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Resilience is the capacity to deal with change and continue to develop.

Social-ecological systems are linked systems of people and nature. The term 
emphasizes that humans must be seen as a part of, not apart from, nature — that 
the delineation between social and ecological systems is artificial and arbitrary. 
Scholars have also used concepts like ‘coupled human-environment systems´, 
‘ecosocial systems´ and ‘socioecological systems´ to illustrate the interplay 
between social and ecological systems. The term social-ecological system was 
coined by Fikret Berkes and Carl Folke in 1998 because they did not want to treat 
the social or ecological dimension as a prefix, but rather give the two same weight 
during their analysis.

Ecosystem resilience is a measure of how much disturbance (like storms, fire or 
pollutants) an ecosystem can handle without shifting into a qualitatively different 
state. It is the capacity of a system to both withstand shocks and surprises and to 
rebuild itself if damaged.

Social resilience is the ability of human communities to withstand and recover 
from stresses, such as environmental change or social, economic or political 
upheaval. Resilience in societies and their life-supporting ecosystems is crucial in 
maintaining options for future human development.
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Vulnerability refers to the propensity of social and ecological systems to suffer 
harm from exposure to external stresses and shocks. Research on vulnerability 
can, for example, assess how large the risk is that people and ecosystems will be 
affected by climate changes and how sensitive they will be to such changes. 
Vulnerability is often denoted the antonym of resilience.

Anthropocene is a term coined in 2000 by the Nobel Prize winning scientist Paul 
Crutzen. It describes the most recent period in the Earth's history, starting in the 
18th century, when the activities of humans first began to have a significant global 
impact on the Earth's climate and ecosystems.
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MINNESOTA SUSTAINABLE BUILDING 2030                                           
CASE STUDY METRICS – www.casestudies.b3mn.org

Bear Head Lake State Park

Western U Plaza

NCC Academic Partnership 
Center

Maplewood Mall Parking 
Structure

Hennepin County 911 Facility

Kendall’s Payne Avenue 
Hardware

SCC Classroom Renovation and 
Addition

PTC Entrepreneurship Center 
and Business Incubator

BSU Decker Hall Renovation

Big Bog State Recreation Area

UMM Green Living and 
Learning Community

Washburn Center for Children

Hamline Station

MSU Science Education 
Building

Camp Ripley COE Training 
Facility

Duluth Entertainment and 
Convention Center

Tettegouche Visitor Center and 
Rest Area

NHCC Biosciences and Health 
Careers Center

Duluth Armory

Silver Creek Corner

MnSCU Mankato Clinical 
Sciences Building

Minnesota National Guard Winona 
Armory Renovation

BSU Memorial Hall Renovation

STCC Medium Heavy Truck 
and Auto Body



System Design

John Tillman Lyle, Regenerative Design for Sustainable Development, 1994
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RegenerativeExisting



Vulnerability Assessment Framework

SERDP and ESTCP Webinar Series, Vulnerability Assessments and Resilience Planning at Federal Sites, 2016 
Strategic Environmental Research and Development Program (SERDP), Environmental Security Technology Certification Program (ESTCP)
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Future Weather Files

Intergovernmental Panel on Climate Change, Fifth Assessment Report. 2014

• Morphed weather files for the Minneapolis / Saint Paul Area 
• Future performance analyzed using RCP 8.5, 50th percentile
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Prototype: Multi-Family Residential: “Shelter in Place”
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Prototype: Library: “Resilience Hub”
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Prototype: Library

Potential Areas Served by Disaster Hubs

Minneapolis
Saint Paul

15



Prototype: Library

Potential Population Served by Disaster Hubs 
American Community Survey, 2015

Library can support approximately 550 
people in ‘hub mode’ 
• Roughly 10% of population living 

within ½ mile 
• Statistically will include:

• 64 people with a disability 
• 125 people living within 

150% of poverty line 
• 42 children under age 5 
• 52 people over age 65
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Future Weather Files

Predicted Effectiveness of Comfort Strategies for Minneapolis / Saint Paul – Climate Consultant, UCLA Energy Design Tools Group 
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Future Weather Files

• Energy use in code buildings decreases over time 
• Increase in cooling load is outweighed by decrease in heating loads 
• Energy use in high performing buildings stable over time

OPTIMIZEDASHRAE 90.1 - 2010ASHRAE 90.1 - 2004
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• Energy use in code buildings decreases over time 
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• Energy use in high performing buildings stable over time
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OPTIMIZEDASHRAE 90.1 - 2010ASHRAE 90.1 - 2004



Prototype: Multi-Family Residential

Simulated Energy Use during Standard Operation and Shelter in Place Operation. Energy Modeled in IES-VE 2015
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Prototype: Multi-Family Residential

Predicted PV Production and Predicted Energy Use. Energy Modeled in IES-VE 2015, PV data from NREL PVWatts

Max PV = 789 kWh

Standard = 835 kWh

Shelter in Place = 358 kWh

Min PV = 237 kWh
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Prototype: Library

Simulated Energy Use during Standard Operation and Disaster Hub Operation. Energy Modeled in IES-VE 2015
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Prototype: Library

Predicted PV Production and Predicted Energy Use. Energy Modeled in IES-VE 2015, PV data from NREL PVWatts

Max PV = 1513 kWh

Standard = 894 kWh

Hub = 2100 kWh

Min PV = 454 kWh

23



Regenerative and Resilient Design Strategies
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B3 RESILIENCE GUIDELINES
Liz Kutschke, Center for Sustainable Building Research
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NEW B3 GUIDELINE

• New guideline added to Performance Management section

• Project teams will complete a vulnerability and capacity 
assessment using the B3 Resilience Tool

• Project teams will implement at least one resilient design 
strategy based on vulnerability and capacity assessment
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B3 RESILIENCE TOOL

• Excel worksheet tool 

• County level data, sourced from Minnesota State Hazard 
Mitigation Plan, 2019 

• Natural hazards and human-made hazards

• System assessment and goal setting 

• Resilient design strategy bank 
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B3 RESILIENCE TOOL – PROJECT ASSESSMENT
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Resilience Goals in the Event of an Emergency:

• Shelter-In-Place: Secure current occupants and support 
health, safety, and welfare for duration of 4 days during a 
system outage

• Resilience Hub: Secure occupants and accept others in need 
of shelter, and support health, safety, and welfare for 
duration of 4 days during a system outage

• Evacuate and Shut Down: Safely evacuate occupants and 
secure building systems against physical damage. 
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DESIGN STRATEGY SOURCES
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PILOT
CREDITS



ADDITIONAL RESILIENCE GUIDELINES
• Energy Efficiency - Required

o Perform energy model with future weather file to determine impacts 
on energy use and HVAC system sizing 

• Thermal Comfort - Recommended
o Demonstrate passive survivability in the event of a power outage 

lasting 4 days 

o Environmentally Preferred Materials - Recommended
o Fire-resistant and non-combustible exterior materials 
o High impact and wind resistance ratings for glazing 
o Locally sourced materials
o Insect resistant materials  
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EXISTING RESILIENCE IN B3

• Site and Water
o S.1- Human System Connections
o S.2- Site Water Quality and Efficiency
o S.3- Soil
o S.4- Sustainable Vegetation Design

• Energy and Atmosphere
o E.1- Energy Efficiency
o E.2- Renewable Energy
o E.3-Efficient Equipment and Appliances
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EXISTING RESILIENCE IN B3

• Indoor Environmental Quality
o I.2- Moisture and Water Control
o I.4- Thermal Comfortt
o I.5- Lighting and Daylighting
o I.8- Ergonomics and Physical Activity
o I.9- Wayfinding and Universal Access

• Materials and Waste
o M.3- Waste Reduction and Management
o M.4- Health
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PEER PROGRAMS – OPTIONAL MEASURES

• LEED v4.1
o Innovation Credit – Implement Pilot Credit, 1-5 pts 
• Pilot Credit 98 – Assessment and Planning for Resilience 
• Pilot Credit 99 – Design for Enhanced Resilience

• Enterprise Green Communities 
o Resilient Communities: Multi-Hazard / Vulnerability Assessment (10 pts)
o Resilient Communities: Strengthening Cultural Resilience (8 pts)
o Access to Potable Water During Emergencies (8 pts)
o Resilient Energy Systems: Flood Proofing (8 pts)
o Resilient Energy Systems: Critical Loads (8 pts) 
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RESILIENCE IN PRACTICE
Becky Alexander, LHB
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• Understand site hazards, 
vulnerability, and risks

• Analyze risks to building
• Discuss risks with the client
• Assist in setting resilience 

goals
• Recommend strategies
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WHAT IS THE ARCHITECT'S ROLE IN DESIGNING FOR RESILIENCE?

Photo of Cascade Meadows Wetlands and Environmental Science Center, LHB.



Inform site selection and 
programming

51

CONDUCTING A VULNERABILITY ASSESSMENT

Census Block #271230409012003 and 100-Year Floodplain in Mounds View, Ramsey County Multi-Hazard Mitigation Plan, 2019.



Leverage existing city or county plans for hazard mitigation, 
climate adaptation, and/or resilience planning
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CONDUCTING A VULNERABILITY ASSESSMENT

Saint Paul Extreme Heat Risk Map, Saint Paul Climate Action & Resilience Plan, December 2019. 



Use plans, maps, and data 
together.
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CONDUCTING A VULNERABILITY ASSESSMENT

MPCA and Pale Blue Dot, Roseville Population Vulnerability Assessment and Climate Adaptation Framework, 2018.



Use plans, maps, and data 
together.
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CONDUCTING A VULNERABILITY ASSESSMENT

MPCA and Pale Blue Dot, Roseville Population Vulnerability Assessment and Climate Adaptation Framework, 2018.



Note the age and source of the data 
referenced in plans and hazard maps.
Consider future projections.
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CONDUCTING A VULNERABILITY ASSESSMENT

MPCA and Pale Blue Dot, Roseville Population Vulnerability Assessment and Climate Adaptation Framework, 2018.



probable disaster

JUDGING THE RELATIVE RISKS
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rare catastrophe

bad luck management challenge

IM
PA

CT

LIKELIHOOD



• Resilience is a design 
challenge

• Involve an integrated design 
team 

• Goals will vary by program 
and hazard type
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SETTING RESILIENCE GOALS

Photo of Saint Louis County Public Works Facility, LHB.



DEGENERATIVE
• loses critical 

functionality in 
response to short-
term shocks; cannot 
accommodate social, 
economic, and 
environmental 
changes

• burdens the 
surrounding 
community during 
periods of disruption 
or stress
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SETTING RESILIENCE GOALS

SUSTAINABLE
• maintains critical 

functionality in event 
of short-term shocks 
and predicted social, 
economic, and 
environmental 
changes

• neither supports nor 
burdens the 
surrounding 
community during 
periods of disruption 
or stress

REGENERATIVE
• dynamically adapts in 

order to thrive in 
event of short-term 
shocks and changing 
social, economic and 
environmental 
conditions 

• serves as resource 
reservoir to replenish 
nearby stressed 
systems

LHB Thrive
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SETTING RESILIENCE GOALS

AIA Minnesota, CSBR, Colloqate Design, and the McKnight Foundation, 21st Century Development Matrix.



• Coordinates resource distribution and services 
before, during, or after a hazard event

• Provides shelter, electricity, water, food, ice, 
refrigeration, charging stations, and basic medical 
supplies

• Could provide: space for growing food, trees for 
shade, resilience education

• Comprehensive model: Community ownership of 
hub within a well-trusted community building, 
offering services throughout the year
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RESILIENCE HUB

Photo of Essentia Wellness Center (Hermantown), LHB.



SUSTAINABILITY SYNERGIES
• Site selection 

• Alternative transportation support

• Stormwater management

• Sustainable vegetation design

• Water and energy efficiency

• Passive strategies for thermal comfort and 
daylighting

• Renewable energy

• Design for disassembly

• Universal access and wayfinding

61
Photo of National Eagle Center, LHB.



SUSTAINABILITY CONFLICTS

• Programming for infrequently 
used services may increase 
building size

• Oversized/undersized systems 
(e.g. structural, mechanical)

• Redundant systems (e.g. power 
supply)

• Extra systems (e.g. air 
conditioning)
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Photo of District Energy St. Paul’s Jemne Building mechanical room, LHB.



KEY TAKEAWAYS

1. Value to client

2. Raise the topic

3. Consider the future

4. Envelope performance is critical

5. This is just another design 
problem to solve

• Know your goal

• Focus on the top hazard(s)

• Synergize with other strategies 
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Photo of USFWS Necedah Visitor Center, LHB.



QUESTIONS?

SPEAKERS

Footer graphic adapted from “Integrative Process” diagram by 7group and Bill Reed.
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Becky Alexander, LHB 
becky.alexander@lhbcorp.com

Richard Graves, CSBR 
rmgraves@umn.edu

Liz Kutschke, CSBR 
kutsc009@umn.edu

PROJECT SPONSORS

PROJECT TEAM

www.b3mn.org

mailto:becky.alexander@lhbcorp.com
mailto:smit2059@umn.edu
mailto:smit2059@umn.edu
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