventory and projections allow the City to understand the GHG emissions impact of its operations,
identify key sources and drivers of emissions, set targets, and track progress toward reduction goals.
In 2015, the City of Frederick’s government operations emitted approximately 15,624 metric tons of
carbon dioxide equivalent (MT CO2e) from government operations. Under the BAU scenario, the City
government’s emissions are projected to increase by 12% by 2030, to 17,552 MT CO2e.
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Figure 1: 2015 GHG Inventory and Business-as-Usual Projections Through 20301

The City’s GHG inventory includes estimated emissions for the following sources of emissions from
City operations:
➢
➢
➢
➢
➢
➢

On-site fossil fuel combustion at City facilities
Mobile combustion in City fleet vehicles and non-fleet vehicles and equipment
Wastewater treatment
Fertilizer use on City land
Purchased electricity used in City facilities
Waste disposal in City facilities and community waste hauled by the City, including residents
and businesses
➢ City employee commuting
Purchased electricity, waste disposal, and mobile emissions from the City’s vehicles and equipment
were the largest sources of emissions in 2015, accounting for almost 90% of the City government’s
total emissions.

1.2 Reducing GHG Emissions
After developing the BAU emissions trajectory, the City developed strategies to reduce its overall
GHG emissions. This included:

Emissions from waste disposal briefly increased in 2018 and 2019 due to changes in Frederick County’s landfill
management practices. The County c eased operations on a landfill gas-to-energy system in 2018. As of 2020, the
majority of waste sent to the County landfill is sent to an out-of-state landfill which does recover landfill gas for
energy. In 2020, when the City started sending waste to an out-of-state landfill, a small portion of waste was sent to
the Frederick County landfill that flares landfill gas (LFG). Estimates from 2020 forward include emissions from flaring
at the Frederick County landfill and emissions from the out-of-state landfill’s LFG management system.
1
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•
•
•
•

Identifying actions already planned and/or currently being implemented by the City
government that will reduce GHG emissions.
Identifying additional actions that could be taken by the City government to further reduce
GHG emissions in the energy and transportation sectors.
Prioritizing final actions to include in the CAP based on City government priorities, available
resources, cost, ease of implementation, and potential to reduce emissions.
Estimating the GHG reduction potential for these actions and overall impact on the City
government’s future emissions.

Nine emission reduction strategies were included in the mitigation analysis. These actions will
reduce the City government’s GHG emissions by 53% from 2015 BAU levels by 2030 and by 58%
from 2030 BAU levels. Mitigation strategies in buildings and energy use represent the largest
opportunity for reductions. Figure 2 shows GHG reduction results by strategy.
The buildings and energy use sector has the largest potential for reducing the City government’s
emissions. This is due to the purchase of renewable energy credits (RECs) which ensure the use of
low or zero emissions renewable sources for purchased electricity used in City buildings, as well as
initiatives that generate zero-carbon energy or improve energy efficiency in City operations.
Strategies in the transportation sector offer opportunities for additional emission reductions and can
be expanded to include even more aggressive targets as resources, staffing, and infrastructure
allow.

5

EXECUTIVE SUMMARY

Figure 2: GHG Emission Reductions under the Moderate Mitigation Scenario

1.3 Climate Risk Assessment
Climate change may increase the frequency and/or severity of severe weather-related hazards in
Frederick, including extreme heat, drought, flooding, storms, and extreme winter conditions.
These projected changes in climate may lead to impacts and consequences across sectors and the
respective municipal departments. For example, flooding is the main hazard of concern for the
water, sewer, and drainage sector. Extreme heat, flooding, and extreme winter conditions all present
challenges to the transportation sector. Extreme heat is the primary hazard of concern for the energy
sector, though flooding, storms, and extreme winter conditions can also pose risks. Extreme
precipitation and storms present the greatest risk to the information and communication technologies
sector, though extreme heat can also present a risk. The primary climate hazards of concern for the
buildings sector are extreme heat days and flooding. Lastly, all climate hazards present serious risks
to the community.

6

EXECUTIVE SUMMARY

1.4 Resiliency Planning Recommendations
Building resilience to climate change is best accomplished through a multi-faceted approach that
embeds climate change considerations into the City’s operations, processes, and decision-making.
The climate risk assessment illustrates the potential far reach of climate consequences across
municipal departments and the services they provide to the community. As such, departments
across the City will need to understand and prepare for climate risks to ensure that municipal
decisions and services continue to support a safe and vibrant Frederick under a changing climate.
The overall resilience goal is to integrate climate resilience considerations into all relevant municipal
decisions and activities. This plan provides specific resilience recommendations in three areas:
•

•

•

Overarching plans
o Apply a climate change lens to the implementation of the policies and strategic
initiatives identified in the recently updated Comprehensive and Strategic Plans, in
order to systemically incorporate climate resilience across the City’s priorities.
o Consider climate change risks and resilience as a cross-cutting theme when these
plans are updated in the future.
Land management planning
o Identify potential climate risks and opportunities in development project concepts.
o Consider revising sections of the Land Management Code to codify climate resilience
measures related to land management.
Capital planning
o Incorporate climate resilience considerations in planning for capital investments
throughout the Capital Improvement Program development process.

1.5 Next Steps
Implementation of this plan is the next step forward for the City government. Implementing this plan
will require buy-in across agencies and sufficient funding and staffing to implement them. Once the
City adopts this plan and begins implementing mitigation and resilience strategies, it will be
important to continue to monitor the implementation and impacts of the strategies and adjust course
as needed.
Data collection will be important to continue to assess the impact of the City’s operations on GHG
emissions as well as to monitor progress towards achieving their goals over time. It is recommended
that the City government start immediately by implementing low-cost GHG reduction strategies, such
as completing streetlight LED retrofits, and then build in higher cost strategies into planning efforts
over the next 5 to 10 years, as resources allow. It is also recommended the City government
conduct periodic updates to the GHG inventory and track its progress annually toward
implementation of these goals and the status of implementation in order to readjust strategies as
needed to meet the City’s overall GHG reduction goals.
Finally, the City can act now to embed climate change considerations into the City’s operations,
processes, and decision-making and has already begun this effort.
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2 Introduction
In recent years, extreme weather events and natural disasters have become more intense and
frequent around the world. Climate change is occurring at the global and local level. The
concentration of carbon dioxide (CO2) in the atmosphere has reached the highest level in at least the
last 800,000 years.2 Emissions of greenhouse gases (GHGs), driven largely by human activities
such as the burning of fossil fuels for energy and transportation, have increased substantially since
the preindustrial era. As the level of CO2 and other greenhouse gases in the atmosphere continues
to increase there will be increasingly significant climate effects that will impact societies around the
world.3
The City of Frederick issued a Climate Emergency
April 2020 Climate Emergency
Resolution in April 2020 recognizing the need to address
Resolution
climate change at the local level. The City is already
“The
City
of
Frederick
commits to
experiencing the effects of a changing climate, and these
considering
all
significant
actions
impacts are expected to increase in the coming decades.
through
the
lens
of
climate
change.”
Climate change impacts such as increased flooding,
extreme heat, extreme weather events, and extreme
winter conditions will be felt across all sectors, municipal departments, and population groups in
Frederick. For example, increased flooding will more frequently overload the capacity of stormwater
infrastructure during storms, which could cause service, budget, and human health implications in
the water, sewer, and drainage sector and transportation sector. Key impacts to sectors, built
infrastructure, and communities are detailed in the Climate Impacts and Consequences section
below.
The City is taking steps to respond to the current and
Future Impacts of Climate Change
future impacts of climate change. In 2016, the City
developed a Sustainability Plan to establish a
• Increases in extreme heat days, over
framework for sustainable initiatives within the City.
90, 95 and 100°F.
The Sustainability Plan presented a holistic approach
• Increase in frequency and severity of
droughts.
to create a more sustainable city, to reduce GHG
•
Heavier rainfall events, leading to
emissions, and to adapt to climate change; for
greater flood risk.
example, it included an environmental purchasing
• Increase in intensity of extreme
policy, a plug-in electric charging infrastructure plan,
storms.
and an electric vehicle readiness policy. Following the
City’s Climate Emergency Resolution and building on existing climate and sustainability efforts
undertaken by the City, the City has developed this Climate Action Plan to further address the
climate crisis at the local level.

Climate.gov. 2020. “Climate Change: Atmospheric Carbon Dioxide.” Available at: https://www.climate.gov/newsfeatures/understanding-climate/climate-change-atmospheric-carbon-dioxide.
3 Intergovernmental Panel on Climate Change’s (IPCC). 2018: Summary for Policymakers. Available at:
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/05/SR15_SPM_version_report_HR.pdf.
2
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2.1 Objective and Scope of the City of Frederick Climate
Action Plan
The City of Frederick has developed this Climate Action Plan (CAP) for City government operations
to address current and future climate change. This CAP comprehensively considers the changing
climate in the City of Frederick by addressing both the causes of climate change (reducing GHG
emissions, or “mitigation”) and the impacts of climate change (“adaptation”). In particular, the CAP
has five primary objectives:
1. Assess the City’s GHG footprint and baseline emissions through 2030.
2. Describe climate actions the City is committing to, and the anticipated impact of these
actions on emissions through 2030.
3. Offer additional information on measures that the City may take to further reduce its
footprint.
4. Assess and explain climate change risks that the City may face, including impacts and
consequences across sectors, municipal departments, and populations.
5. Provide recommendations for climate-resilient strategies that the City can take.
The scope of the CAP includes City government operations. This includes:
➢
➢
➢
➢
➢

Buildings and other facilities that the City owns and operates,
Streetlights and traffic signals,
Water and wastewater treatment plants,
City fleet vehicles, and
Non-fleet vehicles and equipment (e.g., lawn mowers, construction equipment).

This CAP focuses exclusively on emissions from municipal government operations and does not
include the broader community, private sector, or households. While only representing a portion of
the City of Frederick’s carbon footprint, this CAP demonstrates the City government’s commitment to
lead by example and demonstrate action where the authority exists. The City can spur action
throughout the community by spearheading programs that partner with community actors to reduce
GHG emissions.
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3 Greenhouse Gas Inventory and Projections
A GHG emissions inventory serves as a foundational tool to identify primary sources of GHG
emissions, inform decision-making about potential reduction opportunities, and help track the City’s
footprint over time. The City developed a baseline GHG inventory of City government operations for
2015 with projections through 2030. This GHG inventory allows the City to understand the emissions
impact of its operations, identify key sources and drivers of emissions, set targets, and ultimately
track progress toward reduction goals.

3.1 Overview
A GHG inventory quantifies the GHG emissions that results from an organization’s activities.
Specifically, a GHG inventory estimates emissions of GHGs—carbon dioxide (CO2), methane (CH4),
nitrous oxide (N2O), and fluorinated GHGs—from common sources of emissions such as building
electricity use, transportation, and waste disposal.
This inventory follows the Local Government
Global warming potentials and carbon
Operations Protocol (LGOP) and best
dioxide equivalent explained
practices for GHG accounting and reporting.
Global warming potentials (GWPs) allow for
The U.S. EPA’s Local Greenhouse Gas
comparison of the impacts of different gases on
Inventory Tool’s Government Operations
climate change by measuring the impact to climate
module (LGGIT) was used to develop
change of one ton of a gas relative to the emissions
inventory estimates for most sources. Where
of one ton of CO2. For example, the GWP for
the LGGIT did not contain a methodology for
methane (CH4) is 25, indicating that one metric ton
an emission source or a more specific
(MT) of CH4 is as effective as 25 MT of CO2 at
emission factor was available, industry best
trapping heat in the atmosphere.
practices were implemented using guidance
This inventory uses 100-year GWP values from the
from the LGOP. The inventory includes
Intergovernmental Panel on Climate Change’s
emissions of CO2, CH4, and N2O. Emissions of
(IPCC) Fourth Assessment Report (AR4) to report
hydrofluorocarbons (HFCs) are not estimated
emissions in metric tons (MT) of carbon dioxide
due to lack of available data on refrigerant
equivalent (CO2e). Using the AR4 GWP values is
leakage. The City does not emit any of the
consistent with regional MWCOG GHG inventories
other fluorinated GHGs included the LGOP
as well as the national U.S. GHG inventory.
guidance from its operations, including
perfluorocarbons (PFCs), sulfur hexafluoride (SF6), or nitrogen trifluoride (NF3).
Emissions can be categorized into “scopes,” which classify direct and indirect sources of emissions,
improve transparency, and avoid double counting of emissions across organizations.4 Emission
scopes are defined as:
➢ Scope 1: Direct emissions from sources that are owned or controlled by the City government
(e.g., fuel use in government fleet vehicles).
➢ Scope 2: Indirect emissions associated with the use of purchased electricity, steam, heating,
or cooling that occur at sources owned or controlled by another entity (e.g., utility) but as a
result of the City’s activities.
4

ICLEI. 2010. Local Government Operations Protocol. Version 1.1. See https://icleiusa.org/ghg-protocols/.
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➢ Scope 3: All other indirect emissions not covered in Scope 2, which occur at sources not
owned by the City but result from the City government’s activities (e.g., employee commuting
to City facilities).
The following section describes what is included in the City’s GHG inventory.

3.2 Scope of the Inventory
The first step in developing a GHG inventory is defining the inventory boundaries. Inventory
boundaries establish which activities, sources of emissions, operations, and time period are
considered as part of a GHG inventory.
This inventory of City government operations includes GHG emissions resulting from sources over
which the City owns and/or has operational control—defined as any facility or operation for which the
City has the full authority to introduce and implement changes in operational policies and
processes.5 This includes:
➢
➢
➢
➢
➢
➢
➢
➢

Buildings and other facilities that the City owns and operates,
Streetlights and traffic signals,
Water and wastewater treatment plant,
Solid waste disposal generated by City operations, residents, and businesses and hauled by
the City,
Fertilizer use,
Fleet vehicles,
Employee commuting, and
Non-fleet vehicles and equipment (e.g., lawn mowers, construction equipment).

The inventory excludes certain minor sources of emissions for which data were not available,
emissions were likely to be low (e.g., less than 1% of total emissions), or over which the City has
minimal control. This includes:
➢
➢
➢
➢
➢

Fugitive emissions from refrigerant leakage
Business travel of City employees in non-City-owned vehicles
Carbon sequestration from urban trees
Air travel from the City’s municipal airport
Contracted services

The base year of the City’s inventory is calendar year 2015. Baseline years provide a historic point
of comparison against which emissions performance is tracked over time. This GHG inventory
includes historic GHG emissions for 2015 and projections for years 2016 to 2030.
The following sections describe how the City developed its GHG inventory, results of the inventory,
and projected emissions through 2030.

3.3 2015 Emissions Inventory
This inventory includes estimates for the following sources of emissions in City operations:

5

ICLEI. 2010. Local Government Operations Protocol. Version 1.1. See https://icleiusa.org/ghg-protocols/.
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➢ Scope 1:
 On-site fossil fuel combustion at City facilities
 Mobile combustion in City fleet vehicles and non-fleet vehicles and equipment
 Wastewater treatment
 Fertilizer use
➢ Scope 2:
 Purchased electricity used by City facilities, streetlights, and traffic signals
➢ Scope 3:
 Waste disposal in City facilities and community waste hauled by the City6
 City employee commuting
Emissions in this inventory are also assigned to the four sectors presented in Figure 3.
Figure 3: GHG Inventory Sectors and Sources

Buildings and
Energy Use

• Purchased electricity
• On-site fuel use

Transportation

• On-road vehicle fleet
• Off-road equipment
• Employee commuting

Waste

• Solid waste disposal
• Wastewater treatment

Other

• Fertilizer use

Emissions for each source were estimated using methods from ICLEI’s LGOP, unless otherwise
specified (for example, where more localized or site-specific emission factors were available). Where
data were unavailable, best practices were used to develop proxy data to support estimates.
Additional information on methodologies and assumptions for each emission source are available in
Appendix A: Inventory Methods.

6

Data were not available to separate community waste hauled by the City from government-generated waste, and
therefore both are included in the current inventory.
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3.3.1

Results

In 2015, the City of Frederick emitted approximately 15,624
MT of CO2e. Figure 4 and Table 1 shows emissions by
source.
Purchased electricity was the largest source of GHG
emissions in 2015, consistent with findings in the City’s 2013
GHG inventory. The second largest source of emissions was
solid waste disposal, followed closely by City fleet as the
third largest source.

The City’s 2015 emissions
(15, 624 MT CO2e) are
equivalent to GHG emissions
resulting from the energy use
of about 1,800 homes for
one year.

Carbon dioxide represented the majority of GHG emissions in 2015, comprising 81% of total
emissions. Methane was the second largest GHG, accounting for 17% of total emissions.N2O
accounted for the remaining emissions (2%).
Figure 4: 2015 Emissions by Source

Table 1: 2015 GHG Emissions by Source
Sector
Buildings
Stationary Fuels
Purchased Electricity
Occupied Spaces
Unoccupied Spaces
Water Resources
Streetlights
Transportation
On-Road Vehicles
Employee Commuting

Emissions (MT CO2e)
9,776
856
8,920
1,654
779
3,635
2,852
2,945
2,123
458
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Percent of Total
63%
5%
57%
11%
5%
23%
18%
19%
14%
3%
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Off-Road Equipment
Waste
Waste Disposal
Wastewater Treatment
Other Sources
Fertilizer Use
Total

364
2,873
2,525
348
29
29
15,624

2%
18%
16%
2%
<1%
<1%
100%

Figure 5: 2015 GHG Emissions by Scope

Scope 1 (direct) emissions comprised 24% of total 2015 emissions, driven primarily by City fleet use.
Scope 2 (indirect) emissions comprised 57% of total emissions in 2015, driven by purchased
electricity. Finally, Scope 3 (indirect) emissions comprised the remaining 19% of total emissions,
largely driven by emissions from waste disposal.
The following sections describe sector-specific results of the inventory.

3.3.2

Buildings and Energy Use

The combustion of fossil fuels for energy and heat generation results in emissions of CO2, CH4, and
N2O. Buildings and energy sector emission sources include on-site stationary fuel combustion (e.g.,
natural gas, diesel generators, and digester gas) and purchased electricity in City-owned facilities.
This includes four categories of facilities:
➢ Occupied spaces, which includes office buildings, apartments, theaters, recreational centers,
a train station, an airport, athletic facilities (e.g., stadium), and museums owned by the City,
➢ Unoccupied spaces, which includes parking garages, airport hangers at the Municipal
Airport, and outdoor recreation spaces,
➢ Water resources, which includes the City’s water treatment plant, wastewater treatment
plant, and associated pump stations, and
➢ Streetlights and traffic signals, which includes approximately 8,000 streetlights owned by the
City.
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Overall, energy-related activities emitted 9,776 metric tons MT CO2e in 2015, 63% of total emissions
from City operations. Emissions from the energy sector are impacted by 1) the amount and type of
fuel combusted on-site, 2) on-site equipment technology and efficiency, 3) the amount of electricity
used in buildings and other facilities, and 4) the carbon intensity of the fuel mix of grid electricity
generation (e.g., coal, natural gas, wind, or solar).
The largest source of emissions in the energy sector is purchased electricity, responsible for 8,920
MT CO2e in 2015. Of these emissions, water resources (the City’s water and wastewater treatment
plants) were the largest source of electricity emissions, followed by streetlights and occupied
spaces. Seven facilities accounted for 50% of the City’s electricity use in 2015. Figure 6 shows the
breakout of electricity emissions by category.
Stationary fuel use (i.e., natural gas and diesel fuel use in buildings) emitted 856 MT CO2e in 2015,
making up the remaining 5% of emissions from the buildings and energy use sector. Emissions from
stationary fuel use were primarily from natural gas use in facilities followed by diesel used in
generators for the City’s water and wastewater treatment plants.

Figure 6: 2015 Electricity Emissions by Category

3.3.3

Transportation

The transportation sector was the second largest source of GHG emissions in 2015. Transportation
sector emission sources include fuel use in the City’s fleet of on-road vehicles and off-road
equipment and emissions from employee commuting. The City has a fleet of approximately 400 onroad vehicles, which is mostly comprised of light-duty trucks and passenger cars. Off-road
equipment includes over 100 pieces of equipment including agricultural, utility, recreational, and
construction equipment.
Overall, transportation-related activities emitted 2,945 MT CO2e in 2015, 19% of total City emissions.
Of these emissions, 72% (2,123 MT CO2e) resulted from the on-road vehicles, 15% (458 MT CO2e)
resulted from employee commuting, and 12% (364 MT CO2e) resulted from off-road equipment use.
Emissions from the transportation sector are impacted by 1) the size, type, and efficiency of vehicles
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in the on-road fleet and off-road equipment inventory, 2) miles traveled by employees in City
vehicles and in commuting to work, and 3) the type of fuel consumed by vehicles and equipment
(e.g., gasoline, diesel, diesel, or electric vehicles).
Figure 7: 2015 Emissions from the Transportation Sector

3.3.4

Waste

The waste sector was the third largest source of emissions from City operations in 2015 and
includes emissions from disposal of solid waste generated by City operations, community solid
waste hauled by the City, and wastewater treatment at the City of Frederick’s Wastewater Treatment
Plant. Specifically, this includes CH4 and N2O emissions from the decomposition of organic waste in
solid waste and wastewater. Because the City government owns and operates the wastewater
treatment plant, this represents emissions from wastewater treated for the community. In 2015,
emissions from waste sources were 2,873 MT CO2e, making up 18% of total emissions.
The City does not own or operate any landfills. The disposal of community waste (i.e., residents and
businesses) is under the City’s operational control since the City is contracted to haul community
waste to a disposal site; therefore, community waste is included in this inventory. The City disposed
of 18,428 tons of waste in Frederick County’s landfill in 2015, resulting in 2,525 MT CO2e from waste
disposal. Solid waste disposal made up 88% of the City’s waste sector emissions in 2015. The
remaining 12% of waste sector emissions were from the City-owned wastewater treatment plant,
which emitted 348 MT CO2e.
Emissions from waste disposal are impacted by the amount of solid waste landfilled, the landfill gas
(LFG) collection system, amount of LFG collected, fraction of CH4 in the LFG, and the CH4 collection
efficiency. Similarly, emissions from wastewater treatment are impacted by the population served by
the wastewater treatment facility, the amount and concentration of CH4 in the biogas produced, and
the treatment process used at the facility (i.e., nitrification, denitrification, anaerobic, or aerobic
digestion).
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3.3.5

Other Sources

Emissions from other sources include fertilizer use on City property. Fertilizer is applied to Cityowned golf courses. In 2015, emissions from fertilizer use on City land were 29 MT CO2e, less than
1% of total emissions in 2015.

3.4 Projections: 2016 to 2030
The City developed projected emissions for 2016 to 2030 to serve as a baseline against which to
measure the impact of the City’s strategies to reduce emissions over the next decade. The GHG
inventory and emission projections together represent the business-as-usual (BAU) scenario for the
City’s GHG emissions. The BAU scenario shows trends in the City’s GHG emissions under current
conditions without implementing any additional activities to reduce GHG emissions, such as energy
efficiency measures, renewable energy credits (RECs), or otherwise.
It was assumed that as the City population grows, the operations of City government (and emissions
resulting from those activities) are likely to increase to meet the needs of the community. As a result,
projections for most emission sources are based on projected City population estimates from the
Metropolitan Washington Council of Governments (MWCOG) used to scale to activity data (e.g., fuel
use in City vehicles, amount of solid waste disposed). This method is commonly used to project
emissions from government operations. Figure 8 shows GHG emission projections by source
through 2030.
Figure 8: 2015 through 2030 Emissions by Source7

Emissions from waste disposal briefly increased in 2018 and 2019 due to changes in Frederick County’s landfill
management practices. The County ceased operations on a landfill gas-to-energy system in 2018. As of 2020, the
7
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Table 2: 2015 to 2030 Projected GHG Emissions by Source

Sector
2015
2020
2025
2030
Buildings
9,776
9,484
10,212
10,492
Stationary Fuels
856
778
857
882
Purchased Electricity
8,920
8,706
9,355
9,611
Occupied Spaces
1,654
1,573
1,725
1,776
Unoccupied Spaces
779
596
653
672
Water Resources
3,635
4,038
4,426
4,558
Streetlights
2,852
2,498
2,552
2,605
Transportation
2,945
2,895
3,288
3,265
On-Road Vehicles
2,123
2,358
2,408
2,359
Off-Road Equipment
364
287
315
324
Employee Commuting
458
250
565
582
Waste
2,873
3,389
3,659
3,766
Waste Disposal
2,525
3,125
3,375
3,476
Wastewater Treatment
348
264
284
291
Other Sources
29
29
29
29
Fertilizer Use
29
29
29
29
Total
15,624
15,797
17,188
17,552
Biogenic CO2 Emissions
0
166
169
172
from Biogas*
*Biogenic CO2 emissions from the combustion of biogas at the City’s wastewater treatment plant are
not included in totals and are included as an informational item.
The City of Frederick’s overall GHG emissions are projected to increase by 12% from 15,624 CO2e
in 2015 to 17,552 MT CO2e in 2030 under the baseline scenario. The driver of growth in emissions
between 2015 and 2030 is City population growth, which will likely increase demand for City services
and is anticipated to result in expanded operations. Most sources are projected to increase GHG
emissions from 2016 to 2030 with the exception of wastewater treatment and fertilizer use. The
sources that are projected to increase emissions include stationary fuel use, purchased electricity,
landfilled waste, on-road vehicle fleet and off-road equipment fuel use, and employee commuting.
All building energy emission sources are projected to increase in line with population growth by
2030. Emissions from on-site fuel combustion (i.e., stationary fuel emissions) are projected to
increase by 3% from 856 MT CO2e to 882 MT CO2e in 2030 due to growth in the amount of energy
used by facilities to meet the City’s anticipated population growth. Emissions from purchased
electricity are also expected to increase by 8% from 8,920 MT CO2e to 9,611 MT CO2e in 2030 due
to increased electricity needs resulting from population growth. Projected electricity estimates
assume that the regional electricity grid does not change in the future (i.e., the estimates do not
majority of waste sent to the County landfill is sent to an out-of-state landfill which does recover landfill gas for
energy. In 2020, when the County started sending waste to an out-of-state landfill, a small portion of waste remained
at the Frederick County landfill that flares landfill gas (LFG). Estimates from 2020 forward include emissions from
flaring at the Frederick County landfill and emissions from the out-of-state landfill with an LFG management system.
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account for any increased use of renewable energy for
electricity generation or shifts away from coal to less
carbon-intensive fossil-based generation sources such as
natural gas). Although purchased electricity projections are
held constant in this inventory, there are planned policies
that will impact the generation mix of the regional electricity
grid, including the Maryland Renewable Portfolio Standard
(i.e., Senate Bill 516) requirement to generate 50% of the
state’s electricity from renewable energy by 2030.8 As a
result of such policies, it is likely that projected emissions
from electricity will decrease over time as renewable
energy comprises a larger share of electricity generation
resources even as electricity demand continues to grow.
See Appendix A: Inventory Methods for information on this
alternative approach to estimating electricity emissions that
incorporates anticipated regional changes in the electricity
grid.

Electricity Emissions with Planned Policies
Electricity emissions can also be modeled using
electricity generation forecasts from the Energy
Information Administration’s (EIA) Annual Energy
Outlook (AEO), which reflects anticipated changes in
the electricity grid as a result of regional policies.
Under this approach, electricity emissions are
projected to decrease across the time series as the
grid is increasingly comprised of lower carbon
sources of energy, such as renewable energy. Table
3 below shows electricity emission estimates
considering planned policies included in AEO
estimates. Under this scenario, BAU electricity-related
emissions would decrease by 2030 as increased
electricity use would be offset by a decreasing carbon
intensity of the grid.
Table 3: Planned Policies Scenario Electricity
Estimates and Total Emissions

All transportation emission sources are anticipated to grow
in line with population growth by 2030 as well from 2,945
2015
2020
2025
MT CO2e in 2015 to 3,265 MT CO2e in 2030, as demand
Purchased
Electricity
8,920
8,489
8,579
for vehicle and equipment usage and the number of
Total
employees commuting increase with City operations.
Emissions
15,624 15,581 16,412
Emissions from on-road vehicles and off-road vehicles and
equipment are projected to be 8% higher in 2030, and
employee commuting emissions are projected to be 27%
higher in 2030. Emission projections for on-road vehicles
consider the Safer Affordable Fuel-Efficient (SAFE) Vehicles Rule, which requires all light-duty
vehicles to increase the stringency of fuel efficiency at 1.5% per year from 2020 levels over years
2021 through 2026.9
Emissions from waste disposal are projected to increase by 38% from 2,525 MT CO2e to 3,476 MT
CO2e in 2030, resulting from population growth and a portion of waste remaining at the Frederick
County landfill that flares landfill gas (LFG) starting in 2020.
Increased emissions across these sources will be slightly offset by lower emissions from wastewater
treatment resulting from the capture of biogas at the wastewater treatment plant for use at the onsite CHP facility instead of flaring beginning after 2015.
Finally, emissions from fertilizer use are projected to remain constant through 2030 as the land area
fertilized is assumed to remain constant.

8

Maryland Senate Bill 516. Available at: http://mgaleg.maryland.gov/2019RS/bills/sb/sb0516f.pdf.
U.S. EPA. The Safer Affordable Fuel Efficient (SAFE) Vehicles Final Rule for Model Years 2021-2026. Available at:
https://www.govinfo.gov/content/pkg/FR-2020-04-30/pdf/2020-06967.pdf
9
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Overall, the City government’s GHG emissions trends through 2030 shows a moderate increase,
with a decreasing proportion of emissions from wastewater treatment and an increasing proportion
of emissions from solid waste.

4 Reducing GHG Emissions
This section describes actions the City plans to take to reduce its GHG emissions over the coming
decade. The City identified potential GHG reduction strategies that it can implement to meet
emission reduction goals that build on its current activities and initiatives. The GHG emission
benefits of each reduction strategy was then estimated to assess the overall impact on the City’s
emissions through 2030. The results of this analysis are presented in this section.
The list of actions in this CAP expands on current and planned actions by the City and includes
additional GHG reduction strategies that will further reduce emissions. These actions were vetted
through conversations with key stakeholders internal to the City, including the City’s Sustainability
Manager, internal City stakeholders (e.g., fleet and facilities managers), and MWCOG. The list was
further refined using criteria including City priorities, available resources, cost, and ease of
implementation. The actions focus on the energy and transportation sectors because they offer the
largest emission reduction opportunities for the City.
Table 4 lists all potential GHG reduction strategies provided to stakeholders and specifies which
strategies were ultimately included in this CAP. The table also identifies the GHG and energy
reduction benefits associated with each strategy.

Strategy 1: Complete LED streetlight project

●

Strategy 2: Retrofit existing City facilities with
energy efficiency upgrades

●

Strategy 3: Install renewable energy at City
facilities (i.e., solar)

●

Strategy 4: Implement a Green Building policy
Strategy 5: Develop environmentally preferred
purchasing policy
Strategy 6: Purchase Renewable Energy Credits

●
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Modeled in Analysis

Other

●
●

●
●

●

●

●

●

●
●

●
●

Strategy 7: Electrify the City fleet

Reduce Mobile Fuel
Use

Transition to Cleaner
Mobile Fuel

Transition to
Renewable Energy

Reduce Natural Gas
Use

Reduce Electricity Use

Table 4: List of Strategies and Benefits Considered for the CAP

●

Modeled in Analysis

Other

Reduce Mobile Fuel
Use

Transition to Cleaner
Mobile Fuel

Transition to
Renewable Energy

Reduce Natural Gas
Use

Reduce Electricity Use
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Strategy 8: Adopt a hybrid replacement program

●

●

Strategy 9: Expand telecommuting opportunities

●

●

●

Convert the City fleet to alternative fuel vehicles
Implement microgrid pilot project

●

●

Develop LEED or above code green building policy

●

●

Electrify all City facilities
Expand CHP at City facilities

●

Develop an energy accountability program for
employees

●

●

●

●

●

●

●

Purchase an electric circulator bus
Send City waste to a landfill that captures landfill
gas for energy recovery

●

The remainder of this section describes the final strategies in more depth.

4.1 Buildings and Energy Use Sector
City facilities that consume energy include office buildings, apartments, theaters, recreational
centers, a train station, an airport, athletic facilities (e.g., stadium), museums, parking garages,
airport hangers, a water treatment plant, wastewater treatment plant, pump stations, outdoor
recreation spaces, and streetlights and traffic signals.
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The City has several existing initiatives to reduce
energy use and emissions in the buildings and
energy sector:

What are Renewable Energy Credits
(RECs)?
RECs are market-based instruments
that represent the property rights to the
environmental, social and other nonpower attributes of renewable electricity
generation. RECs are issued when one
megawatt-hour (MWh) of electricity is
generated and delivered to the electricity
grid from a renewable energy resource.
RECs are an instrument that electricity
consumers use to have renewable
electricity generated on their behalf.

➢ The City began purchasing renewable energy
credits through the City’s energy provider,
Mid-American, in 2020.
➢ The City is currently working on a project to
retrofit all City-owned streetlights with LEDs.
➢ The City has conducted energy audits on
several City facilities to help identify and
budget for upgrades within those buildings.
➢ The City is developing energy efficiency and
renewable energy policies and outlining
overall reduction goals.
➢ The City operates a cogeneration facility at its wastewater treatment plant. This plant
captures anaerobic digester gas and converts it to electricity that is used on-site.
➢ The City has continued to evaluate renewable energy potential by identifying potential sites
for ground-mount solar installations throughout the City and is considering power purchase
agreements (PPAs) as the financial instrument for the installations.
Based on existing activities and stakeholder feedback, the following strategies were modeled as part
of this CAP:
1.
2.
3.
4.
5.
6.

Complete the LED streetlight project,
Retrofit existing City facilities with energy efficiency upgrades,
Install renewable energy on-site at City facilities,
Adopt a Green Building policy,
Adopt an environmentally preferred purchasing policy, and
Purchase renewable energy credits (RECs).

The following sections describe each building and energy use strategy included in this Plan.

4.1.1
Overall Reductions from Buildings and Energy Use
Sector Strategies
The six strategies in this sector will reduce overall GHG emissions by 9,783 MT CO2e by 2030.
Figure 9 shows energy sector GHG emission reductions in 2030 compared to the energy sector BAU
scenario (93% reduction), and Figure 10 shows emission reductions from each strategy. The largest
contributing mitigation strategy for building and energy use is the purchase of RECs, followed by the
LED streetlight retrofit and then implementing existing building retrofits.
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Figure 9: Energy Sector Emissions in 2030 under BAU and Mitigation Scenarios

Of these emission reductions, almost 98% (9,610 MT CO2e) result from reduced electricity
consumption in facilities, the transition to on-site renewable sources of electricity, and the purchase
of RECs. This captures the net impact of increased electricity use from two scenarios (adopting a
green building policy and electrify the city fleet) as the increased energy use will be counterbalanced
by the use of zero-emissions electricity through on-site renewables and RECs. The remaining 2%
(172 MT CO2e) of emission reductions are due to reduced natural gas use. All building strategies
except for the green building policy reduce electricity use, while two strategies will reduce natural
gas use (implementing a green building policy and existing building retrofits). With the purchase of
RECs for 100% of the City’s electricity use, no Scope 2 emissions are projected in 2030.
Figure 10: 2030 Emission Reductions from BAU from Buildings and Energy Use Strategies
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4.1.2

Strategy 1: Complete the LED Streetlight Project

The City has approximately 8,340 streetlights that accounted for 32% of the City’s total electricity
use in 2015. The City has been replacing streetlights as part of ongoing efforts and currently
approximately 10% of streetlights are LEDs. Under this strategy, the City will complete the retrofit of
its streetlighting infrastructure with LEDs, including the retrofit of up to 8,000 total luminaires (i.e.,
light fixtures) by 2026. The GHG emission and electricity reductions in 2030 reported below.
Table 5: Completion of LED Streetlight Project Metrics in 2030 (Reductions from BAU)

GHG Emission Reductions
1,292 MT CO2e

Electricity Reductions
3,955,937 kWh

Implementation
Timeframe

LED streetlighting retrofits are currently in progress and expected to be
complete by 2026. The City is conducting a streetlighting inventory in
2020-2021.

Relative Cost of
Implementation

Low. LED retrofits are cost-effective as they use less electricity and
have longer life spans.

Approach

The City conducted a survey of existing streetlights to estimate the
total number of remaining lights to be retrofitted. Energy savings were
projected from upgrading existing luminaires to new energy efficient
LEDs.

Key Assumptions

Exact counts and wattage of existing infrastructure were estimated
based on survey data and conversations with City staff. Total hours of
operation were assumed to be 4,300 hours a year as an estimate of
photocell activity.
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4.1.3
Strategy 2: Retrofit Existing Facilities with Energy
Efficiency Upgrades
Under this strategy, the City will retrofit all applicable existing City facilities (i.e., occupied spaces) to
improve energy efficiency and decrease building energy demand. The City has already upgraded
HVAC systems and lighting throughout its facilities to reduce energy use. ASHRAE Level II energy
audits were recently conducted at three major facilities representing a large portion of the City’s
building energy consumption: Department of Public Works Complex, Municipal Annex, and William
Tally Recreation Center. The energy conservation measures and potential savings from these audits
were extrapolated and applied to the City’s full portfolio of applicable buildings.
While the upfront costs of building retrofits can be significant, the reduction opportunities identified in
the existing energy audits point to substantial savings and payback periods between 3 and 6.5 years
while realizing energy and GHG savings as well as improved occupant comfort. The following tables
describe key metrics and details about this strategy.
Table 6: Retrofitting Existing Facilities Project Metrics in 2030 (Reductions from BAU)

GHG Emission Reductions
719 MT CO2e

Electricity Reductions
2,072,666 kWh

Natural Gas Reductions
785 MMBTU

Implementation
Timeframe

Implementation will begin immediately (2021). By 2030, 100% of
applicable existing City buildings will be retrofitted.

Relative Cost of
Implementation

Medium. Many energy efficiency measure will be cost-effective,
however, to reach deeper energy efficiency retrofits, longer payback
measures will need to be adopted.

Approach

The energy conservation measures and savings potential from the
City’s existing energy audits were extrapolated and applied to the
City’s full portfolio of applicable buildings.

Key Assumptions

➢ The three City facilities with existing energy audits—the Municipal
Annex, Talley Recreation Center, and Department of Public Works
Complex—will be the first facilities to be retrofitted.
➢ One facility will be retrofitted each year for the first three years of
implementation for the buildings with existing audits.
➢ After these three buildings are retrofitted, buildings will be
retrofitted until full implementation is reached in 2030. Starting in
2023, implementation will occur linearly until all remaining
applicable existing buildings are retrofitted in 2030.
➢ Electricity and natural gas gains from retrofits are expected to be
33% and 7%, respectively. Efficiency gain assumptions were
developed using energy reduction data provided in the City’s
energy audits.
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4.1.4

Strategy 3: Install On-Site Renewable Energy

This strategy includes the implementation of solar ground-mount and rooftop projects at various sites
on City property. The City of Frederick has already considered on-site renewable energy projects by
conducting feasibility analyses on ground-mount solar photovoltaic (PV) installations throughout the
City. On-site renewable energy generation offers the City an opportunity to reduce GHG emissions
through purchasing less energy from local electricity suppliers and thereby increasing the amount of
renewable energy with respect to total power supply. Although a comprehensive GHG emission and
electricity reduction analysis requires additional data (including an official implementation plan), the
estimates presented here are based on the likelihood of installations at various City sites.
Table 7: On-Site Solar Energy Project Metrics in 2030 (Reductions from BAU)

GHG Emission Reductions
582 MT CO2e

Electricity Reductions
1,781,924 kWh

Implementation
Timeframe

Implement the first on-site project by 2022. Complete solar installations
by 2030. Projects will likely be completed through two agreements, a
ground lease agreement and an on-site power purchase agreement
(PPA). Through these agreements, a third party will own and maintain
the solar PV project and supply power to City facilities.

Relative Cost of
Implementation

Low. Onsite solar PPA prices should be competitive with conventional
power prices, especially when adequate space for solar PV can be
found and while net metering is active.

Approach

ICF estimated the amount of energy generated by on-site renewable
energy installations by applying electricity emission factors to the
aggregated generation installed at several selected City sites.

Key Assumptions

Values for solar PV system capacity, project locations, and
degradation rates are based on data from the National Renewable
Energy Lab (NREL).
Installation of solar will occur at the following sites:10
➢ Parking Garage #1 in 2022
➢ Parking Garage #2 in 2024
➢ DPW Main Building Rooftop in 2028, and
➢ DPW (Rooftop 2&3) in 2030.

10

The following sites were considered as potential locations before final locations were selected: DPW Main Building
Rooftop (402kW), DPW (Rooftop 2&3) (193 kW), Parking Garage #1 (403 kW), Parking Garage #2 (424 kW), Talley
Center Roof (85 kW), DPW Ground Mount #1&2 (~9,000 kW), Wastewater Treatment Plant Ground Mount (2,102
kW), and Stadium Ground Mount (1,327 kW).
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4.1.5

Strategy 4: Adopt a Green Building Policy

Under this strategy, the City will implement an updated green building policy applicable to all newly
constructed City-owned buildings that prioritizes zero emissions after construction. It is assumed that
new buildings will be both highly efficient and use electricity as their only fuel.
Table 8 below presents the anticipated GHG emission and natural gas use reductions in 2030 from
the implementation of a green building policy based on the amount of natural gas projected to be
consumed in 2030.
Table 8: Green Building Policy Metrics in 2030 (Reductions from BAU)

GHG Emission Reductions

Natural Gas Reductions

Increased Electricity Use

99 MT CO2e

1,887 MMBTU

4,534 kWh

Implementation
Timeframe

The City plans to implement a green building policy in 2021.

Relative Cost of
Implementation

Low. Most green building standards put an emphasis on costeffectiveness and provide savings and benefits that offset higher initial
costs.

Approach

To estimate potential energy savings from the implementation of a
green building policy, natural gas use was held constant at 2020 levels
through 2030, assuming no new City buildings will use natural gas
after 2020. Next ICF determined the savings by comparing the static
natural gas use to the baseline scenario of growth in natural gas use. It
was assumed that no additional use of natural gas will occur beyond
what is projected through 2020 with the implementation of a green
building policy as this policy would favor electrification of heating and
other uses of natural gas in new buildings. The additional electricity
demand will be accounted for in the quantity of RECs purchased by the
City.

Key Assumptions

The City will not use additional natural gas for heating and other uses
under the implementation of a green building policy.
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4.1.6

Strategy 5: Adopt an Environmental Purchasing Policy

Under this strategy, the City will increase the purchase of ENERGY STAR-certified appliances and
office equipment for use in City facilities. ENERGY STAR-certified appliances and equipment are
more energy efficient than conventional appliances, leading to improved energy efficiency and
decreased building energy demand. While the City already has an environmental purchasing policy
in place, compliance has been limited to an estimated 60% of equipment and appliance purchases.
Renewed enforcement of the policy will increase compliance, for instance, by requiring review and
approval of all equipment and appliance purchases by an energy or facility manager. This can be
implemented quickly and at low to no incremental capital cost to the City.
Table 9: Environmental Purchasing Policy Metrics in 2030 (Reductions from BAU)

GHG Emission Reductions
2 MT CO2e

Electricity Reductions
5,521 kWh

Implementation
Timeframe

Immediate (2021)

Relative Cost of
Implementation

Low. ENERGY STAR-certified appliances provide energy savings with
little to no additional cost, and a significant portion of conventional City
appliances are already energy efficient.

Approach

The amount of electricity used by appliances in buildings each year
through 2030 was estimated by taking the electricity used in occupied
spaces (e.g., City offices) and applying an appliance load. Next, the
amount of electricity eligible for energy efficiency gains from the purchase
of ENERGY STAR appliances was determined based on the portion of the
appliance load that already uses ENERGY STAR appliances (about 60%).
An equipment lifetime value was applied to estimate the number of
appliances purchased each year. Finally, an efficiency gain factor was
applied to determine the electricity use reductions from the purchase of
environmentally preferred products.

Key Assumptions

➢ The appliance load as a percentage of total building electric load is
10%, based appliance load data from the City’s energy audits.
➢ ENERGY STAR-certified appliances result in a 22% electricity
efficiency gain from conventional appliances, based on data from
ENERGY STAR on appliances11 and office equipment.12
➢ 60% of appliances currently purchased are ENERGY STAR-certified
appliances, based on data from the City’s energy audits.
➢ Equipment has a lifetime of 10 years.

11

ENERGY STAR. Energy Efficient Appliances. Available at: https://www.energystar.gov/products/appliances.
ENERGY STAR. Energy Efficient Office Equipment. Available at:
https://www.energystar.gov/products/office_equipment.
12
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4.1.7

Strategy 6: Purchase Renewable Energy Credits (RECs)

Under this strategy, the City will purchase RECs from national renewable energy projects.
Purchasing RECs to cover 100% of the City’s electricity use will reduce the City’s emissions from
purchased electricity to zero by including a substantiated claim that the purchased electricity is from
a zero emissions renewable source.
While the City of Frederick is already set to begin purchasing RECs in 2020, in the future it may
benefit from a deeper and longer-term commitment to renewable energy in the form of an off-site
power purchase agreement (PPA) to source renewable energy. Off-site PPAs are 15- to 25-year
commitments to purchase electricity from a specific utility scale renewable energy project. Entities
enter PPAs to provide financial backing for a new regional solar or wind (or other renewable energy
source) project that will provide power and regional RECs at a price comparable to or lower than the
current cost of electricity. The City of Frederick’s existing RECs are sourced from national renewable
energy projects and provide little local benefit to the City of Frederick outside of their reduction of
reported purchased electricity emissions. An off-site PPA and regional renewable energy project has
the potential for numerous direct local benefits, including an influence on GHG emissions in the
regional electricity grid, improved air quality, local economic benefits, and lower costs.
Table 10 below presents the GHG emission and electricity reductions from the purchase of RECs in
2030 based on the amount of electricity projected to be consumed in 2030 after other electricity
reductions from other mitigation strategies are taken into account.
Table 10: REC Purchasing Project Metrics in 2030 (Reduction from BAU)

GHG Emission Reductions
7,090 MT CO2e

Electricity Reductions
21,714,635 kWh

Implementation
Timeframe

The City began purchasing RECs to reduce 100% of its annual
electricity use emissions starting in late 2020.

Relative Cost of
Implementation

Medium. The City of Frederick is currently purchasing RECs at an
additional cost beyond the cost of electricity to purchase the
environmental attributes associated with renewable energy generation.
In the future, a bundled product with RECs and energy may prove
more cost effective and potentially cost neutral.

Approach

The City will purchase RECs equal to total purchased electricity use,
after accounting for the other reduction strategies. This will reduce all
reported emissions from purchased electricity.

Key Assumptions

REC purchases will cover 100% of electricity needs beginning in 2020
and for every year thereafter.
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4.1.8

Additional Opportunities to Reduce Energy Use

There are additional opportunities beyond those modeled as part of this analysis that the City could
pursue to further reduce energy use and emissions from buildings, as priorities and resources allow.
These include:
➢ Implement a microgrid pilot project. Microgrids
serve as a platform for multiple facilities and
Microgrid
electricity generation sources to operate in a
A microgrid is relatively small,
connected and coordinated way that are capable of
independently controlled power systems
functioning independent of the larger electricity grid
that can be operated in concert with, or
for periods of time. Entities pursue microgrids to
apart from, the local distribution and
improve the resiliency of critical buildings and
transmission system.1 Microgrids can
run on renewables, natural gas-fueled
facilities and to integrate distributed energy
turbines, or emerging fuel sources. They
resources, such as solar PV systems, combined
also improve energy resilience.
heat and power systems, and battery systems
together. Microgrids are often powered by
renewable or cleaner electricity sources that can help to lower carbon emissions. The City of
Frederick has the potential to pursue a microgrid at its downtown administrative offices in
cooperation with other entities, or near the Airport and Department of Public Works facilities.
➢ Develop LEED or above code green building policy. The City requires that new City
buildings or renovations of existing buildings should be constructed to the Leadership in
Energy and Environmental Design (LEED) Silver level or equivalent to ensure energy
efficiency and improved water quality. The City could pursue growing this program to further
reduce carbon emissions in the short term and to better align long-term investments with
long-term carbon reduction goals. By implementing a new and more stringent green building
policy, the City will realize additional co-benefits. Any new policy should include local input,
however possibilities for new building policies include a broader LEED commitment (LEED
Gold or Platinum), Green Globes, Zero Energy Building Standards, or Passive House. Policy
suggestions for existing buildings or major renovations include LEED EB O&M, International
Green Construction Code (IgCC), and Energy Star Certification.
➢ Develop an energy accountability program for employees. While many large energy and
emission-reducing activities require capital investments, employees and building occupants
can have a significant impact on their building and vehicle energy use. Many organizations
have developed energy and emissions education programs that help reduce employees’
environmental impacts. Programs are best tailored to high impact activities such as nighttime
shutdown procedures of HVAC and lighting systems, temperature settings in facilities as well
as crossover ideas that support reducing energy use at employee homes. Human behavior
has a significant impact on energy use and plug loads are primarily influenced by building
tenants, consuming roughly 30% of energy use in buildings.
➢ Electrify heating in all City buildings. As the City of Frederick pursues strategies to clean
its electricity supply, it may consider opportunities to explore further electrification of its
building’s heating sources (e.g., heat pumps). Heat pump technology has made significant
gains in recent years allowing for small and medium sized buildings to replace or supplement
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fossil fuel-based building systems that burn either natural gas or fuel oil. In the short term,
the City of Frederick may consider pursuing heat pump systems including geo-exchange
ground source heat pumps and variable refrigerant flow systems at smaller facilities to better
understand the opportunities that thermal electrification may provide for its facilities.
➢ CHP at City facilities. The City of Frederick is already a leader in wastewater management,
demonstrated by how it powers its main wastewater treatment plant with an efficient
combined heat and power (CHP) project. The CHP project collects biogas from the
wastewater and processes it to power and heat operations throughout the plant. Wastewater
treatment plants require large amounts of energy and the City may explore improving the
efficiency of its plant by optimizing biogas generation in the anaerobic digestors and consider
increasing biogas production through opportunities to incorporate co-digestion of food or
other digestible waste streams.

4.2 Transportation
The City currently has several initiatives that will reduce GHG emissions in the transportation sector,
including:
➢
➢
➢
➢

Development and implementation of an electric vehicle plan,
Implementing a public transportation subsidy program for City employees,
Replacing retired vehicles with hybrid vehicles in the City’s Police Department, and
Providing telecommuting opportunities.

Strategies the City can implement to reduce transportation emissions may focus on changes to the
composition of its vehicle fleet or reduction of vehicle miles traveled (VMT) by City-owned vehicles
and employees commuting to work at the City. VMT reduction includes the use of alternative modes
of transportation such as carpooling, biking, or walking. While extensive internal VMT reductions
may not be possible, externally focused strategies that reduce VMT by residents and workers
throughout the City can also help reduce congestion and therefore emissions.
After reviewing current initiatives and engaging with City stakeholders, the following strategies were
selected for inclusion in the CAP:
1. Electrify the City fleet,
2. Adopt a hybrid replacement program, and
3. Expand telecommuting opportunities.
The estimated emission reductions from these transportation strategies are layered (i.e., modeled in
order of assumed implementation) such that electrifying the City fleet is assumed to be implemented
first and the hybrid replacement program is implemented second. The following sections describe
each transportation strategy included in this plan.

4.2.1
Overall Reductions from Transportation Sector
Strategies
The three transportation sector strategies of electrifying the city fleet, adopting a hybrid replacement
program, and expanding telecommuting opportunities will reduce the City government’s overall GHG
emissions by 457 MT CO2e in 2030, a 5% reduction from 2015 levels. Figure 11 shows the emission
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reductions from implementing these strategies for the transportation sector (14% reduction from
2030 BAU scenario).
Figure 11: Transportation Sector BAU and Mitigation Scenario Emissions in 2030

The strategy with the largest GHG reduction opportunity in 2030 is implementation of a hybrid
replacement program, reducing emissions by 355 MT CO2e in 2030 from the baseline scenario,
followed by expanding employee telecommuting opportunities, reducing 59 MT CO2e, and electric
vehicle adoption, reducing 44 MT CO2e. Emission reductions from transportation mitigation
strategies account for 6% of total emission reductions in 2030 from mitigation strategies included in
this plan. The emission reductions from each mitigation strategy in 2030 are shown in Figure 12
below.
Figure 12: Emissions Reductions in 2030 from Transportation Mitigation Strategies
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4.2.2

Strategy 7: Electrify the City Fleet

Under this strategy, the City will increase the adoption of electric vehicles for its fleet. Electric
vehicles (e.g., all electric or plug in hybrid vehicles) are the preferred option for vehicle
replacements, followed by hybrid models. Where electric vehicles or hybrids are not feasible due to
the purpose of the vehicle or cost or technology constraints, the City should purchase the most
efficient vehicle possible.
This strategy will reduce the number of gasoline-powered passenger vehicles and light-duty trucks in
the City’s on-road vehicle fleet and increase the number of zero emission vehicles. This strategy
includes a target of 5% electric vehicle (EV) adoption for on-road City passenger cars by 2030 and
15% EV adoption for City passenger cars and 5% EV adoption for City light-duty trucks by 2040.
This strategy could be accelerated to achieve further reductions as resources and available
technology allow—for example, expanding to medium- or heavy-duty vehicles.
Table 11: Fleet Electrification Strategy Metrics in 2030 (Reductions from BAU)

GHG Emission
Reductions
44 MT CO2e

Motor Gasoline
Reductions
8,337 gallons

Diesel Reductions
28 gallons

Increased Electricity
Use
92,550 kWh

Implementation
Timeframe

Implementation of this strategy will begin immediately (2021) and occur
over the next 30 years. By 2025, electric vehicles should comprise 5%
of the City’s fleet. By 2040, electric vehicles should comprise 15% of
the fleet.

Relative Cost of
Implementation

Medium. Electric vehicles are currently more expensive than vehicles
with internal combustion engines.

Approach

The City developed an EV adoption plan for on-road passenger
vehicles and light-duty trucks that aims to transform a significant
portion of the City fleet into zero emission vehicles by 2050.

Key Assumptions

➢ 5% EV adoption of on-road City passenger cars by 2025, 15%
by 2040, and 30% by 2050, and
➢ 5% EV adoption of on-road City light-duty trucks by 2040, and
15% by 2050.
➢ Emissions from all additional electricity use by electric vehicles
will be reduced through the purchase of RECs.
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4.2.3

Strategy 8: Adopt a Hybrid Replacement Program

Under this strategy, the City will purchase hybrids to replace vehicles in the City fleet as they are
retired, if they are not eligible for replacement with EVs. This strategy will reduce the amount of
gasoline consumed by the City fleet. The City’s Police Department already has a hybrid replacement
program that aligns with the program described by this strategy. As part of the strategy, all gasoline
passenger cars and a portion of light trucks will be replaced with hybrids within the next seven years
(by 2027).
Table 12: Hybrid Replacement Program Strategy Metrics in 2030 (Reductions from BAU)

GHG Emission Reductions
355 MT CO2e

Motor Gasoline Reductions
34,614 gallons

Implementation
Timeframe

The City will begin implementation immediately (2021) and implement
this strategy over the next 7 years. By 2027, all passenger vehicles
and some light trucks will be replaced with hybrid vehicles.

Relative Cost of
Implementation

High. Hybrid vehicles are currently more expensive than vehicles with
internal combustion engines, particularly under a quick replacement
schedule.

Approach

Under this strategy, it is assumed that the City will develop an
aggressive hybrid adoption plan for passenger cars and light-duty
trucks for those not replaced with electric vehicles. In addition, a large
portion of the Police Department’s light-duty trucks (i.e., Ford
Interceptor) will be converted into hybrids. This strategy will increase
overall fuel efficiency of the fleet, decreasing overall fuel consumption
with no additional increase in electricity usage.

Key Assumptions

➢ Passenger car and light-duty truck (i.e., Ford Interceptor Police
vehicles) hybrid adoption rate of 14.3% per annum until 2027.

34

REDUCING GHG EMISSIONS

4.2.4

Strategy 9: Expand Telecommuting Opportunities

This strategy includes expanded opportunities for telecommuting for City employees. As a result of
shifts in workforce commuting patterns from the COVID-19 pandemic, the City is already considering
some procedures and processes to improve telecommuting opportunities. This strategy can reduce
GHG emissions by reducing the daily need for employees to commute to work, typically by private
passenger vehicles.
Table 13: Telecommuting Strategy Metrics in 2030 (Reductions from BAU)

GHG Emission Reductions
59 MT CO2e
Implementation
Timeframe

Motor Gasoline Reductions
7,205 gallons

The City will implement the updated telecommuting policy in 2022 and
each year thereafter (i.e., after impacts of COVID-19 are assumed to
subside).
As a result of the COVID-19 pandemic, the City has seen increased
levels of telecommuting in 2020 and expects this trend to occur
through 2021. This strategy reflects the City allowing 10% of the total
workforce to telecommute each year after the resolution of the
pandemic.

Relative Cost of
Implementation

Low. Telecommuting requires few costs by the City.

Approach

ICF calculated changes in VMT based on 2020 government
telecommuting survey data. With the general success of
telecommuting during the COVID-19 pandemic, the City anticipates
that it will become more common in future work.

Key Assumptions

➢ 52% of all City employees telecommuted in 2020 due to the
pandemic.
➢ 52% of all City employees will telecommute for half of 2021
due to the pandemic.
➢ 10% of all City employees will telecommute from 2022
onwards.
➢ Emission reductions from reduced employee commuting as a
result of COVID-19 in 2020 and 2021 are not included in
emission reduction totals and are captured in the BAU
scenario.
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4.2.5
Additional Opportunities to Reduce Transportation
Emissions
The City could pursue additional GHG reduction opportunities to achieve further GHG reductions in
this sector, as priorities and resources allow. Opportunities include:
➢ Convert the City fleet to other alternative fuel vehicles. As the City of Frederick pursues
strategies to reduce emissions in its fleet, there will opportunities to explore alternative fuel
vehicles and supporting infrastructure not already targeted by City mitigation strategies (i.e.,
electrification of the fleet). In addition to electrification, the City may have other options to
implement alternative fuel vehicles, including compressed natural gas, biodiesel, and
ethanol, among others. The use of such vehicles will require the accompanying infrastructure
to supply alternative fuels and maintain vehicles with technologies different than internal
combustion engines (ICE).
➢ Reduce idling in City vehicles to conserve fuel. The City could encourage City employees
to adopt driving behavior that reduces fuel consumption in City-owned vehicles, such as
limiting idling. The City could set an idling limit of 5 minutes where possible (i.e., excluding
emergency and ineligible City vehicles) for City vehicles. Additionally, the City could provide
educational opportunities or materials for employees on other efficient driving behaviors,
such as combining trips and limiting stop-and-go driving. This action would reduce fuel use in
City vehicles.
➢ Purchase an electric Downtown Circulator bus. The City has recently considered the
purchase of a Circulator bus. Instead of purchasing an ICE bus, the City could purchase an
electric bus instead to reduce GHG emissions from City operations. This action would
contribute to transitioning to electrification of City-owned vehicles, supporting strategies
included in the Plan.
➢ Accelerate goals for current strategies. By developing more aggressive programs and
policies in the transportation sector, the City can reduce more GHGs more quickly. For
example, if the City were to adopt electric vehicles at double the rate modeled as part of this
Plan (i.e., 10% of passenger cars in the City’s fleet would be electric vehicles by 2025, and
30% and 10% of the passenger cars and light-duty trucks, respectively, in the City’s fleet will
be electric vehicles by 2030), the City would reduce 69 MT CO2e in 2030, nearly double the
35 MT CO2e of reductions that will be achieved with current goals.
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4.3 Waste and Other Sector Activities
While this CAP focuses mostly on the building energy and transportation sectors, the City identified
other strategies that could further reduce the City’s GHG emissions. These include:
➢ Phase out the use of HFCs. The City does not currently measure fugitive emissions from
leakage of refrigeration and HVAC equipment due to lack of available data. However,
refrigerants are potent greenhouse gases and therefore phasing them out represents an
opportunity to limit or reduce future emissions in City buildings.
➢ Encourage waste recycling and diversion in City operations. The City could implement
education and other programs to reduce waste generation by City operations. Strategies to
reduce waste generation in City facilities include:
 Expand the City’s environmental purchasing policy to focus on reduced packaging,
recycled content products, and other environmental attributes.
 Enhance the City’s recycling and waste diversion programs and encourage
employee participation through an educational campaign.
 Expand the types of materials that can be recycled through City waste contracts.
 Encourage recycling in construction and demolition projects.
➢ Expand waste diversion programs in the community. The City can work to reduce
emissions from the community waste it hauls by expanding the City’s existing recycling
program and enhancing organic waste diversion programs, including yard waste and food
waste collection programs. This could include developing a centralized composting program
or constructing an anaerobic digestor facility.
➢ Send City waste to a landfill with landfill gas-to-energy recovery. The County landfill that
receives the City’s waste currently flares landfill gas. The majority of waste received at the
landfill is currently sent out-of-state to a landfill that has landfill gas-to-energy recovery.
Recovering landfill gas for energy recovery instead of flaring can offer significant GHG
reduction benefits; therefore, the City can seek to work with the county to ensure waste is
sent to a landfill utilizing this practice. This management practice has a substantial impact on
the City’s GHG emissions from waste.

4.4 Overall Results
Overall, the implementation of the energy and transportation mitigation strategies recommended in
this plan will result in GHG emissions that are 53% lower than 2015 levels in 2030 and 58% lower
than projected 2030 emissions under the baseline scenario. After implementing these GHG
mitigation strategies, the City is projected to emit 7,344 MT CO2e in 2030 compared with BAU
emissions of 17,552 MT CO2e.
Estimated emission reductions from full implementation of the mitigation strategies by sector are
shown in Table 14. Strategies targeting the building and energy use sector account for 96% of GHG
emission reductions compared to the 2030 BAU and transportation sector strategies account for the
remaining GHG emission reductions, shown in Figure 13.
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Table 14: Emissions and Percent Changes by Sector for 2015, 2030 BAU, and 2030 Mitigation Scenario

Sector

Buildings
Stationary Fuels
Purchased Electricity
Occupied Spaces
Unoccupied Spaces
Water Resources
Streetlights
Transportation
On-Road Vehicles
Off-Road Equipment
Employee Commuting
Fertilizer Use
Waste
Waste Disposal
Wastewater Treatment
Total

2015
Baseline

2030 BAU
Scenario

2030
Mitigation
Scenario

Percent
Change
from 2015

Percent
Change from
2030 BAU

9,776
856
8,920
1,654
779
3,635
2,852
2,945
2,123
364
458
29
2,873
2,525
348
15,624

10,492
882
9,611
1,776
672
4,558
2,605
3,265
2,359
324
582
29
3,766
3,476
291
17,552

741
741
2,808
1,960
324
523
29
3,766
3,476
291
7,344

-92%
-13%
-100%
-100%
-100%
-100%
-100%
-5%
-8%
-11%
14%
0%
31%
38%
-16%
-53%

-93%
-16%
-100%
-100%
-100%
-100%
-100%
-14%
-17%
0%
-10%
0%
0%
0%
0%
-58%
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Figure 13: Projected City Government GHG Emissions from 2015 to 2030 with CAP Mitigation Strategies

Emission reductions are presented by strategy in Table 15.
Table 15: Emission Reductions from BAU Levels by Sector and Strategy (MT CO2e)

Sector

2020

2025

2030

Buildings and Energy Use
Strategy 1: Complete LED
streetlight project
Strategy 2: Retrofit existing City
facilities with energy efficiency
upgrades
Strategy 3: Install renewable
energy at City facilities (i.e., solar)
Strategy 4: Implement a Green
Building policy
Strategy 5: Develop
environmentally preferred
purchasing policy

8,710

9,489

9,783

Percent of
Total
Reductions
(2030)
96%

185

1,107

1,292

13%

39

379

719

7%

0

363

582

6%

0

75

99

1%

0

2

2

<1%
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Strategy 6: Purchase Renewable
Energy Credits*
8,487
7,562
7,090
69%
Transportation
0
345
457
4%
Strategy 7: Electrify the City onroad vehicle fleet
0
24
44
<1%
Strategy 8: Adopt a hybrid
replacement program
0
264
355
3%
Strategy 9: Expand telecommuting
opportunities
0
57
59
1%
Total
8,710
9,834
10,240
100%
*Emission reductions from RECs include the additional RECs purchased to account for the
additional electricity use from the green building policy and EV adoption.
The strategy resulting in the largest GHG reductions is the purchase of RECs. This strategy
accounts for 69% of emission reductions in 2030. As a result, the implementation of this strategy will
have a substantial impact on the emission reductions that the City can feasibly achieve. Figure 14
shows City government emissions in 2030 with all mitigation strategies implemented and without
REC purchases for comparison. While REC purchases will reduce GHG emissions from a GHG
accounting perspective, they do not directly reduce the GHG emissions resulting from regional
electricity generation supplied to the City.

Figure 14: 2030 Emissions with and Without the Purchase of RECs
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Other strategies with significant GHG reductions include retrofitting streetlights with LEDs, retrofitting
existing buildings, adding on-site solar, and adopting a green building policy.
After accounting for GHG reductions from mitigation strategies included in this plan, the largest
source of projected emissions in 2030 is solid waste, amounting to 51% of total emissions. Solid
waste emissions are followed closely by transportation emissions, comprising 38% of emissions in
the mitigation scenario.
Table 16: 2030 Greenhouse Gas Emissions by Sector with Mitigation Strategies

Sector
Buildings and Energy Use
Stationary Fuels
Purchased Electricity
Occupied Spaces
Unoccupied Spaces
Water Resources
Streetlights
Transportation
On-Road Vehicles
Off-Road Equipment
Employee Commuting
Waste
Waste Disposal
Wastewater Treatment
Other Sources
Fertilizer Use
Total

Emissions (MT
CO2e)
741
741
2,808
2,285
324
523
3,766
3,476
291
29
29
7,344

Percent of Total
10%
10%
0%
0%
0%
0%
0%
38%
27%
4%
7%
51%
47%
4%
<1%
<1%
100%

By implementing the mitigation strategies outlined in this plan, emissions will be reduced by 58%, or
by 10,208 MT CO2e, to 7,344 MT CO2e compared to 2030 BAU levels of 17,552 MT CO2e. Figure
15 compares 2030 BAU emissions with 2030 emissions after mitigation strategies are implemented.
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Figure 15: 2030 BAU Emissions and 2030 Mitigation Strategy Scenario Emissions with Sector Reductions

Compared to 2015 emissions, GHG emissions for the building and energy use sector will be 92%
lower after implementing GHG mitigation strategies in this plan. This is largely driven by the
reduction of reported emissions from purchased electricity through the purchase of RECs. The
purchase of RECs comprises 7,090 MT CO2e of the total 9,783 MT CO2e emissions reduced in the
buildings and energy use sector, with the remaining 2,693 MT CO2e of emissions reduced through
the remaining energy strategies. Stationary fuel emissions are projected to decrease by 13% in the
2030 mitigation scenario compared to 2015 emissions.
While the actions identified in this CAP are projected to significantly decrease emissions in the
building and energy use sector, the transportation sector is projected to have a smaller emissions
decrease of 5% in 2030 compared to 2015 levels. However, emission reductions from transportation
mitigation strategies are more significant when compared to the projected 2030 BAU emissions with
a 14% reduction.
Emissions from the waste sector are projected to be 31% higher in 2030 compared to 2015 levels.
Higher levels of waste generation from City operations are expected to occur in line with population
growth, driving increased emissions through 2030. Although the overall waste sector emissions are
projected to increase, emissions from wastewater treatment are projected to decrease by 16%
despite an increase in population served by the wastewater treatment plant because of the CHP
facility installed at the wastewater treatment plant in 2016.
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5 Climate Risk Assessment
In addition to efforts to reduce GHG emissions, the City of Frederick is also committed to taking
action to recognize and prepare for the risks that may arise from a changing climate. The Frederick
County Hazard Mitigation Plan (CHMP)–which encompasses the City–identifies key risks
“associated with severe weather events potentially exacerbated by climate change.”13 Historically,
high severe weather risks for Frederick County include flash/river flooding and drought, and mediumhigh risks for the County include extreme heat, snow, and ice. The City is already undertaking
resilience strategies to address these present-day risks, described further below.
Climate change may increase the frequency and/or severity of severe weather-related hazards in
Frederick, including extreme heat, drought, flooding, storms, and extreme winter conditions. ICF
helped develop a climate change risk assessment to understand these future risks and to inform the
development of forward-looking resilience strategies for the City to prepare for future climate
conditions. This section first summarizes projections of how the climate is likely to change in
Frederick over the next thirty years. Then, this assessment describes how the changes in climate
may impact municipal and infrastructure services within the city, including the consequences of
those impacts. This assessment builds off the Metropolitan Washington Council of Governments’
Climate Risk and Vulnerability Assessment.14

5.1 The Climate is Changing
Warming temperatures and more severe extreme weather events are already occurring, and climate
projections reveal these trends are likely to accelerate in the future. The magnitude of local changes
to climate hazards—including extreme heat, drought, flooding, storms, and extreme winter
conditions—over the coming decades will depend on the rate of future global GHG emissions.15 The
following sections summarize how climate hazards are likely to change in the future in the City of
Frederick in the absence of significant global action to reduce GHG emissions.

5.1.1

Extreme Heat Days

The City of Frederick is projected to experience warmer average temperatures over the coming
decades, as well as more frequent and hotter extreme heat days.
More frequent and severe extreme heat days may intensify the Urban Heat Island (UHI)16 effect,
lead to public health and worker safety concerns, and increase energy demand and reduce
efficiency of equipment, among other impacts that are described in the next section. The City of
Frederick already experiences UHI effects, as measured in the City of Frederick Air Temperature
Study, which found that temperatures in the City were significantly higher than temperatures at a

13

Hazard Mitigation Planning Committee (HMPC). 2017. Frederick County Hazard Mitigation Plan (CHMP).
Metropolitan Washington Council of Governments. 2020. Climate Risk and Vulnerability Assessment.
15 In this report, the low-emissions scenario is based on Representative Concentration Pathway (RCP) 4.5 and the
high-emissions scenario is based on RCP 8.5.
16 UHI refers to the phenomenon of more intense heat in an urban area relative to surrounding areas due to factors
such as urban geography, building materials, and reduced vegetation (City of Frederick Air Temperature Study,
2020).
14
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nearby rural site.17 However, this temperature difference was only observed during the daytime,
indicating heat intensified by UHI was not retained overnight under current climate conditions.
Figure 16 shows the projected number of days per year with maximum temperatures exceeding
90°F, 95°F, and 100°F through mid-century.18 The number of days above each threshold is
projected to increase significantly by 2030 and 2050. The magnitude of increase is different
depending on the low- vs. high-emissions scenarios; there is a greater increase in the number of
extreme heat days under the high-emissions scenario and the difference in projections between the
two scenarios grows wider over time.
Figure 16: Number of Days per Year with Maximum Temperatures Exceeding 90°F, 95°F, and 100°F
Historically and in the Future for the City of Frederick, MD (Data taken from NOAA Climate Explorer)
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5.1.2

Drought

Projected shifts in precipitation and temperature associated with climate change will influence the
occurrence of droughts in the future (see Figure 17).
For the past 20 years, most regions in Maryland have primarily experienced conditions of no drought
or short-term abnormal dryness; conditions of moderate, severe, and extreme drought have
occurred less frequently.19 Historic data through 2015 specific to Frederick County shows that the
County experienced two significant drought events over the past two decades: a period of extreme

City of Frederick Sustainability Department. 2020. “City of Frederick Air Temperature Study.”
Historical value is the average of annual values from 1990 to 2010. Projected values for 2030 and 2050 are 20year averages (mean of projected annual values from 2020-2039 and 2040-2059 respectively). Values used to
generate annual number of days are the weighted means of future projected values under high and low emissions
scenarios each year. Data taken from NOAA Climate Explorer for the City of Frederick, MD.
19 National Integrated Drought Information System (NIDIS). 2020. “Drought in Maryland.”
https://www.drought.gov/drought/states/maryland
17
18
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Figure 17: Climate Change and Drought
Risk. Information from Runkle et al., 2017.

drought in 2007, and a dry period including the
“second driest 12 months in Maryland history”
between 2001 and 2003.20
Though annual precipitation levels in the City of
Frederick are projected to marginally increase (by
up to 3 mm annually) by end-of-century,21 climate
models indicate future precipitation will likely be
more variable than it has been in the past.
Additionally, naturally occurring droughts are
projected to continue in the future.22
Ultimately, warmer temperatures and greater
year-to-year precipitation variability are
projected to increase the frequency and severity
of droughts across the Northeast, including
Frederick.23

5.1.3

Flooding

Emissions of heat-trapping greenhouse
gases

Warmer global temperatures

Greater water evaporation, including
increased soil water loss during periods
of low precipitation and extreme heat

Increased risk of droughts

Flash flooding and riverine flooding are the primary flood types of concern in the City of
Frederick. Riverine flooding occurs when runoff of surface water that flows into rivers or streams
exceeds the capacity of the waterways
Figure 18: Projected Percent Change in Annual
and overflows their banks into nearby
Precipitation in the Mid-21st Century, Relative to Late
low-lying areas. Flash flooding is an
20th Century Levels, Under a High Emissions Scenario.
Taken from Runkle et al., 2017.
intense flood of water into an area that is
normally dry, or a fast rise of water to a
pre-specified high flood level in a stream
or creek.24 The Monocacy River and
Carroll Creek watersheds are noted as
areas of high flood risk, with large areas
of land adjacent to the waterways within
the 100-year floodplain.25 The 2019 U.S.
Army Corps of Engineers (USACE)
conducted a study that identified key
areas of concern, causes of flooding,

20

Hazard Mitigation Planning Committee (HMPC). 2017. Frederick County Hazard Mitigation Plan.
National Oceanic and Atmospheric Administration (NOAA). N.d. “Climate Explorer: Frederick, MD.”
22 Runkle, J., K. Kunkel, D. Easterling, B. Stewart, S. Champion, R. Frankson, and W. Sweet. 2017. “Maryland State
Climate Summary.” NOAA Technical Report NESDIS 149-MD, 4 pp.
23 Dupigny-Giroux et al. 2018. “Northeast.” In Impacts, Risks, and Adaptation in the United States: Fourth National
Climate Assessment, Volume II [Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K.
Maycock, and B.C. Stewart (eds.)]. U.S. Global Change Research Program, Washington, DC, USA, pp. 669–742.
doi: 10.7930/NCA4.2018.CH18
24 Federal Emergency Management Agency (FEMA). Wright, James. 2007. “Chapter 2: Types of Floods and
Floodplains” in Floodplain Management: Principles and Current Practices.
https://training.fema.gov/hiedu/aemrc/courses/coursetreat/fm.aspx
25 HMPC. 2017.
21
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and flood mitigation techniques and projects to consider, though the study did not consider future
climate change.26
The study used precipitation data from the U.S. Geological Survey (USGS) Carroll Creek
precipitation gauge, about 1 mile from the project watershed, to model storm impacts in the
watershed. Potential flooding drivers identified include inadequate size of mainline and secondary
stormwater pipes, “emergency spillway” features of stormwater ponds that can move water back into
the full-capacity system, and lack of stormwater quantity management for areas in the watershed
with impervious surfaces, constructed before stormwater management protocols were put in place.
Figure 19: Link Between Climate Change and Changes in Flood Risk. Information from Union of
Concerned Scientists, 2018
More emissions of
heat-trapping
greenhouse gases

Warmer global
temperatures

Warmer
atmosphere holds
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Increased
potential for
heavier rainfall

Increased
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Although annual rainfall is projected to increase only marginally over the next century (Figure 18),27
the Northeast and Maryland regions are projected to experience more precipitation falling in shortduration, high-intensity precipitation events (Figure 19).28 In other words, it may rain less
frequently in the future in Frederick, but when it does rain, it will likely be a heavier rain event.
This projection is visualized in Figure 20; the future models present a larger range of potential
outcomes than the historical models, pointing to a future defined by the possibility of more frequent
heavy precipitation events than the region has historically experienced. More frequent heavy
precipitation events could lead to more flood events.
Figure 20: Number of days per year with precipitation greater than 3 inches, from 1950 to 2100

Overall, the data indicate the possibility of more frequent heavy precipitation events in the future which
could lead to more flooding. Light gray fill indicates historical modeled values. Red and blue fill indicates
the range of future projected values under high and low emissions scenarios, respectively, and the range
is larger than over the historical period. Red and blue lines show the weighted mean of future projected
values under each scenario. Image taken from NOAA Climate Explorer data for City of Frederick, MD.

US Army Corps of Engineers (USACE), Baltimore District. September 4, 2019. “Flood Resiliency Study for the City
of Frederick: Study Progress Review to Mayor and Council.”
27 NOAA Climate Explorer.
28 Dupigny-Giroux et al. 2018; Runkle et al., 2017; HMPC, 2017.
26
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Highly detailed flood risk mapping indicates that the City of Frederick’s flood risk will increase over
the next 30 years.29 For instance, the number of properties currently exposed to a 5% annual chance
flood event is expected to increase by 11% by 2050. The number of properties currently exposed to
a 1% annual chance flood event is expected to increase by 8% by 2050. Importantly, these
calculations take into account factors that are not currently part of the Federal Emergency
Management Agency’s (FEMA’s) flood modeling, such as climate change-driven increases in
precipitation intensity and local adaptation measures.

5.1.4

Storms and Extreme Winter Conditions

The frequency and intensity of extreme storms such as hurricanes, Nor’easters, and
derechos30 are projected to increase due to climate change.31 For example, warming
atmospheric temperatures provide more convective energy for strong thunderstorms, which are also
projected to produce heavier rainfall. Similarly, projections indicate that although the frequency of
hurricanes will likely be similar to today, the number of strong hurricanes (i.e., Category 3 hurricanes
or stronger) is projected to increase through midcentury.32
Additionally, on average, winters in Maryland are projected to warm over the next century. With
projected increases in average temperatures, the annual number of days experiencing minimum and
maximum temperatures below freezing (32°F) are projected to decrease. In turn, cold waves in
Maryland are also projected to become less intense.33 However, extreme cold snaps may
continue to occur concurrent with this warming trend. In recent years, record cold snaps have
impacted the Northeast region, such as during the 2013/14 and 2017/2018 winters. These outbreaks
were linked to weakened “polar vortex” events, when cold air normally confined to the Arctic was
released to the continental United States. Recent research suggests that climate change may cause
more frequent and persistent weak polar vortex events and, in turn, cold weather extremes.34 Some
evidence suggests Arctic warming and sea ice decreases can weaken the polar vortex and drive
more frequent cold weather outbreaks in the northern United States.35 However, these relationships
are only characterized by recent observations and their future behavior remains uncertain.

29

First Street Foundation. 2020. Flood Factor. https://floodfactor.com/city/frederick-maryland/2430325_fsid
Hurricanes and Nor’easters are events with heavy precipitation and strong winds. Derechos are events where an
extended and widespread series of thunderstorms is accompanied by strong winds.
31 Dupigny-Giroux et al. 2018.
32 Dupigny-Giroux et al. 2018.
33 Runkle et al. 2017.
34 For example: Kretschmer, M., D. Coumou, L. Agel, M. Barlow, E. Tziperman, and J. Cohen. 2018. “More-Persistent
Weak Stratospheric Polar Vortex States Linked to Cold Extremes.” Bull. Amer. Meteor. Soc., 99, 49–60,
https://doi.org/10.1175/BAMS-D-16-0259.1.
35 For example: Zhang, Pengfei, Yutian Wu, and Karen L. Smith. 2018. “Prolonged Effect of the Stratospheric
Pathway in Linking Barents–Kara Sea Ice Variability to the Midlatitude Circulation in a Simplified Model.” Climate
Dynamics 50, no. 1 (January 1, 2018): 527–39. https://doi.org/10.1007/s00382-017-3624-y; Overland, James,
Jennifer A. Francis, Richard Hall, Edward Hanna, Seong-Joong Kim, and Timo Vihma. 2015. “The Melting Arctic and
Midlatitude Weather Patterns: Are They Connected?” Journal of Climate 28, no. 20: 7917–32.
https://doi.org/10.1175/JCLI-D-14-00822.1.; Kim, B.-M., S.-W.Son, S.-K.Min, J.-H.Jeong, S.-J.Kim, X.Zhang, T.Shim,
and J.-H.Yoon. 2014. “Weakening of the stratospheric polar vortex by Arctic sea-ice loss.” Nat. Commun., 5, 4646,
doi:https://doi.org/10.1038/ncomms5646.
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5.2 Climate Impacts and Consequences
The changes in climate described above will be felt across sectors, municipal departments, and
populations in the City of Frederick. This section seeks to highlight some of the potential impacts
each sector may face as a result of the projected changes in extreme heat, drought, flooding, and
storms and extreme winter conditions. The discussion pulls largely from the County’s Hazard
Mitigation Plan (CHMP) on historical impacts, Metropolitan Washington Council of Governments’
Climate Risk and Vulnerability Assessment, and expert knowledge of climate risks and criticality of
local government assets and services. Table 17 below provides examples of municipal departments
that could experience climate impacts and consequences to their services within each sector.
Table 17: Sectors and Examples of Municipal Departments that may be Impacted by Climate Change

Sector

Examples of municipal departments that could
experience climate impacts and consequences

Water, sewer, and drainage
Transport

Water & Sewer; Public Works (Operations, Engineering)
Public Works (Operations, Planning, Engineering); Municipal
Airport
Public Works (Operations); Community Action Agency
Communications & IT; Risk, Safety & Compliance

Energy
Information &
Communications Technology
Buildings
Community

5.2.1

Public Works (Planning, Permits, Code Enforcement)
Community Action Agency; Parks & Recreation

Water, Sewer, and Drainage

Flooding is the main hazard of concern for the
water, sewer, and drainage sector. Historically, the
City of Frederick has seen impacts from precipitationdriven flooding to infrastructure in this sector. In
examining recent flooding impacts in the area,
preliminary results from modeling undertaken by the
USACE found that storm-driven flooding can
overwhelm Public Works infrastructure and lead to
localized flooding.36 A historic storm in May 2018 (that
resulted in a State of Emergency Declaration in
Maryland) caused severe flooding along Motter
Avenue, including an apartment complex and the
YMCA, with flood depths in some places as high as 2.7
feet. Additionally, the City’s wastewater treatment plant
was inundated with the significant flooding; the City

Illustrative Potential Consequences to
Municipal Departments
•

•

•

City Services: More frequent
exceedance of capacity of stormwater
infrastructure during storms (i.e.,
reduced functionality of the system).
City Budget: Increased maintenance
expenses, including possible repairs
and replacements to accommodate
more intense precipitation.
Human Health: Overwhelmed drainage
systems can create standing water and
flooding, which can pose both safety
and health hazards and increase the
need for municipal services.

U.S. Army Corps of Engineers (USACE), Baltimore District. September 4, 2019. “Flood Resiliency Study for the
City of Frederick: Study Progress Review to Mayor and Council.”
36

48

CLIMATE RISK ASSESSMENT

asked residents to limit water use as a result, in an attempt to reduce risks of additional overflow.37
The USACE study found that localized flooding along Motter Avenue is potentially caused by
undersized mainline stormwater pipes and secondary stormwater pipes, which can cause runoff to
exit inlets, run down streets, and pond in areas of low elevation. The stormwater pond emergency
spillways can also add water to the stormwater drainage system, and if the system is at capacity,
this additional water leads to ponding as well. The USACE study provides a conceptual-level plan
that the City of Frederick can draw on to begin design and construction for proposed flood mitigation
projects under current climate conditions. These impacts (stormwater infrastructure being
overwhelmed during precipitation events, leading to localized flooding and asset
damage/deterioration) are expected to be exacerbated as climate change is projected to increase
both the frequency and intensity of extreme precipitation.
Extreme heat is less of a concern to the water, sewer, and drainage sector, though impacts
are possible. For example, higher heat may stress electric equipment at pump stations and
treatment plants, which may be a concern for the water and sewer departments (e.g., Sewer
Collection and Maintenance, Wastewater Plant, and Water Treatment Departments). In addition,
higher temperatures can increase production of hydrogen sulfide at wastewater treatment plants,
which corrodes infrastructure and equipment. Higher heat may also lead to low water flows due to
evaporation and drought, which could decrease water treatment efficiency.

5.2.2

Transportation

Extreme heat, flooding, and extreme winter conditions all present challenges to the
transportation system.
Extreme heat can lead to pavement softening or
buckling throughout the transportation system,
ranging from local roads to airport runways.
Projected increases in extreme heat have the
potential to accelerate asset deterioration and
increase costs of maintenance. The proposed 2021
City budget requests $290,000 for general repair
and maintenance services (e.g., crack sealant,
permanent patch asphalt, and concrete/sidewalk
curb repairs).38 These costs may increase in the
future due to the accelerated asset deterioration of
transportation assets from projected extreme heat.

Illustrative Potential Consequences to
Municipal Departments
•

•
•

City Budget: Increased deterioration and
damage to transportation assets, resulting
in increased maintenance costs.
Human Health: Compromised emergency
response / evacuation routes.
Local Economy: Interrupted access to
economic centers and commute routes,
potentially affecting tax revenues.

Flash flooding has directly impacted the City’s transportation system in the past. For example,
thunderstorms led to flooding of major roadways in July 2011 and flash flooding in April 2014 led to
numerous road closures due to high water.39 Flash flooding can directly damage infrastructure (e.g.,

Constantino, Abigail. 2018. “City of Frederick asks residents to limit water use.” https://wtop.com/frederickcounty/2018/05/city-frederick-asks-residents-limit-water-use/
38 City of Frederick Office of the Mayor. 2020. “Amendment to the proposed FY 2021 Budget.”
https://www.cityoffrederickmd.gov/DocumentCenter/View/17955/Mayors-FY-2021-Proposed-Budget-Amended
39 Hazard Mitigation Planning Committee (HMPC). 2017. Frederick County Hazard Mitigation Plan.
37
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pavement or bridge washouts, clogged drainage systems and debris on roadways, scouring,
softened subgrade) and poses a safety risk to those trying to move along the transportation system.
Flash flooding can also block routes for emergency responders during a climate or weather event
and cut off access to public and private facilities. Flooding can also impact Frederick Municipal
Airport by creating unsafe conditions for aircraft takeoff and landing, block access to the facility,
potentially cause water damage to infrastructure, and make maintenance of airfields (e.g., mowing)
more difficult. In the future, the frequency and intensity of extreme precipitation events are projected
to significantly increase,40 which may exacerbate flooding and its impacts on transportation
infrastructure.
Extreme winter conditions present snow and ice hazards, which create unsafe conditions for the
transportation system. Additionally, increased freeze/thaw cycles can increase asset deterioration
and lead to pavement cracking.

5.2.3

Energy

While energy infrastructure is owned and managed
by utilities and not the City, a loss of or interruption
in energy service due to climate impacts can
negatively impact critical City facilities, emergency
response, and vulnerable populations.
Extreme heat is the primary hazard of concern
for the energy sector, though flooding, storms,
and extreme winter conditions can also pose
risks.

Illustrative Potential Consequences to
Municipal Departments
• City Operations: Increased reliance on
backup generators at critical facilities
such as wastewater treatment plants.
• Human Health: Increased reliance on
public services to protect the health and
safety of vulnerable populations during
outages.

•
Extreme heat presents multiple risks to electric transmission and distribution infrastructure,
including increased asset deterioration, decreased system capacity, increased load, and decreased
system reliability.41,42 Together, these impacts increase the chances of a brownout or blackout –
either voluntarily to avoid damage to overheated components, or involuntarily due to such damage
or overloading.43

All non-submersible underground energy infrastructure (in both electric and gas systems) is
vulnerable to flooding damage, such as corrosion and drops in gas pressure, from storms and flash
floods.44 If energy infrastructure is flooded, impacts can range from short-term to prolonged electric
outages and interruptions in gas service.45

40

Dupigny-Giroux et al., 2018; Runkle et al., 2017.
U.S. Department of Energy Office of Policy. Climate Change and the U.S. Energy Sector: Regional Energy Sector
Vulnerabilities and Resilience Solutions. Northeast. 2015.
https://www.energy.gov/sites/prod/files/2015/10/f27/Northeast.pdf
42 Con Edison, ICF, and Lamont-Doherty Earth Observatory. Climate Change Vulnerability Study. 2019.
https://www.coned.com/-/media/files/coned/documents/our-energy-future/our-energy-projects/climate-changeresiliency-plan/climate-change-vulnerability-study.pdf
43 Con Edison, 2019.
44 U.S. Department of Energy Office of Policy. Climate Change and the U.S. Energy Sector: Regional Energy Sector
Vulnerabilities and Resilience Solutions. Northeast. 2015.
https://www.energy.gov/sites/prod/files/2015/10/f27/Northeast.pdf
45 Con Edison, 2019.
41
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Storms with intense wind can also lead to tower and/or overhead line failure, which can lead to
outages and unsafe conditions.46
Extreme winter conditions can lead to the accumulation of ice, which can cause tower or line
failure of the overhead electric system. Ice storms have led to outages in the past, such as a 2014
storm that resulted in over 30,000 Frederick County residents experiencing power outages due to
large amounts of fallen trees and wires.47
Additionally, road salt that is deployed to combat severe winter weather can get washed into
manholes and percolate into the ground, which can cause equipment degradation, electrical arcing,
manhole fires or explosions, and failure of underground assets.48

5.2.4

Information and Communications Technology

Information and communications technology includes
the infrastructure through which information and
communications are delivered (e.g., radio towers,
satellites, and internet and telecom cables) as well as
the services they provide. Impacts due to climate
change include physical impacts such as damaged
infrastructure, as well as municipal operational
impacts such as the ability of responders to
communicate during an extreme weather event.

Illustrative Potential Consequences
to Municipal Departments
• City Services: Interference with dayto-day City responsibilities and
operations.
• Human Health: Compromised ability
to communicate non-emergency and
emergency messages during extreme
weather events.

Extreme precipitation and storms present the
greatest risk to the information and communication technologies sector, though extreme heat
can also present a risk. Extreme precipitation events can interfere with wireless communication by
absorbing frequencies; intense precipitation can pose a risk of flooding to low-lying or underground
infrastructure; increased storm frequency or intensity can pose a risk of damage to above-ground
infrastructure; and increased temperatures can stress equipment and infrastructure, shortening their
life spans.49
While information and communications technology infrastructure are owned and operated by private
utilities, the City can be impacted by the effects of climate on this sector. Climate-based impacts to
the information and communications technology sector can compromise the ability of all City
departments to convey information to each other and the public, which would affect day-to-day
operations and could be a particular pain point when trying to respond to an extreme weather event.

46

Con Edison, 2019.
Staff reports. Frederick News-Post. “More than 30,000 power outages in Frederick County.” February 5, 2014.
https://www.fredericknewspost.com/places/local/frederick_county/more-than-30-000-power-outages-in-frederickcounty/article_d3a7b654-8e60-11e3-889b-001a4bcf6878.html
48 Con Edison (Ibid).
49 Riverside Technology, Inc. and Acclimatise for GSA. Climate Risks Study for Telecommunications and Data Center
Services. 2014.
https://sftool.gov/Content/attachments/GSA%20Climate%20Risks%20Study%20for%20Telecommunications%20and
%20Data%20Center%20Services%20-%20FINAL%20October%202014.pdf
47
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5.2.5

Buildings

For the purposes of this discussion, the buildings sector includes municipal buildings as well as
private buildings. The primary climate hazards of concern for the buildings sector are extreme
heat days and flooding.
Projected increases in the number of cooling degree days50 and extreme heat days may increase
overall electricity usage for cooling to keep interior environments comfortable. This is particularly true
for older buildings, which may not be energy-efficient and/or may have outdated insulation, windows,
and other components that increase the energy needed to regulate interior temperatures. However,
frontline communities may not have air conditioning at home, which can put them at risk to negative
heat-related health impacts. An increase in overall electricity usage for cooling leads to increased
GHG emissions, contributing further to climate change—and thus exacerbating the issue.
Illustrative Potential Consequences to
Municipal Departments
• Human Health: Safety hazards to
building occupants.
• City Budget: Increased costs of interior
climate control; direct damage to
building contents.

The UHI effect exacerbates heat impacts in the City,
especially where there are more building footprints
and hard surfaces and less green infrastructure. This
further contributes to interior cooling needs with rising
temperatures.

Flooding has the potential to directly damage
buildings and their contents while also limiting access
to these facilities and posing a safety hazard to
occupants. The City of Frederick has 797 buildings and structures exposed to a present-day 1%
annual chance flood and 0.2% annual chance flood based on FEMA maps, with a value of $199.4
million (building replacement value, including contents), according to the CHMP. While structures
within FEMA-designated floodplains are required to purchase flood insurance which can offset some
of the cost of damages incurred, these damages can still pose a threat to homeowners and the
economy.51 Short-term flooding52 can destroy common building materials such as carpet, chipboard,
wood flooring, and most residential insulation, and prolonged contact53 can exacerbate damage and
warp walls and wooden structures.54 Health issues arise from the growth of mold and other fungi as
well as from the potential contaminants found in standing floodwaters.55 Further, not all buildings
exposed to flooding will be in these FEMA floodplains and may not hold flood insurance.
Additionally, as noted above, current FEMA floodplains do not reflect projected changes in future
precipitation patterns.
The CHMP identified over 80 public and private critical facilities located in the City, listed below.
Critical facilities were defined by the CHMP as “those that warrant special attention in preparing for a
disaster and that are vital in maintaining community function.” Increased frequency and intensity of

50

Days with average daily temperature above 65°F.
The discussion of the FEMA flood insurance program pertains to privately owned buildings, as municipalities are
generally self-insured.
52 Contact with water for less than 3 days per FEMA’s definition.
53 Contact with water for at least 72 hours per FEMA’s definition.
54 FEMA. 2005. ‘Effects of Long and Short Duration Flooding on Building Materials.” https://www.fema.gov/medialibrary-data/20130726-1712-25045-3320/effects_of_long_and_short_duration_flooding_on_building_materials.pdf
55 FEMA (Ibid).
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flooding events could result in greater disruptions to the public health and safety services provided
by these critical facilities.
Table 18: Public and private critical facilities located in the City, as identified by CHMP

Critical facilities include:
•
•
•
•
•
•

•
•
•

7 fire/emergency medical services stations
3 law enforcement stations
1 library
14 nursing and care facilities
4 post offices
25 public facilities

•

16 public schools
4 radio towers
2 major transportation assets (airport
and MARC station)
5 water treatment plants/wastewater
treatment plants

Additionally, climate impacts may have implications for the Building Department, which administers and
enforces all adopted building and construction codes in the City. Due to its role, the Building Department can
be a key actor in the City’s efforts to increase resilience to climate change; the Department may have the
jurisdiction to adopt and enforce updated or enhanced codes that reflect resilient design standards and best
practices for buildings.

5.2.6

Community

The City of Frederick has an estimated population of 72,244.
An estimated 11.7% of the population is in poverty and
12.3% are over 65 years old;56 as described further below,
these demographic features, among others, can increase an
individual’s sensitivity to climate impacts.
All climate hazards discussed in this report present
serious risks to the community. Populations in the City are
expected to experience impacts due to climate change, and
not only as a consequence of climate impacts to
infrastructure and its services as described above. In turn,
climate change will also affect municipal services designed to
support the community.

Illustrative Potential Consequences to
Municipal Departments
• City Operations: Public health risks to
outdoor workers; increased maintenance
needs for vegetation in public spaces.
• Social Equity: Increased risks to frontline
communities that may already experience
disproportionate impacts due to greater
exposure to climate hazards, limited
access to resources to cope with impacts,
and other factors.
• Frontline communities often include
“people of color, people who are lowincome, who have disabilities, who are
children or elderly, who are LGBTQ, who
identify as women, etc.” (NAACP, 2019).

Extreme heat has a direct impact on public health in the form
of heat illness, stroke, and even death. For example, the
Occupational Safety and Health Administration (OSHA) heat
index guidelines indicate that temperatures from 91°F to
103°F pose a “moderate risk” to outdoor workers,
temperatures from 103°F to 115°F pose a “high risk” to workers, and direct sunlight can add as much as

U.S. Census. “QuickFacts: Frederick city, Maryland.” Accessed June 21, 2020.
https://www.census.gov/quickfacts/fact/table/frederickcitymaryland/PST045219
56
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15°F to heat index calculations.57 The number of days with temperatures above the moderate- and high-risk
worker safety thresholds are projected to increase under both low- and high-emissions scenarios.58
Droughts and high temperatures, by adversely affecting vegetation,59 can also negatively impact outdoor
community spaces. Outdoor spaces that serve a public wellness purpose, such as parks and community
gardens, can be negatively impacted by drought, as vegetation dries up or dies. In addition, trees that offer
critical shade in urban environments may require increased maintenance needs in a hotter environment with
more frequent droughts.
Additionally, as discussed above, flooding can pose a threat to public safety and limit the movement of
emergency responders and other critical services.
Figure 21: Equity Emphasis Areas (orange) in City of
The increased intensity of extreme conditions and
Frederick. Map courtesy of MWCOG:
storms in the winter can similarly impact navigability
http://gis.mwcog.org/webmaps/tpb/clrp/ej/
(e.g., by causing roads and bridges to ice over or by
snowing people in).
It is important to consider and address the uneven
impacts that climate change has across the
community. Figure 21 highlights Equity Emphasis
Areas (as defined by the Metropolitan Washington
Council of Governments) in the City of Frederick.
There areas are “small geographic areas that have
significant concentrations of low-income, minority
populations, or both.”60 Frontline communities,
particularly in Equity Emphasis areas, likely face
higher levels of vulnerability to climate change.61
For example, people with underlying health
conditions, the young, and the elderly face elevated
risks to extreme heat. Lower-income households
have fewer resources to cope with damages due to
extreme events, limited resources during
evacuations, or increased electric bills during extreme
heat events. The elderly, people with disabilities, and
people with English language barriers face elevated
obstacles to receiving emergency and pre-disaster
warnings and evacuation orders. People who face
greater exposure to the outdoor environment, such as
due to their occupation or to homelessness, are also at higher risk of being physically impacted by intense
OSHA. N.d. “Using the Heat Index: A Guide for Employers.” https://www.osha.gov/SLTC/heatillness/heat_index/
OSHA. N.d. “Using the Heat Index: A Guide for Employers.” https://www.osha.gov/SLTC/heatillness/heat_index/
59 City of Frederick. 2018. “The Urban Forests of Frederick, Maryland in a Changing Climate.”
https://www.cityoffrederickmd.gov/DocumentCenter/View/11421/urban-forests-for-changing-climate
60 Metropolitan Washington Council of Governments (MWCOG). 2020. “Equity Emphasis Areas for TPB’s Enhanced
Environmental Justice Analysis.” https://www.mwcog.org/transportation/planning-areas/fairness-andaccessibility/environmental-justice/equity-emphasis-areas/
61 NAACP Environmental and Climate Justice Program. 2019. “Our Communities, Our Power: Advancing Resistance and
Resilience in Climate Change Adaptation - Action Toolkit.”; Roos, Michelle, and E4 Strategic Solutions. 2018. “Climate Justice
Summary Report.” California’s Fourth Climate Change Assessment; Georgetown Climate Center. 2017. “Opportunities for
Equitable Adaptation in Cities: A Workshop Summary Report.”
57
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heat, flooding, and winter events.62 For example, navigability impacts of increasing extreme winter conditions
and storms may pose a greater threat to people who face greater exposure to the elements (e.g., outdoor
workers, the homeless). And incarcerated persons have little control over their physical environment and
living conditions.

62

Ebi, K.L., et al. Human Health. In Impacts, Risks, and Adaptation in the United States: Fourth National Climate Assessment,
Volume II [Reidmiller, D.R., C.W. Avery, D.R. Easterling, K.E. Kunkel, K.L.M. Lewis, T.K. Maycock, and B.C. Stewart (eds.)].
2018. U.S. Global Change Research Program, Washington, DC, USA, pp. 539–571. doi: 10.7930/NCA4.2018.CH14
https://nca2018.globalchange.gov/chapter/14/;
Yuen, Tina et al. Guide to Equitable, Community-Drive Climate Preparedness Planning. 2017.
https://www.usdn.org/uploads/cms/documents/usdn_guide_to_equitable_community-driven_climate_preparedness_high_res.pdf
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6 Enhancing Climate Resilience
Climate change resilience strategies range from investing in physical measures, to planning for future
climate conditions, to ensuring policies and regulations utilize forward-looking climate projections, among
many others. The City is already taking the following actions to build resilience:
➢ The City is investigating built and nature-based physical resilience measures, such as urban tree
canopy options63 for increased shading on hot days and stormwater infrastructure upgrades for flood
protection.64 The planning and design of these measures could benefit from consideration of future
climate change projections.
➢ The City has taken initial steps to incorporate high-level climate change considerations into longterm planning, including in the 10-year Strategic Plan and 20-year Comprehensive Plan. The City’s
Strategic Plan’s Sustainable Urban Planning goal acknowledges the need to plan to combat climate
change.65 The 2020 Comprehensive Plan includes an environmental sustainability policy for
resiliency to climate change and other emergencies.66
The following are recommendations to further enhance the resilience of the City under a changing climate,
taking into account the climate risk assessment above.

6.1 Overview of Resilience in Municipal Decisions and
Activities
Building resilience to climate change is best accomplished through a multi-faceted approach that embeds
climate change considerations into the City’s operations,
Social Equity & Resilience
processes, and decision-making. The climate risk assessment
It is important to consider social equity
illustrates the potential far reach of climate consequences
when planning and implementing
across municipal departments and the services they provide to
resiliency strategies because members
the community. As such, departments across the City will need
of the community will experience
to understand and prepare for climate risks to ensure that
climate change impacts unevenly.
municipal decisions and services continue to support a safe and
Municipal plans and operations can
vibrant Frederick under a changing climate. This approach
proactively address systemic inequities
directly supports the City’s 2020 Climate Emergency
by considering both communities at
Resolution, which commits to considering all significant actions
greatest risk and distribution of
through the lens of climate change.
resources related to climate resilience.
The overall resilience goal is to integrate climate resilience
considerations into all relevant municipal decisions and activities.
Climate resilience is relevant to municipal decisions and activities ranging from comprehensive planning to
annual budgeting. Figure 22 categorizes an illustrative sample of plans, programs, and codes at the City
level that could provide opportunities to formally integrate climate resilience (the figure also calls out the

City of Frederick. 2009. “A Report on the City of Frederick’s Existing and Possible Urban Tree Canopy.”
https://www.cityoffrederickmd.gov/DocumentCenter/View/1414/2009-Tree-Canopy-Assessment-Report?bidId=
64 US Army Corps of Engineers (USACE), Baltimore District. September 4, 2019. “Flood Resiliency Study for the City of
Frederick: Study Progress Review to Mayor and Council.”
65 City of Frederick. 2019. “CommUNITY 2030: A Ten Year Strategic Plan for the City of Frederick, Maryland.”
https://www.cityoffrederickmd.gov/DocumentCenter/View/17606/20191219-Strategic-Plan-Master-Doc
66 City of Frederick. 2020. “2020 Comprehensive Plan Progress.” https://www.cityoffrederickmd.gov/1432/2020Comprehensive-Plan-Progress
63
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County Hazard Mitigation Plan, which the City contributes to). A summary of how all these example plans,
programs, and codes could incorporate climate resilience is provided in Appendix B.
Importantly, while municipal decisions and activities are often guided by formally adopted documents such
as those listed in Figure 22, building climate resilience must start within the municipal processes that
develop those documents and carry through to the implementation/execution of the plans, programs, and
codes. The following sections provide specific resilience recommendations for consideration during the
development and implementation of overarching plans, land management planning, and capital planning.
Figure 22: Examples of the City of Frederick’s Plans, Programs, and Codes that could be Enhanced with Climate
Resilience Considerations

6.2 Overarching Planning and Implementation
To prepare for the long-term nature of climate change impacts across a range of sectors, overarching
planning is a critical entry point for climate resilience considerations because the process is forward-looking
and reaches across various departments and sectors.
The Comprehensive Plan and Strategic Plan serve as overarching planning documents for the City. The 20year Comprehensive Plan establishes policy goals related to development and the 10-year Strategic Plan
establishes strategic goals related to government initiatives to support the community vision (Table 19).
Table 19: Summary of terminology used in the Comprehensive Plan and Strategic Plan. In the near-term and
medium-term, climate resilience considerations could be considered in the actions for implementation. As the
plans as revised over time, climate resilience considerations could be considered to inform development of the
high-level targets.

Overarching plan

High-level targets

Actions for implementation

Comprehensive Plan

Policy goals

Policy’s implementation measures
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Strategic Plan

Strategic goals

These policy and strategic goals are operationalized through city
budgets and other focused plans and initiatives, which in turn
shape priorities within day-to-day work across departments over
the coming years (Figure 23). For example, one of the
transportation policy goals in the Comprehensive Plan is to
“…coordinate the phasing of development with transportation
capacity and improvements.” Measures identified to implement
this policy include: updates to the Engineering Department’s
Manual of Standard Details for Construction; coordination among
the Planning and Engineering Departments on the timing of
infrastructure improvements; establishment of a monitoring
mechanism in the capital budget process; and others. While the
policy goal is high-level, it helps guide more detailed activities
related to construction standards and capital planning.

Strategic initiatives

Figure 23: Visualization of Impact of
Overarching Plans on City Budgets,
Focused Plans, and Day-to-Day Work

While the development of the City of Frederick’s Comprehensive
Plan is near complete in 2020 and the Strategic Plan was recently
adopted in 2019, the implementation of these plans can serve as
entry points for climate resilience considerations in the near- and
medium-term, because the plans provide a high-level overview of priority implementation measures and the
responsible parties.
It is recommended that the City apply a climate change lens to the implementation of the policies
and strategic initiatives identified in these plans, in order to systemically incorporate climate
resilience across the City’s priorities. This lens includes addressing:
➢ Potential climate risks: Without thoughtful planning for changing climate conditions, the
implementation of some measures that support the policies and strategic goals might not contribute
to the desired outcomes. Furthermore, implementation might exacerbate climate impacts and
consequences to the City.
➢ Potential climate resilience opportunities: Implementation of measures that support the policies
and strategic goals will not be directly impacted by changing climate conditions, but presents a lowregrets opportunity to strengthen the resilience of the City. As such, resilience could be a co-benefit
with minor modifications to the implementation of the measure.
Examples of climate risks and resilience opportunities for policies within the Comprehensive Plan are
provided in Figure 24 below. If time and resources are limited in the near-term to implement this
recommendation, it is suggested that the City begin by addressing the climate risks to policy implementation
measures, with particular attention to climate risks in Equity Emphasis Areas, to help mitigate climate
impacts and consequences particularly for frontline communities.
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Figure 24: Examples of Climate Risks and Opportunities that Could Be Considered During Implementation of the
Policies Identified within the Comprehensive Plan

Comprehensive Plan
Transportation
Policies

•Policy 5: Create and maintain a fully accessible sidewalk network
throughout the City.
•Climate risks: Consider sidewalk network design that will be
comfortable and functional in hotter temperatures (e.g., increased
shading) and heavier rainfall (e.g., sufficient drainage), and consider
these climate risks during development of the Comprehensive
Pedestrian Plan.

Comprehensive Plan
Land Use Policies

•Policy 7: Maintain and improve an efficient and streamlined
permitting process that is user-friendly and predictable.
•Climate opportunity: Incorporate information on climate change
projections and potential impacts to development (e.g., extreme
heat projections and considerations for urban heat island reduction)
into the proposed guidelines, manuals, and how-to guides.

Table 20: Summary of Resiliency Recommendation for Implementation of Overarching Planning

Resiliency
Recommendation
Description

During implementation of the policies identified in the Comprehensive Plan and
the strategic initiatives identified in the Strategic Plan, incorporate considerations
to address climate risks and take advantage of climate resilience opportunities.

Implementation
Timeframe

Immediate to medium-term (<10 years)

Implementation
Guidance

To support this climate resiliency strategy, ICF conducted a high-level screening
for climate risks and opportunities for each of the policies within the
Comprehensive Plan [and ICF will be conducting a high-level screening for the
strategic initiatives within the Strategic Plan]. It is recommended that the
Sustainability Department use the flags from this screening to work with
responsible parties as they carry out the implementation measures within the
plans to reduce climate risks and enhance climate resilience.
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The Comprehensive Plan is updated every 10
years and the Strategic Plan will also be
updated regularly. It is recommended that,
when these plans are updated, the City
consider climate change risks and
resilience as a cross-cutting theme during
the planning process. The intended output
would further elevate climate resilience within
the documents and embed climate resilience
throughout the City’s activities. In taking this
step, the City would comprehensively integrate
climate risk and opportunity considerations
across multiple relevant elements (see Figure
25) to prepare the City and community for a
changing future.

Figure 25: Climate Resilience is Relevant Across Multiple
Elements, and Comprehensive Planning Could Embed
Climate Risk and Resilience Considerations Across
Municipal Decisions

Climate resilience is already included in the
2020 Comprehensive Plan’s Environmental
Sustainability chapter. In future updates,
climate resilience could be a cross-cutting
theme, to support the 2020 Climate Emergency
Resolution and the overarching resilience goal
to integrate climate resilience considerations
across municipal decisions and activities. For
example, one of the 2020 Comprehensive
Plan’s cross-cutting themes, “Sustainable City,” could be expanded to emphasize climate change resiliency.
Additionally, public engagement is critical in the development of the Comprehensive Plan and Strategic
Plan. The City could consider engaging the public on planning for climate risks and resilience during updates
to the Comprehensive Plan and Strategic Plan.
Table 21: Summary of Resiliency Recommendation for Incorporating Climate Resiliency into Development of
Overarching Plans

Resiliency Recommendation
Description

Plan for resiliency across elements during updates to the
Comprehensive Plan and Strategic Plan.

Implementation Timeframe

Medium-term (<10 years)

Implementation Guidance

Key resources include the Adaptation Planning Guide for local
governments and Climate Adaptation Model General Plan Language.
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6.3 Land Management &
Development

MWCOG’s “Using Smart Growth
Strategies to Create More Resilient
Communities in the Washington,
D.C. Region”
1. Discourage new development in
particularly vulnerable areas.
2. Protect people and assets in
vulnerable areas.
3. Encourage sustainable growth in
appropriate, less-vulnerable areas.

Climate change will impact Frederick’s physical environment. At
the same time, development patterns and characteristics affect
demand for roads and pathways; resources such as water and
services such as sewage treatment; accessibility and function of
public infrastructure such as schools, community facilities, and
parks; and more. By considering climate change when shaping
development patterns and characteristics, the City could help
ensure resilience to future climate impacts on our physical
environment, our municipal services, and ultimately our
community. A key resource on this topic is MWCOG’s guidebook on “Using Smart Growth Strategies to
Create More Resilient Communities in the Washington, D.C. Region”.67

Resilience through land management can take many forms. The City already prohibits development (other
than public utilities, access ways, and parks) in the current 100-year floodplain. Though FEMA maps serve
as the regulatory floodplain, the City could consider proactively anticipating future flood risks in land
management and siting decisions given the potential for greater extent in the floodplain over the next few
decades under a changing climate.68 Other examples of land management strategies include increasing tree
canopy to mitigate projected increases in extreme heat and to offer shade, and increasing on-site
stormwater retention to capture rainfall of greater intensity under future conditions. However, it is recognized
that changes in land management and development patterns for resilience to future climate conditions can
be a long process.
In the near-term, it is recommended the Sustainability Department support the City to identify
potential climate risks and opportunities in development project concepts. It is ideal to consider
climate risks and opportunities early in the process of project development, rather than identifying risks late
in the review process, at which point is it more expensive to revise development plans or retrofit
development if it has already been constructed. For example, a development project could benefit from site
measures to reduce the heat island effect at the site and in the surrounding area given projections for 11
additional days above 95°F by 2030 and 23 additional days by 2050 in Frederick under a high emissions
scenario. A development project could also benefit from site measures to accommodate more significant
rain events in the future and/or impacts from greater flooding.

Table 22: Summary of Resiliency Recommendation for Reviewing Climate Risks to Projects in the Development
Process

Resiliency
Recommendation
Description

Conduct a high-level review of development project concepts for potential climate
risks and opportunities early in the development project process. Offer input and
suggestions for developers to consider ways to mitigate climate risks and take
advantage of climate opportunities. Review and evaluate past development

67

U.S. Environmental Protection Agency (EPA) and Metropolitan Washington Council of Governments (MWCOG). 2013.
“Using Smart Growth Strategies to Create More Resilient Communities in the Washington, D.C., Region.”
https://www.epa.gov/sites/production/files/2014-06/documents/mwcog-guidebook-final-508-111313.pdf
68 Flood Factor is an example of a user-friendly tool that could be applied to support screening for current and future flood risk.
Available at: https://floodfactor.com/city/frederick-maryland/2430325_fsid
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projects in an effort to ‘right-size’ future public infrastructure (e.g., roads, paths,
sidewalks, parking, parking lots, other impervious areas), and improvement
requirements to better align with the Climate Action Plan strategies.
Implementation
Timeframe

Ongoing

Implementation
Guidance

Offer input and suggestions on climate risks and opportunities during the sketch
plat review process. The sketch plat review process provides an opportunity for
development applicants to present a basic project concept and receive
suggestions from the City early in the project development process. The City
could provide development applicants with information about climate change
projections and impacts (e.g., a summary of the City’s climate risk assessment)
and develop resources to demonstrate the value of implementing resilience
measures.

The Land Management Code (LMC) governs the management of the City’s natural and built environment.
Over time, the City could consider revising section of the LMC to codify climate resilience measures
related to land management. This approach takes a more systematic city-wide approach compared to the
project-by-project approach of engaging with developers to screen for climate risks.
For example, key LMC Articles that could be updated to encourage resilience measures for future climate
conditions include the Design and Improvement Standards, summarized in Table 23.
Table 23: Key LMC articles that Could be Updated to Encourage Climate Resilience Measures

LMC Section

Example resiliency measures to incorporate into the LMC

Sec. 605
Landscaping
Standards

•
•

Sec. 607 Parking
and Loading
Standards
Sec. 611 Street
Improvement
Standards

•
•
•

Further encourage green infrastructure for stormwater management as well as
urban heat island mitigation, given projected increases in flooding and extreme
heat
Use flood- and drought-tolerant vegetation, given projected increases in both
flooding and drought
Encourage permeable pavement in low-traffic areas throughout the City to
mitigate stormwater runoff, given projections for greater rainfall intensity
Adjust drainage requirements, considering future rainfall intensity
Further encourage street trees for stormwater management and urban heat
island mitigation, given projected increases in flooding and extreme heat

Table 24: Summary of Resiliency Recommendation for Incorporating Climate Resilience into the LMC

Resiliency
Recommendation
Description

Revise sections of the LMC to codify climate resilience measures related to land
management.

Implementation
Timeframe

Near-term (< 3 years)
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Implementation
Guidance

Examples of sections to revise within the LMC are summarized in Table 23. To
support the street trees recommendation, the City could consider implementing
an “Adopt A Tree” program to engage the public on this resiliency measure for
extreme heat.
These suggested revisions to the LMC could be aligned with opportunities for
climate resilience during implementation of land use policies in the
Comprehensive Plan (see Figure 24).

6.4 Capital Planning
As the potential impacts from storms, extreme heat, and floods on infrastructure assets are expected to
increase with climate change, it is important to include explicit climate resilience considerations in capital
investments. Capital investments usually involve high upfront costs and have long useful lives. However, the
impacts of climate change can shorten an asset’s useful life both through more intense daily wear and tear
and through increased intensity and frequency of extreme events that cause immediate damage. In order to
maximize the intended service of each investment under changing climate conditions, it is important to
consider how climate change may impact an asset over the next decades. Planning and budgeting for
upfront design adjustments to account for climate change will protect capital investments over the long run.
The City of Frederick invests in municipal infrastructure through its Capital Improvement Program (CIP). It is
recommended that the City incorporate climate resilience considerations in planning for capital
investments throughout the CIP development process.
Entry points for climate resiliency at each stage within the CIP process are described below:
Figure 26: Needs for Capital Investments Could be
Identify project need: The CIP is informed by
Guided by: 1) Greatest Infrastructure Investment
needs within Frederick (e.g., rehabilitation of a
Needs, 2) Greatest Climate Risk Needs, and 3) Where
critical community facility; development of a
Investment Could Most Reduce Social Inequality and
Increase Opportunity
shared use path). When identifying capital project
needs, it is recommended that the City:
➢ Consider how climate risks to Frederick
may elevate the need for a planned
project. For example, if an existing asset
has needed much more maintenance over
the past few years following extreme
weather impacts, it may be more cost
effective in some cases to accelerate the
asset upgrade within the CIP pipeline.
➢ Consider if climate risks may create new
needs for projects. For example, projected
increases in flood extent under future
climate conditions may require new flood
mitigation projects in areas in Frederick
that have not flooded in the past.
➢ Consider needs to support frontline
communities who may face elevated
climate risks. For example, the City might

Figure from Climate-Safe Infrastructure Working
Group, 2018. “Paying it Forward: The Path Toward
Climate-Safe Infrastructure in California.”
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consider developing more cooling centers in Equity Emphasis Areas since low-income populations
may be cost-burdened by energy usage of air conditioners under more extreme heat days in the
future.
➢ Engage external stakeholders on climate risks and resilience. For example, climate impacts often
cross jurisdictional boundaries and capital investments in resilience measures may be more costefficient if jointly implemented.
Develop projects: Climate risks and resilience should be considered early during project development. The
departments should build capacity on climate change risks so that they are better equipped during early
project development to identify marginal add-on opportunities to reduce risks and enhance resilience.
Additionally, project managers should conduct a screening during project development to determine whether
the capital project would face climate risks and to identify additional opportunities to build resilience of the
project. To support project managers across departments, it is recommended the City develop a high-level
screening guidance or tool to determine whether climate risk is a relevant concern for the project. For
example, the guidance could screen for whether
Illustrative marginal add-ons to reduce climate
the proposed project would operate after midrisks to capital projects:
century, meaning that consequential changes in
climate conditions are likely to occur within the
asset’s useful life. Project managers could also
screen for whether the asset would be in a future
flood risk area, since future conditions would
expand the floodplain footprint.69
Furthermore, it could be useful for the City to
develop climate resiliency design guidelines and
guidance on potential adaptation strategies.
These resources could then be consulted if the
screening process indicates that climate risks are
relevant to the capital project.

•

•

•

When resurfacing roads, the City could consider
using materials that are less likely to buckle or
soften due to extreme heat or choose materials
that are more reflective to reduce the urban heat
island effect.
When installing or replacing stormwater
infrastructure, the City could factor in the
projected increase in storm intensity and design
drainage with greater capacity for future
conditions.
Ensure that HVAC upgrades to City facilities are
correctly sized for future temperature conditions.
Given climate events of greater intensity and
frequency, consider implications for maintenance
and budgeting for the capital asset.

•
Project submission: Prompt project managers for
brief documentation of how development of the
project considered changing climate conditions.
This prompt can be implemented by expanding the CIP project submission template’s ‘project justification’
section to ask for justification under future climate conditions. For example, these justification statements in
project submission could speak to the need to protect existing assets and prepare the City for climate risks.

Mayor and Board Approval: Update the executive summary form that is typically submitted to the Mayor and
Board to include a question on how climate change resilience is considered.
RFP: Consider specifying climate resilient design features in bid documents to ensure that the resilience
measures are included in project design.

69

Flood Factor is an example of a user-friendly tool that could be applied to support screening for current and
future flood risk. Available at: https://floodfactor.com/city/frederick-maryland/2430325_fsid
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Table 25: Key Investment Considerations to Enhance Climate Resilience

Resiliency
Recommendation
Description

Ensure that the City’s long-lived capital investments are resilient to current and
future climate conditions. Support consideration of climate risks and opportunities
throughout the CIP process.

Implementation
Timeframe

Ongoing

Implementation
Guidance

Detailed above.
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7 Next Steps
The City of Frederick has an opportunity to lead the community by example through adopting sustainable
and resilient operational practices and taking measures to reduce the City government’s GHG footprint. The
City has already committed to several strategies that will reduce the City’s energy use, GHG emissions, and
save costs over time.
Once the City adopts this plan and begins implementing mitigation and resilience strategies, it will be
important to monitor the implementation and impacts of the strategies and adjust course as needed. Data
collection will be important to continue to assess the impact of the City’s operations on GHG emissions as
well as to monitor progress towards achieving their goals over time. The following list of recommendations
will help the City implement the strategies from this CAP and measure progress over time.
➢ Improve data collection. Several emission sources were either estimated or excluded from the
inventory due to available data. Moving forward, it is recommended that the City centrally track
natural gas consumption in buildings to inform energy management decisions. Tools such as
ENERGY STAR Portfolio Manager® can help the city track building-level energy data on a single
platform. It is also recommended that the City develop an inventory of its refrigeration equipment in
order to estimate fugitive emissions from refrigeration and air conditioning equipment. While likely a
small portion of total emissions, refrigeration and air conditioning equipment represent a mitigation
opportunity due to the high GWP of HFCs and other compounds used for this equipment.
➢ Monitor progress towards goals. As the City implements the strategies in this plan, it should
collect information on the programs to continue to evaluate the status of implementation; energy,
fuel, and GHG reductions impacts of each strategy; and identify any barriers to implementation.
➢ Conduct periodic GHG inventories. It is recommended that the City update its GHG inventory for
government operations annually or biannually to continue tracking emissions over time. Doing so will
allow the City to monitor drivers of emissions, track progress towards its reduction goals, and
reevaluate mitigation strategies as additional operations (e.g., a Circulator bus) are added.
The successful implementation of these strategies will ultimately depend on engagement with stakeholders
to establish buy-in and allocation of resources, including staff, to implement the strategies.

7.1 Adaptive Management
Adaptive management involves building flexibility into planning, design and operations that can be adjusted
as new information is gathered over time. This is particularly important since projections for future climate
conditions have some degree of uncertainty, due to policy uncertainty, scientific uncertainty, and modeling
uncertainty.
In practice, adaptive management could include incremental resilience strategies for near-term climate
projections as part of a long-term resilience strategy, while consistently track changing conditions over time
to identify when additional resilience strategies are required. This approach relies on (1) monitoring
indicators related to climate conditions, climate impacts, and external conditions that affect the City, and (2)
predetermined thresholds to signal the need for a change in risk management approaches. This approach
can support decisions over the long-term on when, where, and how the City of Frederick can continue to
take action to manage its climate risks. Under this adaptive approach, resilience measures can be
sequenced over time to respond to changing conditions. For example, the City may identify actions to
implement now that protect against near-term climate changes and actions that are low and no regret, while
leaving options open to protect against the wide range of plausible changes emerging later in the century.
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8 Appendix A: Inventory Methods
To develop the GHG inventory, ICF collected data from City stakeholders on GHG generating processes (for
example, fuel use used on-site at City facilities, amount of purchased electricity by the City, tons of solid
waste disposed in City facilities). These data are referred to as “activity data.”
Activity data were then multiplied by emission factors to estimate GHG emissions from each source.
Emission factors relate the quantity of a GHG emitted in the atmosphere with an activity and are expressed
as the quantity of a GHG divided by a unit for the activity (for example, kilograms of carbon dioxide emitted
per gallon of motor gasoline burned).70 This inventory relies on emission factors developed by EPA’s Center
for Corporate Climate Leadership and the Local Government for Sustainability’s (ICLEI) Local Government
Operations Protocol (LGOP), and U.S. EPA’s Emissions & Generation Resource Integrated Database
(eGRID) .

8.1 Buildings and Energy Use Sector
8.1.1

Purchased Electricity

Monthly electricity use data were provided by the City for fiscal years 2015 and 2018 by the service address.
Electricity use was projected for 2019 through 2030 using City population estimates from MWCOG.
Electricity use for 2016 and 2017 was interpolated linearly from 2015 and 2018 use. Electricity use estimates
included in the BAU scenario do not account for any energy conservation measures, energy efficiency
programs or policies, or renewable energy credits (RECs), or other mitigation strategies.
After projecting electricity use through 2030, ICF estimated emissions by applying regional emission factors.
ICF used the U.S. EPA’s eGRID as the foundation for developing electricity emission estimates. eGRID is a
comprehensive source of data on the environmental characteristics of almost all electric power generated in
the United States, and tracks data on emissions, emission rates, generation, heat input, resource mix, and
other attributes.71 eGRID publishes data every two years.
To estimate emissions of carbon dioxide (CO2), ICF estimated a baseline electricity emission factors for
2015 and 2017 using linear interpolation of the eGRID data for the Reliability First Corporation East (RFCE)
subregion for 2016 and 2018. Although the City of Frederick is within the boundary of the Reliability First
Corporation West (RFCW) subregion, the analysis in this report uses the RFCE eGRID data because it is
consistent with MWCOG forecasts for the region and aligns with the generation mix of the plants providing
electricity for the City of Frederick.
To estimate emission projections after 2018, the most recent year for which eGRID has published emission
factors, CO2 emission factors were developed using the Energy Information Administration (EIA)’s 2020
Annual Energy Outlook (AEO) data for two scenarios. ICF developed the two following scenarios to analyze
electricity emission projections under the same fuel mix as is currently used to generate electricity, and
under anticipated changes to the electricity generation fuel mix resulting from energy market dynamics.
•

No Grid Policies: The 2018 eGRID emission factor for the RFCE subregion was held constant for
years 2019 through 2030 (presented throughout the report).

EPA 2020b. “Basic Information of Air Emissions Factors and Quantification.” See https://www.epa.gov/air-emissions-factorsand-quantification/basic-information-air-emissions-factors-and-quantification%23About%20Emissions%20Factors.
71 EPA 2020. “Emissions & Generation Resource Integrated Database.” See: https://www.epa.gov/egrid.
70
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•

Planned Grid Policies: The electricity emission factors between 2019 and 2030 were adjusted to
capture the impact of relevant national, regional, and state policies on the electricity grid. These
impacts are captured by scaling the 2018 emission factor with anticipated changes in the sources of
electricity generation, using EIA’s 2020 AEO data for the South Atlantic region (presented as an
information item).

AEO provides seven cases, including 1) Reference case, 2) High economic growth, 3) Low economic
growth, 4) High oil price, 5) Low oil price, 6) High oil and gas supply, and 7) Low oil and gas supply. The
reference case was used for this analysis.
To estimate emissions of methane (CH4) and nitrous oxide (N2O), baseline emission factors were developed
for 2017 through the same method as the baseline emission factor for CO2, described above, and scaled
with grid changes anticipated by the scenario selection (i.e., No Grid Policies or Planned Grid Policies).
This report presents projections under the No Grid Policies scenario. Emission projections under the
Planned Grid Policies scenario are also presented for informational purposes.

8.1.2

On-site Fuel Use

Data for on-site use of digester gas and diesel oil were provided by the City. Annual diesel oil purchase data
were provided by the City for fiscal year 2020 and digester gas data in the combine heat and power (CHP)
plant were provided by the City for fiscal years 2016, 2017, 2018, and 2019. The CHP plant began operation
in 2016. The City could not provide natural gas use data for fiscal year 2015, so natural gas use data was
obtained for fiscal year 2013 from the City of Frederick’s 2013 Greenhouse Gas Inventory72 and assumed to
be equal to use in fiscal year 2015.
Natural gas and digester gas use was projected through 2030 using City population estimates from
MWCOG. ICF assumed that the amount of diesel oil used is constant across the projection timeseries
because it is only used as a backup fuel in the generators for the City’s water and wastewater treatment
plants.
After compiling fuel use estimates for digester gas, natural gas, and diesel oil, ICF multiplied the annual fuel
use by emission factors specific to each fuel type. ICF assumed that fuel purchases are equivalent to
consumption (i.e., fuel purchased in a given month was used in the same month).
Emission factors for stationary sources (i.e., on-site fuel use) do not typically vary substantially over time and
were held constant through the time series.

8.2 Transportation Sector
8.2.1

On-Road Vehicles

Annual fuel use data for motor gasoline and diesel by vehicle ID and description were provided by the City.
ICF estimated CO2 emissions from on-road vehicles based on 2015 and 2018 fuel use data. On-road fuel
use was projected for 2019 through 2030 using City population estimates from MWCOG.
After compiling fuel use estimates for motor gasoline and diesel, ICF multiplied fuel use for each fuel type by
fuel-specific emission factors to calculate annual CO2 emissions.

72

See https://www.cityoffrederickmd.gov/DocumentCenter/View/5432/Greenhouse-Gas-Inventory---Chapter-1-Profile-of-CityBuildings-Facilities-and-Streetlights?bidId=, p.21
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To estimate emissions of CH4 and N2O for 2015 and 2018, ICF categorized vehicles by vehicle class (e.g.,
passenger car, light-duty vehicle) and model year to assign appropriate emission factors to each vehicle in
the on-road fleet. ICF estimated total annual VMT for each vehicle class and fuel type based on a
combination of fuel economies provided by the City and national average fuel economies. To calculate
emissions, ICF multiplied the VMT for each vehicle class, model year, and fuel type combination by the
appropriate emission factor (in grams/mile) using the LGGIT Tool. Finally, for projected years, ICF assumed
that CO2, CH4, and N2O were emitted at the same proportion of total emissions for all years (e.g., CO2
comprises 99.7% of total on-road and off-road emissions) using an average of 2015 and 2018 proportions of
CO2, CH4, and N2O.

8.2.2

Off-Road Vehicles

Annual fuel use data for gasoline and diesel off-road equipment were provided by the City with an
equipment description. ICF estimated CO2 emissions from off-road equipment based on 2015 and 2018 fuel
use data for gasoline and diesel. Off-road fuel use estimates were projected for 2019 through 2030 using
City population estimates from MWCOG.
To estimate emissions of CH4 and N2O for 2015 and 2018, each vehicle was assigned an equipment class
(e.g., construction, recreational and utility, agricultural) and fuel use estimate. ICF multiplied the fuel use for
each equipment class and fuel type combination by the appropriate emission factor using the LGGIT.
Finally, for projected years, ICF assumed that CO2, CH4, and N2O were emitted at the same proportion of
total emissions for all years (e.g., CO2 comprises 99.7% of total on-road and off-road emissions) using an
average of 2015 and 2018 proportions of CO2, CH4, and N2O.

8.2.3

Employee Commuting

ICF assumed employee commuting rates to be 100% of employees commuting by single occupancy vehicle
(SOV) based on feedback from the City on likely commuting patterns. ICF calculated the average one-way
commute length in miles of City employees based on the average distance between employee zip codes
and office location. The City of Frederick provided the full time equivalent (FTE) of all full-time and part-time
employees for fiscal year 2019.
ICF estimated emissions from employee commuting by multiplying average daily VMT by transportation
mode by emission factors by mode of transportation. Daily VMT estimates by transportation mode were
projected for 2016 through 2030 using City population estimates. Population estimates were projected using
City population forecasts from MWCOG.
To account for the COVID-19 pandemic, methodological adjustments were made to 2020 and 2021
estimates based on data provided by the City that tracked the number of employees reporting in-person to
work and not-reporting or telecommuting from April 2020 to September 2020. On average over this time
period, forty-eight percent of employees reported in-person to work. ICF assumed that this average
percentage of employees who reported in-person did so for all of 2020. For 2021, it was assumed that about
half as many employees will telecommute (or not-report) compared to 2020 before returning to BAU levels in
2022.
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8.3 Waste Sector
8.3.1

Solid Waste

Since City of Frederick does not own or operate any landfills, emissions from solid waste account for solid
waste from City operations, businesses, and residents that is hauled by the City. The City provided the
monthly tonnage of solid waste hauled to landfills by the City in 2015 and 2018. Waste emissions were
projected using employee population forecasts using City population forecasts from MWCOG. Differences in
landfill management practices were taken into account for estimates in various years as well (i.e., flaring
versus recovery of LFG for energy), as described throughout the body of this report.

8.3.2

Wastewater Treatment

The City of Frederick owns and operates a wastewater treatment facility. To estimate emissions from its
operation, the City provided data for the population served by wastewater treatment facilities and the
average total nitrogen discharge for 2015 and 2018. Data for the amount of digester biogas produced daily,
daily amount of biodegradable organic substance (BOD5) input by the system, and daily average total
nitrogen discharge was provided for 2018, and ICF assumed that these data were the same for 2015. The
City also informed ICF that all wastewater was treated in anaerobic conditions, there was no industrial
nitrogen load, and that the facility conducts nitrification.
With these data, ICF used the LGGIT to estimate wastewater emissions for 2015 and 2018, including
stationary CH4 emissions from incomplete combustion of digester gas, process CH4 emissions from
anaerobic and facultative wastewater lagoons, and process N2O emissions from wastewater treatment plant
nitrification. ICF projected wastewater treatment emissions for process N2O emissions using City population
forecasts from MWCOG. ICF assumed that process CH4 emissions remain constant through 2030 as these
emissions are not impacted by population served, and instead rely on the daily BOD5 load. The City started
operating a CHP facility at the wastewater treatment plant in 2016, and at that time stopped flaring the
plant’s digester gas. As a result, in 2016 and forward, there are no projected CH4 emissions associated with
the incomplete combustion of digester at the wastewater treatment plant.

8.4 Other Sources
8.4.1

Fertilizer Use

The City provided total nutrients applied as fertilizer in pounds to City-owned golf courses in 2019, which
was used to estimate fertilizer use emissions. ICF assumed that fertilizer use remains constant from the
baseline year through 2030 as golf course land area remains the same. As a result, data on fertilizer
application from 2019 was used to estimate 2015 emissions and all emission projections. ICF estimated
emissions by converting pounds of nutrients to tons and multiplying by synthetic fertilizer emission factors.

8.5 Additional Emissions Data
The following tables present the unweighted BAU emissions projections by gas and by source in metric tons
for CO2, CH4, and N2O.
Table 26: 2015 to 2030 BAU Projected GHG Emissions from CO2 (MT) by Source

Sector
Buildings

2015
9,703

2020
9,416
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2025
10,139

2030
10,417
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Stationary Fuels
Purchased Electricity
Occupied Spaces
Unoccupied Spaces
Water Resources
Streetlights
Transportation
On-Road Vehicles and
Off-Road Equipment
Employee Commuting
Waste
Waste Disposal
Wastewater Treatment
Other Sources
Fertilizer Use
Total

834
8,869
1,644
775
3,614
2,836
2,936
2,479

758
8,658
1,565
592
4,016
2,485
2,885
2,636

834
9,305
1,715
649
4,402
2,538
3,278
2,713

858
9,559
1,766
668
4,533
2,591
3,255
2,673

457
0
0
0
0
0
12,639

249
0
0
0
0
0
12,302

565
0
0
0
0
0
13,417

582
0
0
0
0
0
13,672

Table 27: 2015 to 2030 BAU Projected GHG Emissions from CH4 (MT) by Source

Sector
Buildings
Stationary Fuels
Purchased Electricity
Occupied Spaces

2015
1
0
1
0

2020
1
0
1
0

2025
1
0
1
0

2030
1
0
1
0

Unoccupied Spaces

0

0

0

0

Water Resources

0

0

0

0

Streetlights

0

0

0

0

0
0

0
0

0
0

0
0

0
108
101
7
109

0
116
114
2
117

0
127
125
2
128

0
131
128
2
132

Transportation
On-Road Vehicles and Off-Road
Equipment
Employee Commuting
Waste
Waste Disposal
Wastewater Treatment
Other Sources
Fertilizer Use
Total

Table 28: 2015 to 2030 BAU Projected GHG Emissions from N2O (MT) by Source

Sector
Buildings
Stationary Fuels
Purchased Electricity
Occupied Spaces

2015
0
0
0
0

2020
0
0
0
0
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2025
0
0
0
0

2030
0
0
0
0
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Unoccupied Spaces
Water Resources
Streetlights
Transportation
On-Road Vehicles and Off-Road
Equipment
Employee Commuting
Waste
Waste Disposal
Wastewater Treatment
Other Sources
Fertilizer Use
Total

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
0
0
0
0

0
1
1
0
0
1

0
1
1
0
0
1

0
1
1
0
0
1

0
1
1
0
0
1
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9 Appendix B: Supporting Details for Resiliency
Strategies
Table 29: Potential options for integrating climate resilience into the City’s plans, programs, and codes.

Focused Plans and Guidance

Overarching Plans

•

•

Comprehensive Plan: The 2020 Comprehensive Plan will guide the City’s decisions over the
next 20 years across various components, ranging from transportation to housing. The
forward-looking nature of this plan makes it an ideal opportunity to envision a climate-resilient
Frederick. While development of the plan is near complete, climate resilience could be
integrated into the various policy implementation measures identified in the plan. Future
updates should embed climate change resilience as a cross-cutting theme.
Strategic Plan: The Strategic Plan lays out a vision for the City 10 years from now and
prioritizes the government’s initiatives to achieve this vision. Although the City’s latest plan
was recently adopted in 2019, future updates could embed climate change resilience
throughout the strategic goals and objectives.

•

County Hazard Mitigation Plan: The City, through its involvement on the Frederick County
Hazard Mitigation Planning Committee, could provide input to strengthen the evaluation and
planning for future changes in natural hazards.

•

Small Area Plans: These plans – designed to implement portions of the Comprehensive Plan
at the neighborhood level – could serve as opportunities to consider climate impacts unique
to a neighborhood’s physical conditions.

•

Sectoral Plans, such as:
o

Sustainability Plan: This Plan – which includes sustainability goals, policies, and
actions for topics such as urban tree canopy & green spaces, and water quality &
water supply – could serve as a natural opportunity to incorporate consideration of
future climate risks and resilience given its focus on guiding Frederick toward a more
sustainable future.

o

Airport Master Plan: Resilience considerations could be integrated into planning for
the long-lived infrastructure to ensure it is fully functional over its entire lifecycle.
Standard airport operations at the municipal airport could also be updated to
account for stronger and more frequent extreme weather events.

o

Emergency Response Plan for Water System: The development of the community
water system’s Risk and Resilience Assessment and Emergency Response Plan
could benefit from considering future changes in drought, flooding, extreme heat, and
storms.

o

Watershed Management Plan: The City’s watershed management plan reviews
regulatory drivers that require the City to improve water quality within its watersheds,
and proposed plans to meet existing and anticipated future requirements. Several
components of this plan may present opportunities for the City to incorporate
considerations of future drought into watershed management.

o

Transportation plans and policies: To enhance resilience of transportation networks,
climate considerations may be incorporated into development of transportation plans
and policies, such as the Complete Streets policy and Plug-In EV Charging
Infrastructure Implementation Plan.
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•

Capital Improvement Program: As damage and deterioration of long-lived capital assets
increases with climate change, it is important to include explicit climate resilience
considerations in development of the CIP to ensure that capital projects consider climate
change impacts.

•

Annual Budgets: For example, preparing for climate change events of increasing frequency
and intensity may require larger maintenance budgets.

•

City Code of Ordinances: Key components of the Code (e.g., stormwater management,
environmental regulations) could be updated to reflect climate risks. In recognition of the
need for adherence to existing codes and regulations developed through various governance
levels (e.g., FEMA floodplains), municipalities across the country are increasingly developing
supplemental climate resilience guidelines to support mainstreaming of resilience at the local
level.

•

Land Management Code: Sections of the Code could be updated to codify climate resilience
measures related to land management.
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10 Appendix C: Data Providers and City Contacts
Data for the GHG inventory, mitigation analysis, and climate assessment were provided by the following City
of Frederick staff.

Sustainability Department
Jenny Willoughby, Sustainability Manager

Engineering and Operations Department
Zack Kershner, Director of Public Works
Tracy Coleman, Deputy Director of Public Works
Keith Brown, Assistant Deputy Director of Operations
Chip Stitley, Assistant Deputy Director of DPW-Utilities
Mike Winpigler, Superintendent of Street Maintenance
Kenneth Ott, Superintendent of Street Light & Traffic Control
Keisha Brown, Purchasing Manager
Joel Falkenstein, Supervisor of Vehicle Maintenance & Machinery

Planning Department
Joe Adkins, Deputy Director of Planning
Gabrielle Collard, Division Manager of Current Planning
Brandon Mark, Division Manager of Community Planning and Urban Design

Parks & Recreation Department
Bob Smith, Deputy Director of Parks & Recreation
Scott Geasey, Superintendent of Parks
Scott Peterson, Clustered Spires Golf Course General Manager
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