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Introduction 

The climate system consists of 5 major interconnected parts: the atmosphere, the 

hydrosphere, the cryosphere, the lithosphere and the biosphere.  The Earth's climate has been 

evolving slowly through internal interactions and external forces such as volcanic eruptions and 

more recently, anthropogenic forces. The activities that are causing changes to Earth’s climate 

are the burning of coal, oil, natural gas, and biomass for energy; the production of agriculture for 

food and material items; the creation of roads, highways and the resulting vehicle usage 

(Andrews, 2015). These events have increased in severity exponentially as our human population 

increases and subsequent activities expand; changes in climate, weather, and oceans are a direct 

result of these events. Action has begun to be taken by the United Nations Framework 

Convention on Climate Change and the Intercontinental Panel on Climate Change by forcing 

nations to adopt change at the Federal Level. The University of New Hampshire (UNH) has also 

created the WildCAP (UNH’s own Climate Action Plan) to address climate change through 

reduction in emissions and the promotion of efficient uses of energy throughout our buildings 

and transportation systems. As a result of the Climate Action Plan, the University’s staff, faculty, 

and students have created multiple committees, and have begun to publish reports and 

information to track and work towards meeting the University’s climate goals. 

 

The University of New Hampshire, and many other educational institutions, have adopted 

the framework provided by Second Nature to asses where their University currently stands 

regarding resilience, and to begin the path towards a Climate Action Plan for data-driven policy 

in the future. Second Nature's 5 Capital Model/Framework encourages businesses and 

organizations such as hospitals, schools, and universities to be financially sustainable through the 

understanding of the social and environmental issues that are tied to them. The different types of 

capital in the model are: natural, any stock or flow of energy that produces goods and services, 

such as resources, sinks, and processes; human, people’s knowledge, health, skills, and 

motivation; social, institutions that help us maintain and develop human capital in partnership 

with others; manufactured/physical, material goods or fixed assets that contribute to production 

processes such as tools, machines, and buildings; and financial, the enabling of other types of 

capital to be owned and traded. An evaluation will be conducted on UNH concerning the 

physical capital (i.e. roads, buildings, and vehicles) and the social capital (i.e. institutions). By 

understanding the systems that connect the different types of capitals, organizations can achieve 

a balance between their environmental, social, and economic needs (Five Capitals Model, 2018). 

The University of New Hampshire follows this model. 

 

Located specifically in southern New Hampshire, UNH is experiencing a wide range of 

threats presented by climate change. Over the last century in New Hampshire, climate change 

has caused temperatures to rise exponentially and to continually increase over the last four 

decades. (United States Environmental Protection Agency, 2016 and Wake et al., 2014). These 

rising temperatures globally and locally have implications such as effecting the length of the 

growing season and decreasing the number of days with snow cover across the state. These 

changes, combined with higher amounts of annual precipitation and an increasing number of 

storm events, have far reaching consequences and specifically impact the manufactured and 

social capitals. Winter recreation and agriculture, two large economic and cultural industries in 

New Hampshire, could suffer losses from warmer temperatures and changing precipitation 

patterns that will threaten people’s ability to make a living and the state’s ability to use their 



natural resources effectively (New Hampshire Department of Environmental Services, 2008, US 

EPS, 2016, and Wake et al., 2014). Sea level rise in the coastal region also threatens the physical 

and social capitals. Parts of the state could see as much as 6ft of sea level rise by 2100, which 

will cause flooding and damage to infrastructure especially when combined with the projected 

increase in the number of severe storm events.  This type of flooding will cause home 

displacement and roadway damage, threatening the homes of ~11% of the state population and 

more than 100,000 jobs (New Hampshire Coastal Risk and Hazards Commission, 2016 and US 

EPA, 2016). Better understanding and planning to mitigate and prevent some of these social and 

physical impacts in the state of New Hampshire can make the state more resilient to potential 

climate change threats (New Hampshire Coastal Risk and Hazards Commission, 2016 and US 

EPA, 2016, Wake et al., 2014).  

 

 Resilience is the ability of a system or community to survive disruption, and to 

anticipate, adapt, and flourish in the face of change (Second Nature). By identifying certain 

indicators and measuring them annually, communities like UNH can move toward a more 

resilient future and be able to anticipate and cope with risk. Risk is defined as the likelihood of 

experiencing danger, which leaves society and municipalities in a vulnerable position. One way 

of absorbing the impacts of climate change is being able to endure infrequent, low magnitude 

events and repair damages. Another effort includes moving beyond the threshold of vulnerability 

by modifying current structures and establishing a disaster plan for possible future events. 

Beyond these efforts, one of the most important approaches to help quantify resilience is to 

develop tools and identifying metrics in order to measure and monitor the development of 

resiliency (Steinbach, et. Al., 2017).   

 

UNH is aiming to reduce their vulnerability while incorporating the goal of enhancing 

their resilience. UNH believes its campus should go beyond just managing the catastrophic 

events related to climate change and that it should be proactively planning for preferable futures. 

UNH is committed to Second Nature’s Climate Resilience Commitment and has completed two 

of the five steps; completing an initial resilience assessment and determining future scenarios. 

UNH is currently working on a climate impact & resilience assessment which will be used to 

influence the fourth phase, creating a Resilience Plan. The Resilience Plan will be updated and 

reanalyzed annually to track our progress and identify new or previously unavailable 

information. Meeting our climate action plan is important due to the impending threats from 

climate change and how they will impact UNH. The University must expand their adaptive 

capacity against future climatic changes and prioritize strengthening areas that indicate weakness 

and vulnerability (Lam, et al., 2018). Most universities have not yet addressed their own climate 

risks. Continually assessing and updating UNH’s Climate Resilience Plan will help institutions 

and stakeholders understand where our campus currently stands regarding resilience. UNH’s 

Climate Resilience Plan is addressing our most important and pressing vulnerabilities and will be 

used to set benchmark values and metrics for other institutions to follow and aim towards.  

  

University resilience plans are starting to be created across the nation; however, no 

universal methods or metrics have been used to track, measure, and compare progress towards 

resilience. As a national leader in promoting and integrating sustainability, the University of 

New Hampshire hopes to create baseline metrics that can be easily adopted by other Universities 

and communities to track and compare their own progress towards resilience.  The goal of this 



project is to address climate resilience at UNH by completing the next step of Second Nature’s 

Climate Resilience Commitment, by identifying a set of indicators and measurable metrics 

within the physical and social capitals. Indicators identify and highlight areas that relevant 

community members and staff find of importance as related to the resilience of a campus. In 

conjunction with Second Nature's Resilience Planning and Implementation Framework and 

relevant stakeholders, a set of metrics have been previously identified to be used to quantify the 

areas of each indicator. These metrics will be calculated to determine UNH’s baseline values for 

campus resilience within these specific indicators that can be repeated for years to come. Our 

work to develop evidence-based measurements for these metrics and indicators will allow UNH 

to support decision making through synthesizing available data and reports into supportive 

materials to improve adaptation and mitigation decision making. Throughout this study the 

following research questions will be answered: What are the baseline measurements of key 

indicators of the Physical Infrastructure Metrics and Social Institutions Transparency.  

 

Methods 

A climate resilience plan framework outlined by Second Nature was employed to assist 

the University of New Hampshire with their climate resilience plan (Second Nature). Within the 

overall resiliency indicator framework, this project specifically focused on calculating the 

baseline metric values for selected indicators within the physical and social capitals. Relevant 

community members and stakeholders in the UNH community worked in tandem with Dr. 

Cameron Wake and Jennifer Andrews to develop key indicators and related metrics pertaining to 

social and physical capitals. As this was the first time most of this information was collected in 

order to calculate these metrics, our team was responsible for conducting the necessary research 

and calculations needed to identify and calculate these selected metrics in order to determine 

baseline resilience values for the UNH campus.  

 

Specific Tools and Data Collection 

The physical capital is broken into six categories that represent different aspects of 

physical resilience on campus (Table 1).  The social capital is broken into two categories that 

represent various aspects of social resilience at UNH (Table 2). Each category contains multiple 

indicators measured through mathematical calculations, numbers, ratios, or dollars. Our group 

gathered this information through multiple tools and methods appropriate for each indicator. We 

identified each measurement and technique within our methods tables to ensure transparency. 

For example, the physical indicator, Building Energy Efficiency, has a set of metrics, which are: 

British Thermal Units (BTU) per Energy Use Intensity (EUI) per adjusted floor area per degree 

day, and annual maintenance budget versus deferred maintenance budget. One of the social 

indicators, Ability to Experiment, Monitor, and Adapt, has a distinct set of metrics that examine 

UNH plans and reports to gather information on: year the updated plan was published, is the plan 

updated yearly, and is it accessible online? Data for each metric was collected through 

correspondence and reports received from staff at the University of New Hampshire and relevant 

community stakeholders. Published documents like the 2017 UNH Utility Master Plan and the 

2017 Ecosystem Task Force Dashboard Analysis were utilized to collect and evaluate numerical 

data. When published documents or data were not available, interviews were conducted to 

collect the needed quantitative data. For example, the Building Energy Efficiency's metric, BTU 

per EUI per adjusted floor area per degree day, was calculated utilizing the 2017 UNH Utility 

Master Plan and the National Oceanic and Atmospheric Administration (NOAA) weather service 



program, xmACIS2. The social indicator Structural Connections for Coordination and Planning 

was calculated by searching for committee information and meeting minutes online for the 

relevant committees and conducting interviews when necessary to confirm our findings and 

collect more information.  

 

Data Analysis  

Metrics varied dramatically between each indicator; therefore, a variety of analysis 

techniques were utilized. Each metric was analyzed using a method appropriate for the 

mathematical units and numerical data available to calculate a baseline value. For example, the 

metric “Daily Downeaster Capacity to Boston”, in the “Access to Campus” indicator, calculated 

the number of passengers transported to Boston per day by the Downeaster. While the metric 

“District A/C”, in the A/C Indicator calculated the percentage of UNH buildings that are cooled 

by district air conditioning. Multiple metrics were calculated and analyzed, and the resulting 

values were highly dependent on the reliability and availability of the data. Specific metric 

calculations and formulas used can be found in Appendices folder. 

 

  



Table 1. Methods for UNH's Physical Indicators and Metrics  

Indicators & Metrics Descriptions  Units (annual) Source 

Building Energy 

Efficiency 

   

BTU per EUI adjusted 

floor area per degree 

day 

This metric calculated the total 

energy measurement per energy 

use intensity units for the total 

floor area of each UNH building 

on campus. This was compared 

to the cooling degree day and 

heating degree day data that was 

derived from the Durham COOP 

weather station and analyzed to 

determine how much energy is 

exerted to heat inside 

temperatures up to the base 

temperature 68 degrees or cool it 

down to 68 degrees.  

(BTU/EUI)/DD Live FAMIS Utilities - 

Building Consumption  

Report, Facility KPI 

Series Annual Energy 

Utilization Index 

Summary, UNH Utility 

Master Plan Appendix 

2017, xmACIS2 

annual maintenance 

budget vs. total asset 

value 

This metric compares the annual 

maintenance budget against the 

total of all current and noncurrent 

assets that that UNH owns. percent 

UNH Utility Master Plan 

2017 Appendix 

deferred maintenance 

vs. annual maintenance 

budget 

This metric compares the annual 

maintenance budget against the 

maintenance that has been put on 

hold or postponed for reasons 

regarding budget or cost. percent 

UNH Utility Master Plan 

2017 Appendix 

Air Conditioning    

Air Conditioning and 

No Air  

Conditioning 

This metric calculated the total 

percentage of buildings, per area, 

that does or does not have air 

conditioning (a/c).  

% area (on 

campus) 

UNH Utility Master Plan 

2017  

 District Air 

Conditioning 

This metric calculated the total 

percent of area of buildings on 

campus that has District Air 

Conditioning (a/c). This includes 

chillers and cooling towers. This 

result will be compared to the total 

percentage of buildings with a/c.  

% area (on 

campus) 

UNH Utility Master Plan 

2017 

Non-District Air 

Conditioning  

This metric calculated the total 

percent of area of buildings on 

campus that have Non-District Air 

Conditioning (a/c). This is any 

building with the "boxed" a/c units 

% area (on 

campus) 

UNH Utility Master Plan 

2017 



and District Air Conditioning. This 

result will be compared to the total 

percentage of buildings with a/c 

Only Non-District Air 

Conditioning  

This metric calculated the total 

percent of area of buildings on 

campus that only have Non-District 

Air Conditioning (a/c). This is any 

buildings with the "boxed" a/c units, 

only. This result will be compared to 

the total percentage of buildings with 

a/c 

% area (on 

campus) 

UNH Utility Master Plan 

2017 

Multi-Modal 

Transportation System 

   

Transportation sector 

greenhouse gas 

emissions 

Million metric tons carbon dioxide 

equivalent MMTCDE/yr. 

GHG Emissions 

Appendix 

Energy Intensity (by 

vehicle type) 

mpg per vehicle type /# passengers  mpg/passenger Fleet by Vehicle Type 

and Fuel Type 

Carbon Intensity (by 

vehicle type) 

Tons of Carbon Dioxide Equivalent 

(By Vehicle Type) 

TCDE per mile  Fleet by Vehicle Type 

and Fuel Type 

Fuel makeup (gasoline, 

net gas, diesel, electric) 

of fleet (transit and 

UNH fleet) 

Fuel Makeup of UNH's fleet and the 

Fuel Makeup of UNH Transit percent of each 

Overall Fleet Fuel 

Consumption & Mileage 

-  

FY 2018 Update 

Electric Fleet 

 Electric Vehicle 

Infrastructure Policy Plan  

November 2017 

Unleaded Gasoline  Fleet  

 UNH Combined Fleet 

Fuel Consumption  

Miles FY 01-18 

Diesel  Fleet  

 UNH Combined Fleet 

Fuel Consumption  

Miles FY 01-18 

B20 Biodiesel  Fleet  

 UNH Combined Fleet 

Fuel Consumption  

Miles FY 01-18 

B20 Biodiesel  Transit   (CNG) at UNH: FY 2018 

Update 

CNG (Compressed 

Natural Gas)  Fleet  

 UNH Combined Fleet 

Fuel Consumption  

Miles FY 01-18 

CNG (Compressed 

Natural Gas) 

Transit  (CNG) at UNH: FY 2018 

Update 



Overall ridership (total, 

by route, 

miles/passenger) rides and miles/passenger 

 Transportation Policy 

Committee - 2018  

Benchmark Report 

campus connector vs 

wildcat transit ridership On campus transit service ridership vs 

off campus transit ridership ratio 

TPC15: 2003-2018 

Transportation Policy  

Review & Update 

Parking permits 

(faculty/staff, student) 

The number of Faculty, Staff, and 

Student parking permits issued; The 

maximum capacity of Student & 

Faculty/Staff Parking Spots number 

TPC15: 2003-2018 

Transportation Policy  

Review & Update 

Visitor Parking Spaces 

The number of Visitor Parking 

Spaces number 

TPC15: 2003-2018 

Transportation Policy  

Review & Update 

UNH Drivers 

The average number of drivers 

employed by the University per 

semester. number (mean) Dirk Timmons 

drivers below optimal 

number 

The number of drivers below the 

optimal number of shared hours. number (mean) Dirk Timmons 

 Liquid/gas fuel on-hand 

for transit vehicles (by 

type) Fuel reserves (by type) 

avg stored/ avg 

usage by fuel 

type UNH FY 2018 Fuel Data 

maintenance budget  Total Maintenance budget  dollars Dirk Timmons 

maintenance budget vs. 

total asset value 

Percent of Maintenance budget vs 

Total Asset Value of UNH percent Dirk Timmons 

Access to Campus    

Faculty/staff & students 

living within 20 miles of 

campus vs total number 

of faculty/staff & 

students 

This metric is a ratio of UNH 

faculty/staff and students living 

within 20 miles of campus per total 

number of faculty/staff and students 

ratio 

Transportation   

Department Data 

(Faculty Staff and 

Student commuter 

permits by zip code FY 

16-17) 

SOV vs other commute 

mode (bus, walk, bike, 

train, car pool) 

This metric is a ratio of single 

occupancy vehicles per other 

methods of travel.  ratio 

TPC15: 2003-2018 

Transportation Policy  

Review & Update 

Daily Downeaster 

capacity to UNH 

This metric represents the total 

passengers per day the  

Downeaster takes to UNH 

passengers per 

day 

TPC15: 2003-2018 

Transportation Policy  

Review & Update 

Disruption in 

Downeaster service 

This metric, shown as a percentage, 

is the amount of passengers per day 

whose trip on the Downeaster from 

UNH to Boston is disrupted.  

% passengers 

per day  

NNEPRA 2018 Annual 

Report 

Bus (C&J) passenger 

trip capacity to  

This metric represents the total 

passengers per day riding the  

passengers per 

day C&J Transportation 



Boston from Dover C&J bus from Dover to Boston 

Disruption in bus 

passenger trips to  

Boston 

This metric, shown as a percentage, 

is the amount of passengers per day 

whose trip on the C&J from Dover 

to Boston is disrupted 

% passengers 

per day  C&J Transportation 

Flights from Logan 

airport 

This metric shows the flights per 

day leaving Logan (to  

Manchester) flights per day 

2018 Bureau of 

Transportation Statistics 

Disruption in flights per 

day 

This metric shows, in percentage, the 

amount of disrupted flights per day   

at Logan (Logan to Manchester) 

% flights per 

day 

2018 Bureau of 

Transportation Statistics 

Flights from Manchester 

airport  

This metric shows the flights per 

day leaving Manchester (to Logan) flights per day 

2018 Bureau of 

Transportation Statistics 

Disruption in flights per 

day 

This metric shows, in percentage, the 

amount of disrupted flights per day   

at Logan (Manchester to Logan) 

% flights per 

day 

2018 Bureau of 

Transportation Statistics 

 Rte. 108 closed due to 

flooding 

Number of days closed per year days per year N/A 

Reduced Greenhouse 

Gas Emissions 

   

 total GHG emissions 

Sum of all greenhouse gas emission 

from the three emission scopes at 

the UNH Durham campus.  MTCDE 

FY17 ETF Dashboard 

Analysis 

Scope 1 

This is a sum of all emission sources 

associated with campus heating and 

cooling, electricity produced on 

campus, university owned vehicles, 

and agricultural activities.  MTCDE 

FY17 ETF Dashboard 

Analysis 

Scope 2 

This is a sum of all emission sources 

associated with energy directly 

purchased by the university.  MTCDE 

FY17 ETF Dashboard 

Analysis 

Scope 3 

This is a sum of all emission sources 

associated with campus outsourced 

activities. This includes air travel 

directly finance by the University, 

landfilling from solid waste, and 

staff, faculty, and student 

commutes.  MTCDE 

FY17 ETF Dashboard 

Analysis 

Telecom Access & 

Reliability 

   

People signed up for 

UNH alert system 

(faculty/staff, students, 

Durham residents) 

The number of relevant stakeholders 

(i.e. faculty/staff, students, Durham 

residents) that have signed up for 

percent UNH Police Department 



UNH alert system vs total number 

of relevant stakeholders.  

Cell phone system 

disruption  

The number of hours that close-by 

(to UNH) cell phone towers 

experience disruptions.  hours Comcast 

 UNH internet system 

disruption 

The number of hours that the UNH 

internet systems experience 

distribution.  hours Comcast 

 

  



Table 2. Methods for UNH's Social Indicators and Metrics 

Indicator/Sub-

Indicator/Metrics  

Sources  Description  

Structural Connections for Coordination and Planning 

UNH Specific 

Mechanisms 

 

These indicators and sub-

indicators measure the existence, 

transparency and member-

diversity of various  

committees, from UNH specific 

committees to Durham and  

UNH joint committees. In order to 

accomplish this, the following 

metrics were collected: number of 

members and  

their roles, number of annual 

meetings and if the agenda and 

meeting minutes are publicly 

available.  

Energy Task Force 

Jennifer Andrews; 

https://sustainableunh.unh.edu/etf 

President’s Council on 

Campus Climate 

Monica Chiu; 

https://www.unh.edu/inclusive/co

mmunityclimate/presidents-

advisory-council-campus-climate;  

Zero Waste Task Force 

Jennifer Andrews; 

https://sustainableunh.unh.edu/zer

owaste-tf 

University Committee on 

Real Property 

Acquisition and Disposal 

https://www.unh.edu/vpfa/lands 

UNH Office of 

Emergency Management 

Chief of Police - Paul Dean;  

https://www.unh.edu/upd/office-

emergencymanagement 

Integrating Body for 

UNH Groups 

 

Sustainability Task Force 

Jennifer Andrews;  

https://sustainableunh.unh.edu/sust

ainability-task-force 

Durham Specific 

Mechanisms 

 

All-Department Meeting 

w/Town Manager 

--* 

Joint  

Transportation Policy 

Committee 

Chris Clement;  

https://unh.edu/transportation/trans

portation-policycommittee and 

https://www.unh.edu/transportatio

n/tpcdocuments 



reps from town and 

university Emergency 

Management groups 

regular meetings 

Chief of Police - Paul Dean;  

https://www.unh.edu/upd/office-

emergencymanagement 

Ability to experiment, monitor, and adapt--as represented by the existence of up-to-date plans 

UNH Equity, Inclusion 

Diversity 

https://www.unh.edu/inclusive/site

s/default/files/media/ PDFs/10-

20_inclusiveexcellencestategicpla

n.pdf 

These indicators measure the 

existence and transparency of 

various UNH specific reports. In 

order to accomplish this, the  

following metrics were collected: 

the year of the most updated plan, 

if the report has been updated 

based on the previous year's report 

and if the report is publicly 

available.  

UNH Zero Waste 

https://sustainableunh.unh.edu/site

s/sustainableunh.unh 

.edu/files/media/Fellows/powley_- 

_zero_waste_plan_v3_-_part1.pdf 

UNH Landscape Master 

Plan; Landscape 

Management Plan/s 

https://www.unh.edu/sites/www.u

nh.edu/files/departme 

nts/facilities/CMP/cmp_2004_fina

l_landscape_master_pl an.pdf 

UNH Emergency 

Operations Plan 

Chief of Police - Paul Dean;  

https://www.unh.edu/upd/office-

emergencymanagement 

UNH Sustainability Plan 

https://sustainableunh.unh.edu/site

s/sustainableunh.unh 

.edu/files/images/unhsustplanning

20112015.pdf 

UNH Climate/Energy 

https://sustainableunh.unh.edu/site

s/sustainableunh.unh 

.edu/files/images/WildCAP%20U

pdate%20FINAL.pdf 

Durham Master Plan 

https://www.ci.durham.nh.us/plan

ning/master-plan 

Durham Multi-Hazard 

Mitigation Plan 

https://www.ci.durham.nh.us/sites/

default/files/fileattac 

hments/town_administration/page/

54197/multihazard_mitigation_pla

n_2017.pdf 

*Note: This was not found in this study.  

  



Results 

To measure resilience at the University of New Hampshire, we calculated baseline values 

for indicators within two capitals: physical and social. To measure the resiliency of the physical 

capital, we collected information pertaining to six different indicators (Table 3). To measure the 

social capital, we collected information pertaining to two different indicators (Table 4). Below is 

a summary, tables and examples of our results.  

 

Physical (Table 3) 

Building Energy Efficiency 

The metrics found for total maintenance budget and differed maintenance under this 

category represent the total dollar amount of each budget and the comparison of the two. The 

annual maintenance budget came to $8 million while the deferred maintenance budget came to 

$225 million. Time and accessibility of data disallowed for the calculation of BTU per EUI per 

degree day.  

  

Air Conditionings 
The indicator collects and calculates the assignable square footage (ASF) percentage of 

air conditioning used at UNH. This means the total of ASF, which is defined as the space 
assigned for use by each department- not including stairways, restrooms, mechanical rooms, etc., 
was compared to the total ASF for the Durham campus. Additionally, the percentage of the type 
of air conditioning used was also collected. The metrics are: “Air Conditioning and No Air 
Conditioning”, “District Air Conditioning”, “Non-District Air Conditioning” and “Only Non-
District Air Conditioning.” The results for the “Air Conditioning and No Air Conditioning” 
metric is 38.15% of ASF is air conditioned and 61.85% of ASF has no air conditioning. “District 
Air Condition” was calculated to be 73.32% of ASF while “Non-District Air Conditioning” was 
calculated to be 26.68% of ASF. Additionally, “Only Non-District Air Conditioning” was 
calculated to be 0.00% of ASF.   

  

Multi Modal Transportation Systems 

The results of the Multi Modal Transportation Systems indicator created a set of baseline 

metrics that can be used to track changes in student and staff transportation in the future. The 

main areas of focus included the energy intensity and fuel makeup of the UNH Transit and the 

UNH fleet vehicles. The results also included data referencing overall ridership for UNH Transit 

routes, parking permits issued for faculty staff and students, and visitor parking availability. In 

addition, the results identified the amount of campus fuel reserves for transit and fleet vehicles. 

An example from this indicator is the ridership ratio of Campus Connector passengers compared 

to Wildcat Transit [942,281: 160,129]. This result shows the number of students using UNH 

transit to get around the local Durham area far exceeded the number of students using UNH 

transit to access campus from the surrounding areas in FY 2018. 

  

Access to Campus 

The Access to Campus indicator examined different methods to access UNH’s campus 

locally and regionally. This included tracking the commute modes used to travel to UNH and 

travel accessibility to UNH through regional modes of travel such as the Downeaster train route 

and flights leaving Boston Logan Airport. The results of this indicator show the degree to which 

UNH is accessible locally and regionally, as well as the composition of different commuting 

modes used at UNH.  A finding from this indicator as an example would be the Amtrak 



Downeaster moving an average of 163 passengers to UNH’s Durham campus per day during the 

year 2018. 

  

Greenhouse Gas Emissions 

Greenhouse gas emissions were calculated at UNH for emissions scope 1, 2, 3, and total 

emissions. Emission scopes 1, 2, and 3 were determined by the source of the emissions, as 

discussed in the methods section. This information was used to determine the baseline 

greenhouse gas emissions at UNH. For example, the Scope 1 greenhouse gas emissions were 

calculated at 29,552 MTCDE (Metric Tons Carbon Dioxide Equivalent) in fiscal year 2017. This 

includes emissions from campus heating and cooling, electricity produced on campus, university 

owned vehicles, and agricultural activities. 

  

Telecom Access and Reliability 

There were three initial metrics to measure telecom access and reliability; the number of 

people enrolled in the UNH Alert System, the number of hours that the UNH cell phone system 

is disrupted, and the number of hours the UNH and internet system is disrupted. The values for 

these metrics were unable to be determined by this study.  

  

Social (Table 4) 

Structural Connections for Coordination and Planning 

We determined the number of members and their roles, the number of meetings per year, 

and if agendas and meetings minutes were public for nine sustainability related working groups 

at UNH. For example, the UNH Energy Task Force has 10 members, meets 12 times per year, 

and has public meeting minutes published up to 2015. Meeting are not published online from 

2016 to present.  

  

Ability to experiment, monitor, and adapt as represented by the existence of up-to-date plans  

We determined the ability of UNH to experiment, monitor, and adapt by finding the most 

updated versions of eight reports related to UNH campus sustainability. We documented the 

online link to these reports, the year that they were published, and determined whether the 

information included had been updated from previously published reports. These included 

reports such as UNH Equity, Inclusion, and Diversity, UNH Zero Waste, and UNH Climate and 

Energy. For example, the UNH Zero Waste Report was last updated in 2017 and is accessible 

online. All eight of the reports that we looked up from the University of New Hampshire had 

been updated within the last 10 years and were available online to the public.  

 

  



Table 3: Results for UNH's Physical Capital Indicators and Metrics  

Indicators and Metrics  Baseline value  Units Fiscal Year calculated 

Building Energy Efficiency    

BTU per EUI adjusted floor 

area per degree day 

TBD (BTU/EUI)DD Fiscal year 2016 and 2017: 

Incomplete 

Annual maintenance budget  8 Million  dollars Fiscal year 2016 and 2017 

deferred maintenance vs. 

annual maintenance budget 

  225 Million/8 

Million =  

28.12%  

percent Fiscal year 2016 and 2017 

Air Conditioning    

Air Condition and No 

Air Conditioning  

 38.15 and 61.85 

(respectively)   

% area (on campus) fiscal year 2017  

 District Air Conditioning 73.32 % area (on campus) fiscal year 2017  

Non-District Air 

Conditioning  

26.68 % area (on campus) fiscal year 2017  

Only Non-District Air 

Conditioning  
0.00 

% area (on campus) fiscal year 2017  

Multi-Modal transportation 

system 

   

Transportation sector 

greenhouse gas emissions 

   Direct 

Transportation is 

1,794.24 

MTCDE  

MMTCDE/yr FY 2017  

Energy Intensity (by vehicle 

type) 

 ---*  mpg/passenger FY 2018 

Carbon Intensity (by vehicle 

type) 

 ---*  TCDE per mile  FY 2018 

Fuel makeup (gasoline, net 

gas, diesel, electric) of fleet 

(transit and UNH fleet) 

 percent of each  

Electric  5 Nissan Leafs  Fleet Electric Vehicle Infrastructure 

Policy Plan November 2017 

Unleaded Gasoline 46%  Fleet  UNH Combined Fleet Fuel 

Consumption Miles FY 01-18 

Diesel 8%  Fleet  UNH Combined Fleet Fuel 

Consumption Miles FY 01-18 

B20 Biodiesel 26%  Fleet  UNH Combined Fleet Fuel 

Consumption Miles FY 01-18 



B20 Biodiesel 56%  Transit  (CNG) at UNH: FY 2018 

Update 

CNG (Compressed Natural 

Gas) 

20%  Fleet  UNH Combined Fleet Fuel 

Consumption Miles FY 01-18 

CNG (Compressed Natural 

Gas) 

44%  Transit  (CNG) at UNH: FY 2018 

Update 

Overall ridership (total, by 

route, miles/passenger) 

Passenger Trips   

 Dover  58,816  FY 2018 

 Portsmouth  72,137  FY 2018 

 Newmarket  25,679  FY 2018 

 Rochester  3,497  FY 2018 

 Campus Connector  942,281  FY 2018 

 Wildcat Transit  160,129  FY 2018 

Campus Connector                                     

1.50  Miles/Passenger Trip FY 2018 

 Wildcat Transit                                    

10.00  Miles/Passenger Trip 

FY 2018 

campus connector vs wildcat 

transit ridership 

 942,281 : 160,129  ratio FY 2018 

Parking permits (faculty/staff, 

student) 

   

Total Permits Issued 8271 number of permits FY 2018 

Number of 

Faculty/Staff/Student Permits 

Issues 

5355 number of permits 

FY 2018 

Number of on Faculty/Staff 3104 number FY 2018 

Total Auto Spaces 7081 number FY 2018 

Visitor Parking Spaces 

507 

 Number of  

Metered/Pay station 

Spaces  FY 2018 

UNH Drivers  ---*   The average 

number of drivers 

employed by the  

University per 

semester.  

Unable to Reach Dirk 

Timmons by phone or email* 

Number of Drivers below 

optimal number 

 ---*   The number of 

drivers below the 

optimal number of 

shared hours.  

Unable to Reach Dirk 

Timmons by phone or email* 



 Liquid/gas fuel on-hand for 

transit vehicles (by type) 

 Average Number of 

Days of Fuel 

Reserves or   

Average Usage 

 

 CNG    Average GGE 

Used/Day  

150.8 FY 2018 

 Diesel   Average Gallons 

Stored/Average 

Usage  

26 FY 2018 

 Unleaded Gasolines   Average Gallons 

Stored/Average 

Usage  

26 FY 2018 

 B20 Biodiesel   Average Gallons 

Stored/Average 

Usage  

38 FY 2018 

maintenance budget   ---*  dollars Unable to Reach Dirk 

Timmons by phone or email* 

maintenance budget vs. total 

asset value 

 ---*  percent Unable to Reach Dirk 

Timmons by phone or email* 

Access to campus     

faculty/staff & students living 

within  

20 miles of campus vs total 

number of faculty/staff and 

students 

3534:16253  or 

21.74% 

ratio F/S commuter permits by zip 

code FY 16-17 

SOV vs other commute mode  

(carpool 2+, bike/walk, UNH 

Transit, Other) 

60:5:12:21:1                       

          or                                 

 60 SOV : 40 Other 

ratio (expressed in 

%) 

2016 UNH Survey/Research 

Center 

Daily Downeaster ridership 

to  

Durham 

162.66 passengers per day TPC 2018 

Disruption in Downeaster 

service (On Time 

Performance) 

33 

% passengers per day  NNEPRA 2018 Annual 

Report 

Bus (C&J) passenger trip 

capacity to Boston from 

Dover 

49 seats per bus * 30 

trips a day = 1,470 

passengers per day https://www.seacoastonline.co 

m/article/20130916/News/309 

160346 

Disruption in bus passenger 

trips to Boston (On Time 

Performance) 

5 % passengers per day  C & J Transportation 

Flights from Logan airport  406 flights per day 2018 BTS 



Disruption in flights 

per day (departures) 

2.59 % flights per day 2018 BTS 

Flights from Manchester 

airport  

26.65 flights per day 2018 BTS 

Disruption in flights per day 

(departures) 

3.46 % flights per day 2018 BTS 

 Rte. 108 closed due to 

flooding 

---* days per year  

Reduced Greenhouse gas 

emissions  

   

 total GHG emissions 45761.00 MTCDE FY 2017 

Scope1 29552.00 MTCDE FY 2017 

Scope 2 ---* MTCDE FY 2017 

Scope 3 16209.00 MTCDE FY 2017 

Telecom Access & 

Reliability 

   

People signed up for 

UNH alert system 

(faculty/staff, students, 

Durham residents) 

 ---*  percent  

Cell phone system disruption   ---*  hours  

 UNH internet system 

disruption 

 ---*  hours  

Note 

* This value was not calculated in this study.  

 

 

  



Table 4: Results for UNH's Social Capital Indicators and Metrics  

Indicators & Sub-Indicators Metric Results 

Structural Connections for Coordination and Planning 
 

UNH Specific Mechanisms  

Energy Task Force 

members and roles 17 members: roles not published 

meetings per year 12 

Agenda and meetings 

public? 

yes, up to 2015 

President’s Council on Campus  

Climate 

members and roles 23 members: 4 faculty, 13 staff, 6 students 

meetings per year 12 

Agenda and meetings 

public? 

no 

Zero Waste Task Force 

members and roles 20 members: 6 faculty, 12 staff, 2 students 

meetings per year 6 

Agenda and meetings 

public? 

no 

University Committee on Real 

Property Acquisition and 

Disposal 

members and roles 10 members: 3 faculty, 7 staff, 0 students 

meetings per year n/a 

Agenda and meetings 

public? 

no 

UNH Office of Emergency 

Management 

members and roles --* 

meetings per year --* 

Agenda and meetings 

public? 

--* 

Integrating Body for UNH Groups  

Sustainability Task Force 

members and roles 26 members: 24 staff, 0 students   

meetings per year 9 

Agenda and meetings 

public? 

Yes 

Durham Specific Mechanisms  

All-Department Meeting 

w/Town Manager 

members and roles --* 

meetings per year --* 



Agenda and meetings 

public? 

--* 

Joint  

Transportation Policy 

Committee 

members and roles 20 members: 2 faculty, 13 staff, 3 students, 

3 Durham Representatives  

meetings per year 4  

Agenda and meetings 

public? 

yes 

Reps from town and university  

Emergency Management groups 

regular meetings 

members and roles --* 

meetings per year --* 

Agenda and meetings 

public? 

--* 

Ability to experiment, monitor, and adapt--as represented by the existence of up-to-date plans 

UNH Equity, Inclusion 

Diversity 

year of update 2012 

link   

https://www.unh.edu/inclusive/sites/defau 

lt/files/media/PDFs/10- 

20_inclusiveexcellencestategicplan.pdf 

based on update 

assessment/data? 

No 

UNH Zero Waste 

year of update 2017 

link  https://sustainableunh.unh.edu/sites/sust 

ainableunh.unh.edu/files/media/Fellows/p 

owley_-_zero_waste_plan_v3_-_part1.pdf 

based on update 

assessment/data? 

No 

UNH Landscape Master Plan; 

Landscape Management Plan/s 

year of update 2004 

link https://www.unh.edu/sites/www.unh.edu/ 

files/departments/facilities/CMP/cmp_200 

4_final_landscape_master_plan.pdf 

based on update 

assessment/data? 

No 

UNH Emergency Operations 

Plan 

year of update 2019 

link Not Publicly Available  



based on update 

assessment/data? 

Yes 

UNH Sustainability Plan 

year of update August 2011 

link https://sustainableunh.unh.edu/sites/susta 

inableunh.unh.edu/files/images/unhsustpl 

anning20112015.pdf 

based on update 

assessment/data? 

--* 

UNH Climate/Energy 

year of update 2014-2020 

link https://sustainableunh.unh.edu/sites/susta 

inableunh.unh.edu/files/images/WildCAP% 

20Update%20FINAL.pdf 

based on update 

assessment/data? 

No 

 year of update Jan-18 

 link https://www.ci.durham.nh.us/planning/ma 

Durham Master Plan  ster-plan 

based on update 

assessment/data? 

Yes 

Durham Multi-Hazard 

Mitigation Plan 

year of update 2017 

link https://www.ci.durham.nh.us/sites/default 

/files/fileattachments/town_administratio 

n/page/54197/multi- 

hazard_mitigation_plan_2017.pdf 

based on update 

assessment/data? 

Yes 

Note 

* This was not found in this study.  

  



Discussion 

Throughout this research, we were interested in evaluating and answering the questions of 

how baseline resiliency measurements can be measured at UNH through Second Nature’s Five 

Capital Framework, while focusing on UNH’s physical and social capitals.  

 

Physical Capital 

The Physical Capital assesses the Universities infrastructure, accessibility, and efficiency. 

Physical Capital is meant to measure progress against objectives when deciding on investments.  

For example, in 2015 UNH started a multi-year project to develop and improve a section of 

Route 108 that leads from UNH’s campus in Durham to a surrounding town, Newmarket. This 

road is a main access point to campus for surrounding towns and UNH choosing to invest in this 

project shows that UNH values how accessible its campus is and that it has a goal of improving 

this. Before this project was started, route 108 was prone to high water levels, poor 

infrastructure, and no lanes for bikers to use the road safely. This would cause delays, road 

closures, and dissuasion for bikers to use the route. When the route is completed in 2019, not 

only will it encourage biking as a commute mode which reduces emissions, but the route will be 

more resistant to road closures due to high water levels and poor pavement. This infrastructure 

project is important because the road was increasingly facing severe weather events causing 

flooding and additional pavement damage. UNH values this type of project and receives certain 

benefits from it, which can be measured and applied to its campus resiliency.  

Understanding building energy efficiency is important for identifying types of energy 

being used and the degree to which energy is consumed per building. Calculating and defining 

this metric is essential for quantifying building performance on campus and in which ways it can 

be refined to compare progress from previous years. This indicator is quite new and important to 

calculate in order to quantify building energy efficiency for each building on campus. However, 

time restraint, lack of data availability and organization has led to difficulties in the calculation 

and analyzation phase of the research. We recommend researchers in the future focus their time 

on the organization of materials and interpretation of data pertaining to this metric prior to 

following through with the provided formula. The importance of annual maintenance and annual 

deferred maintenance is valuable for understanding the size of each budget and what the funds 

that exist in both are being used for. It is necessary to allocate funds towards certain projects to 

be able to implement renovations across campus to create more efficient and productive 

buildings. With these funds, new buildings can be built, and old buildings can be renovated to be 

more energy efficient and economically viable. An example of how to improve building energy 

efficiency is the installation of more modern, energy efficient windows. New windows in older 

buildings or in new infrastructure would reducing energy costs by eliminating the need to 

overcompensate for air leakage and overall save the campus money. Improved building quality 

and efficiency is important for the resiliency of UNH as it allows for more eco-friendly buildings 

and an overall, infrastructurally smaller carbon footprint. The more energy efficient buildings are 

the more money the University will save and can use for other energy efficient projects, 

renovations, or deferred projects in the future.  

Understanding the Air Conditioning indicator is important for measuring and observing 

temperature change and the impact of climate change at UNH. This indicator is a good proxy for 

measuring the outside temperature and how it changes over time. Meaning, as temperature 

increases the need and A/C usage demand will goes up. Therefore, an observable trend of A/C 

usage can be directly related to the changes of the outside environment. Additionally, A/C units 



also emit GHGs, therefore an observable trend of A/C usage can be directly related to UNH’s 

overall emissions. 

Transportation is a key component to our university’s overall greenhouse gas emissions. 

The University operates a wide range of vehicles from maintenance trucks, vans, to machinery 

and included is the Wildcat bus system. The Wildcat bus system is fueled by two different fuel 

types; Compressed Natural Gas (CNG) and B20 Biodiesel. The CNG busses are one of UNH’s 

strongest sources of resiliency; with the fuel source being served directly from the Natural Gas 

Pipeline to campus, offering us a nearly unlimited daily fuel supply for the existing buses 

partnered with 6 large storage tanks. The transit fleet currently consists of 44% CNG fueled 

vehicles for Transit, and with the purchase of 4 new CNG busses this spring, the fleet will be 

nearing 50/50 for fuel source diversity ((CNG) at UNH: FY 2018 Update). As the University 

looks to continue to retire their B20 Biodiesel vehicles, the staff is increasingly exploring electric 

busses as a cost effective and technologically capable method to expand renewable transportation 

on campus. Electric Busses will add a new source of resilience to our campus with large mobile 

batteries to provide students and buildings with access to electricity and local mobility. Future 

research should explore the continually decreasing prices of EV’s and their increasing 

technologic range in the coming years.  

How and through what means our campus is accessed contributes greatly to the emissions 

UNH produces as a community.  Faculty, staff, and students employ a variety of commute modes 

in order to travel to UNH, such as single occupancy vehicles (SOVs), Wildcat Transit, 

carpooling, and biking and walking. Currently, the split of commute mode is composed of SOVs 

at a dominating 60%, showing an area where UNH can improve its resilience. A higher SOV 

percentage means more emissions released per person compared to other, more energy efficient 

commute modes. Measurements of SOV percentage over time directly relate to UNH’s overall 

emissions. 

The calculated greenhouse gas emissions values for scopes 1, 2, and 3 are on track with 

the UNH goal of reducing their greenhouse gas emissions by 50% of 2001 levels by 2020; the 

greenhouse gas footprint is currently 48% lower than it was in 2001 (UNH Sustainability 

Institute, 2018). This is beneficial to UNH’s campus resilience because it improves their impact 

on the global environment by reducing their contribution to global climate change. Through 

reducing their GHG emissions the campus has also moved towards more renewable energy 

sources, improving their ability to function without fossil fuels and providing them with more 

energy flexibility in the event of a severe weather event or other emergency (UNH Sustainability 

Institute, 2018). A target for this indicator is to reduce their GHG emissions to net-zero by 2050 

to align with IPCC recommended levels; this has already been proposed to the University by the 

UNH faculty senate (UNH faculty senate XXIII, 2019 and IPCC, 2018). 

The telecom access and reliability indicator are important for measuring how dependable 

UNH’s access to internet and phone service are. It also attempts to measure how effective the 

UNH emergency alert system is by measuring the number of people enrolled in the system. The 

data available to measure these metrics was not available through the sources that we identified 

but is helpful data to be able to measure campus resilience in the future.  

The physical indicator calculations were limited by the availability of data from the 

University and other outside sources such as field experts and third-party databases. Not all data 

spreadsheets are available to the public which can create a slow, communicative heavy, lengthy 

data collection and manipulation process. For example, the metrics identified under the telecom 



access and reliability indicator were not available through the sources that were originally 

identified.  

 

Social Capital 

UNH’s structural connections for coordination and planning indicator found that multiple 

committees and task forces exist to facilitate social connections at the campus and community 

level. However, the majority of these organizations do not publicly publish up to date meeting 

minutes and have varying levels of discipline diversity within the committee. This means that 

transparency is largely lacking within these structural connections and is preventing UNH from 

having the most open community possible because the majority of organizations do not publish 

minutes. Transparency is important to resilience because it enables the community and relevant 

stakeholders to be aware of and involved in decisions made in their community regarding 

responses to sustainability issues such as energy usage, social justice, and emergency response. 

The diversity measured in this indicator is referring to discipline diversity, or the number of 

individuals on each committee that come from different departments and disciplines. Diversity is 

important because it adds value to the discussion being had in these committees by bringing 

together multiple perspectives and being inclusive to the community as a whole (The Five 

Capitals, 2018).   

The ability to experiment, monitor, and adapt looks at the existence of up to date plans 

related to sustainability issues and determined that all the plans identified had been updated 

within the last 15 years and all, but one is available online. Many of these plans project activities 

for 10-20 years in the future, which is why it is acceptable for them to be greater than 10 years 

old in some cases. This means that the campus has fairly up to date plans, some more recent than 

others, and is able to operate effectively. The existence of these plans is representative of the fact 

that the UNH campus has the ability to monitor the past and present and plan for the future. 

Through this process it is also demonstrated that they have the ability to experiment because they 

have successfully made documents with clear guidelines for how to approach different resilience 

related issues (The Five Capitals, 2018). Without these reports existing and being made public 

the University would not be able to assess their current situation or plan for the future.  

The social indicator calculations were limited by the availability of data from UNH, 

outside sources and third-party databases. If more data were available, these indicators would 

have been able to be further expanded upon by measuring a larger number of committees and 

plans of action.  

This project was not focused on interpreting to what degree UNH is resilient based on the 

baseline values but instead, lay the foundation for future researchers to analyze each year in the 

future. Determining target values and re-measuring these metrics annually is what will allow 

future researchers to understand UNH’s resilience. This project explicitly focused on 

understanding if these types of baseline values can be calculated, what type of data is necessary 

for calculations, and if the needed data is available or easily accessible.   

 

Next Steps  

Only a select amount of social and physical indicators was calculated in this study, 

therefore future research must be done to complete the social and physical capital’s indicators 

and to expand the list of indicators to include all Five Capitals. Future research should be 

conducted, yearly, to calculate the same set of metrics to track changes and progress. With 

additional time, direction, and research, this set of metrics could be expanded upon to include 



other changes in demographics, transportation modes, or many other areas of continued change 

on campus that relate to resilience. A recommendation to complete this is to establish a system or 

committee that could gather and compile all the data needed for future calculations and results. 

Additionally, future researchers should set target values based on these calculated values for 

UNH to start evaluating its progress against itself and ultimately, towards resilience.  

 

Conclusion 

Designing and incorporating resilience into a university or campus is important for its 

long-term viability and vulnerability. While an institution is a center for education, it also acts as 

a place of employment, a research center for innovation and usually, a centerpiece for the 

surrounding communities (Campus Resilience Challenge, 2018). By understanding the financial, 

environmental, and physical impacts and consequences of climate change, facilities can make 

informed decisions in order to improve their overall resilience. Incorporating resilience will 

allow the university to track, observe, and set goals and benchmarks in order to make 

improvements. This builds upon Second Nature's Climate Resilience Commitment guidance and 

research. By implementing this type of plan, universities can start making impactful changes 

towards long-term energy costs, costs of climate disturbance, and increase their student’s and 

staff’s quality of life through creating a vital, ethical, and prosperous civil society (Climate 

Resilience). Identifying and measuring indicators and metrics in these capitals are crucial for 

driving change at UNH. Metrics are an important tool for measuring UNH's baseline resiliency 

values and progress. Change cannot be managed if objectives are not measured. By supplying 

quantitative measurements to each metric, the results can be combined into a cohesive call for 

action and can be used to track progress towards future objectives. Future objectives for campus 

resiliency will aim to promote renewable resources, improve energy efficiency, and expand 

public dialogue across campus to increase the University’s overall accessibility, transparency, 

and sustainability.  
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