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Key Points

• Social, economic and environmental systems form tightly coupled, complex 
and dynamic relationships.

• Environmental problems are inherently social phenomena - understanding 
environmental change needs to consider connections between human 
activities, ecological and human impacts, and societal responses.

• These connections emphasize the need to consider economic, behavioral, 
sociocultural and institutional dimensions to understand drivers, impacts, 
and adaptive management of environmental change.

• Analysis and management of environmental issues require integrated 
frameworks across social-natural science disciplines, supported by 
interdisciplinary approaches and data and informed by decision contexts. 



Advancement Needs for Integrated Analysis

• Understand interactive drivers and factors across scales and systems
• Represent behaviors, institutional evolutions and social processes
• Capture social and demographic specificity
• Ability to model socioeconomic shocks
• Include multi-dimensional metrics and evaluation of well-being
• Provide decision-relevant exploration
• Integration of biophysical and socioeconomic data and analysis
• Collection of and access to consistent socioeconomic data across 

scales



Outline

• Social science perspectives on climate change drivers, vulnerability, 
responses, and innovative methods and tools

• Case study: Socio-environmental indicators of wildfire risks, 
vulnerability and resilience 

• Further thoughts on data, methods and decision-relevant research



Drivers of Climate Change

• Key factors driving climate change: 
• population growth and demographic shifts
• economic systems (growth, consumption, production, and trade)
• political power, social stratification and inequality
• technology and infrastructure
• land use change and land transformation (e.g., urbanization) 

• These factors form dynamic interactions both in the short- and the long-
term and across spatial scales 

• Social and cultural contexts are important for understanding the drivers of 
emissions (such as consumption culture, norms, values, and lifestyles)

• The importance of understanding path dependency
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Economic activities, and associated growth in income and consumption are major drivers of carbon emissionsPower and forms of inequality are often key factors that shape energy consumption and carbon emissions at national and subnational levelsAnalyses at the micro‐level (e.g., household), and in particular spaces (e.g., urban areas), emphasize that sociocultural and structural contexts are important for understanding consumption as a driverPopulation growth is a major driver, but not all humans contribute equally to emissions (geographical, structural, temporal variation)Land use and transformation are important drivers of climate change because they result from complex interactions at multiple levels



Vulnerability to Climate Change
• Differential human vulnerability to environmental hazards results from a range of social, 

economic, historical, and political factors, which operate at multiple scales. 

• Social vulnerabilities to climate change are both tangible (e.g., infrastructure) and intangible (e.g., 
social life).

• Access to resources is one critical factor that shapes communities’ ability to plan for and respond 
to the impacts of climate change. 

• Cultural systems shape how people understand environmental change, while at a local or regional 
scale culture and history may constrain the feasible responses to climate-change threats. 

• The information that individuals, organizations, communities, and societies have about likely 
future climate conditions and how they use it are crucial in determining their vulnerability. 



Innovative Interdisciplinary Methods
• Social sciences provide a range of quantitative and qualitative methods and data to study coupled 

human and natural systems  (e.g., integrated assessment modeling, multi-scale and multi-sector 
analysis of impacts and resilience)

• Innovative tools and recent advancements:
• Geospatial tools, e.g., remote sensing coupled with socioeconomic data
• Agent-based modeling
• Big Data
• Real-time disaster response data (e.g., cellphone use, social media)

• In addition to modeling, empirical analysis, scenarios, indicators, case studies, surveys can be 
incorporated

• Measurements of both the tangible (e.g., economic, infrastructure) and the intangibles (e.g., way 
of life, ecosystem services) 



Additional Resources & Publications

US Global Change Research Program Social Science Coordinating Committee 
“Social Science Perspectives on Climate Change”  

1. Characterizing differences between and within communities affecting social 
vulnerability to climate change

2. Providing social science perspectives on drivers of and responses to climate change

3. Identifying innovative tools, methods, and analyses to clarify the interactions of 
human and natural systems under climate change

https://www.globalchange.gov/content/social-science-perspectives-climate-change-
workshop

https://www.globalchange.gov/content/social-science-perspectives-climate-change-workshop


Federal 
researchers & 

program 
managers

Co-production of Knowledge

• Three-day workshop held in 
March 2017 at NASA

• ~90 attendees 
• 13 federal agencies and IWGs
• 23 universities
• 4 professional associations 
• 3 NGOs
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Socio-Environmental Indicators: A case study 
of wildfire risks, vulnerability and resilience

Wildfire Activity Wildland Urban Interface Fire Management

Jia Li, Mike Kolian, Carrie Hritz, Chelsea Combest-Friedman, Ilya R. Fischhoff



Climate Change Indicators

• Need to communicate, monitor, measure, and analyze complex information on 
dynamic trends related to climate change, impacts and vulnerabilities of socio-
ecological systems, and inform and evaluate response decisions

• Many existing indicators focus largely on the indicator’s ability to detect a physical 
change or response (e.g., temperature, precipitation) to climate change (NASA 
2019; NOAA 2019; USEPA 2016) with less attention given to the development of 
proxies for the complex human dimensions (e.g., drivers, impacts, responses).

• Barriers to the development and operationalization of coupled socio-
environmental system indicators: (1) conceptual differences regarding what 
should be measured and how, and (2) challenges to data integration, scale, and 
gaps in data collection.
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Research Summary
• Purpose: Investigate strategies for developing coupled socio-environmental 

systems (SES) indicators that integrate socioeconomic data and indicators on 
human dimensions with more ‘traditional’, biophysical indicators of climate 
change.

• Approach: An interdisciplinary collaboration to assess social science and 
indicators literature and use a case-study approach to explores issues 
related to indicator goals and uses, multi-scalar indicator development, 
issues for integrating socioeconomic and environmental data.

• Case study: Multi-scalar SES indicators of wildfire risks, vulnerability and 
resilience at national, state and local levels.
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Example Wildfire Questions Across Scales
Scale Example Questions
National 1. Under changing climate and socioeconomic conditions, what are trends in wildfire hazards, 

exposures, vulnerability and impacts?  
2. Which areas are prone to increasing wildfires? 
3. What is the economic risk of wildfires?   
4. What population groups may be more vulnerable to wildfire risks?

Region/State 1. Similar questions as for “National” 
2. What areas and populations are vulnerable to wildfires?
3. How should resources be allocated to increase resilience to wildfire events? 
4. What measures are needed for forest management? 
5. What the barriers are to increased resilience? What are the external and internal limits and 

drivers to change?

Local 1. Similar questions regarding wildfire risks and vulnerability as under “National”;
2. Which areas and housing are more prone to wildfire risks?
3. Which population groups are more vulnerable to wildfire risks? 
4. How to improve targeting of fuel treatments and prescribed burns? 
5. How to target community fire preparedness and resilience efforts?
6. How can local policies (e.g., zoning, building codes) enhance resilience of local community? 



Indicators characterize physical changes related to U.S. 
wildfire activity, vulnerability, and exposure risk.
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Case Study: Wildfires Activity and Related Trends

Other long-term trends over the last 30+ years (Western U.S):
Earlier snowmelt, less summer rain, less snow days. 
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Wildland Urban Interface (WUI)

Boulder County is experiencing key changes:
• Accumulation of wildland fuels from past suppression.
• Expansion of the wildland-urban interface.

Waldo Canyon Fire. Source 

The WUI is defined as “the line, area, or zone where 
structures and other human development meet or 
intermingle with undeveloped wildland or vegetative fuels.”

The challenge: WUI is dynamic; no consistent definition; 
scale dependent.

The WUI Boulder, CO consists of private land in many 
areas (not just public forests). 

35% growth in homes the last decade.
60% of this zone has been developed.
#1 densest development in Colorado. 

Presenter
Presentation Notes
Estimate changes in wildfire statistics (burned area) with vulnerable residential population, and land use/land cover change

http://www.lbfr.org/wildfire/the-wildland-urban-interface-building-homes-in-the-red-zone/


Boulder, County WUI and Population Change
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Local Vulnerability, Resilience and Adaptive 
Capacity
• Socioeconomic factors are multi-faceted, dynamic, and place specific, e.g.:

• forest management practices (e.g., thinning, fuel treatment)
• land use (e.g., zoning)
• land ownership
• residential ownership
• Income/access to resources
• demographics (e.g., number of seniors living alone)
• risk perceptions
• social networks and community cohesion

• A diverse set of information can be integrated to visualize and analyze the 
dynamic interactions between wildfires and social vulnerability at the local 
and community level. 
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Dynamic changes to adaptive capacity

• In a series of case studies, 
researchers found the process of 
developing a Community 
Wildfire Protection Plan (CWPP) 
can lead to enhanced 
community adaptive capacity 
with social networks, learning, 
and community building (Jakes 
et al. 2007; Brenkert-Smith, 
Champ & Flores 2012).
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Boulder County CWPP, a partnership of local 
governments and diverse stakeholders.

Figure: Boulder Wildfire Partners – home 
certification program.

Source: www.wildfirepartners.org/

https://www.wildfirepartners.org/
http://www.wildfirepartners.org/


Key Findings

• With increasing availability of scalable biophysical and socioeconomic data, 
indicators could be developed across scales and for different purposes

• As the wildfire case study demonstrates, there are common questions 
across scales, which affirms the value of developing indicators at various 
scales through a consistent framework

• The complexity and challenges of describing social dimensions increase 
when indicators are moving from national to regional to local scale. It is 
important for indicators to incorporate place-based data and local 
knowledge with input from stakeholders to be decision relevant
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Key Findings (2)

• There are diverse approaches that can be used to develop SES 
indicators (e.g., statistical analysis, spatial analysis and mapping, case-
studies, social network analysis, scenario analysis) and integrate 
socioeconomic and environmental data

• The existing, accessible datasets can serve as a starting point for 
developing SES indicators. However, there are critical gaps in data 
availability and consistency that need to be addressed to advance the 
development of SES indicators to measure coupled social and physical 
changes

• Needs to harness, generalize and scale up case studies
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Decision-Relevant Scientific Exploration

• Define clear goals and audience for analysis and use. 

• Co-production of knowledge: Analysis (e.g., modeling, indicators) will be 
driven by clear questions and audiences.

• Design question-driven, user-inspired science and research, with effective 
translation at all levels throughout the research and implementation 
stages.

• Develop strategies for enhancing partnerships that cross federal, state, 
local and organizational boundaries, and create “community of practice”.  
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