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Abstract
The Indiana Climate Change Impacts Assessment (IN CCIA) is a collaborative effort to
provide professionals, decision makers, and the public with information about how
climate change affects state and local interests throughout Indiana, USA. This assessment
effort has three interrelated goals: (1) analyze and document the best available climate
change impacts research, (2) develop and maintain a network of stakeholders and experts,
and (3) start a dialog about climate change throughout Indiana. The project adopted a
process that prioritized stakeholder engagement, re-envisioned traditional dissemination
approaches, and that had limited state government involvement, setting the IN CCIA
apart from most other state climate assessments (SCAs) in the USA. This overview
describes the motivations, principles, and processes that guided the IN CCIA develop-
ment, explores how Indiana’s approach compares with those of other SCAs, and briefly
summarizes the papers presented in this special issue. As interest in SCAs grows in non-
coastal and politically conservative locations, the IN CCIA serves as one example of how
a bottom-up assessment with limited funding can deliver credible climate science to
diverse stakeholder groups in the absence of state-level mandates or direction and attract
public attention over an extended period of time.
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1 Introduction

As human activities trap increasing amounts of heat in Earth’s oceans and atmosphere
(USGCRP 2017; IPCC 2014), a growing number of global and national reports describe
trends in past weather data, provide projections of future climate, and assess how these
changes affect natural and human-built systems. These broad climate assessments provide
valuable insights about the scope and scale of threats facing the world, but they lack the locally
relevant information required to support state and community climate adaptation and mitiga-
tion actions (Kirchhoff et al. 2019).

To fill this information gap for local decision makers and residents, 27 different US states
had completed at least 50 state climate assessments (SCAs) by 2020, with three additional
states conducting their first (Fig. 1). At least ten states have undertaken more than one
assessment, with the earliest SCAs dating back to 1989. The motivation driving these
assessments (mandated by state governments or conducted in alignment with an organization’s
mission without a mandate), their scope, and the groups(s) responsible for leadership and
oversight, have varied by location (Supplemental Table 1). The state-level scale of analysis
recognizes that, while climate change is not constrained by political boundaries, state and local
decision makers must work within them.

There are no established standard practices for conducting state or national climate assess-
ments. However, several assessment teams have outlined their experiences with conducting
assessments (NAS 2019), engaging stakeholders in the climate assessment process (Cloyd
et al. 2016; Galford et al. 2016), and evaluating similarities and differences among climate
assessments (Kirchhoff et al. 2019). From these accounts, it is clear that SCAs are uniquely
positioned to provide relevant, actionable information at local scales.

Fig. 1 Status of state climate assessments (SCAs) in the USA as of 2020. A key to the state abbreviations and
details about the individual SCAs is provided in Supplemental Table 1
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SCAs serve to generate primary data sources, build networks of experts, and inform
stakeholders (Galford et al. 2016). SCAs provide science from local trusted sources, and they
serve as a connection point between experts and decision makers (Kirchhoff et al. 2019).
Finally, similar to national-scale assessments, SCAs can become useful and influential deci-
sion tools when they are perceived by stakeholders as being credible, legitimate, and salient
(Cash et al. 2003; Lemos et al. 2012; Kirchhoff et al. 2019).

Here, we summarize the process used to conduct and disseminate the Indiana Climate
Change Impacts Assessment (IN CCIA) and place the IN CCIA in the context of other SCAs.
We also provide a brief description of, and context for, the additional papers in this special
issue, which served as the technical papers supporting the IN CCIA.

2 Indiana’s physical and social climate

Located in the central USA, the state of Indiana has a hot-summer humid continental climate,
with humid subtropical climate conditions in the southern reach of the state. Indiana experi-
ences four distinct seasons with large temperature extremes and year-round precipitation.
Warm season precipitation is dominated by convective storms that can bring threats of
tornadoes and extreme wind. Cold season precipitation is driven by large-scale midlatitude
systems, providing a mix of snow and rain in the north and predominantly rain in the south.

From 1895 to 2019, Indiana’s annual average temperature warmed by 0.72 °C and annual
precipitation increased by 165 mm (16%; NOAA 2020). Future climate projections estimate
that average annual conditions during the period 2041–2070 will warm 2.79–3.33 °C with 6–
8% more precipitation, relative to the period 1971–2000 (Hamlet et al. 2019). As highlighted
within this Special Issue, a shifting climate has far-reaching consequences for Indiana’s
residents, social and natural systems, and economy.

Indiana’s Gross State Product (GSP) was $332bn in 2019, ranking 38th out of all 50 states
(BEA 2019). The top three sectors contributing to Indiana’s GSP are manufacturing (30%),
real estate (11%), and health care (9%) (IBIS World 2019). The top sectors contributing to
individual employment are manufacturing (557 k jobs), health care (451 k jobs), and retail
trade (393 k jobs) (IBIS World 2019).

Agriculture and forestry, while contributing just over 1% to Indiana’s GSP (BEA 2019),
use the majority of land area in the state and are highly sensitive to weather and climate
extremes. Indiana is a top contributor to US corn and soybean production and also produces
several specialty crops (such as blueberries, processing tomatoes, and watermelon) and
livestock (such as hogs, chickens, and eggs) (USDA NASS 2017).

While many economic sectors face some level of increased risk as weather and climate
extremes intensify, there are other socio-economic and political factors that will contribute to
the state’s overall climate change vulnerability. Indiana ranks 41st in the country for overall
health rankings, with high prevalence of smoking, obesity, and physical inactivity; poor air
quality, and very low public health funding (America’s Health Rankings 2019). Aging
infrastructure and low financial investments puts added strain on the state’s roads, bridges,
and dams along with drinking and wastewater facilities (ASCE 2017).

Despite observed climate trends and existing vulnerabilities, public perceptions about
climate change are at odds with scientific conclusions. While nearly all climate scientists
conclude that climate change is happening (Cook et al. 2016), public opinion polls show the
percent of Indiana residents who understand climate change is happening to be between 64%
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to 79% (Howe et al. 2015; Daugherty et al. 2020; Houser et al. 2020). Additionally, scientific
consensus about climate change is not recognized by one third of Indiana residents, and among
Indiana residents who understand that the climate is changing, approximately half do not know
or have little/no concern about climate change personally affecting them (Houser et al. 2020).

Many studies have revealed strong connections between political affiliations and
climate change risk perceptions (see Santos and Feygina 2017 for an in-depth review),
with people who identify as Republican or politically conservative having significantly
increased skepticism about climate change science than those identifying as Demo-
cratic or politically liberal. Indiana has had Republican governors since 2005. A
Republican majority has ruled in the Indiana House of Representatives since 2011
and the Indiana Senate since 1979 (Ballotpedia 2020).

3 The Indiana Climate Change Impacts Assessment (IN CCIA)

3.1 Background

The first climate change assessment for Indiana (PCCRC 2008) was completed in
2008 by faculty at Purdue University at the request of US Senator Richard Lugar,
who at the time, was preparing to vote on the Lieberman-Warner Climate Security
Act of 2007–2008. Purdue experts were given only a few weeks from the time of the
request to produce the climate report, which was designed primarily to inform
Indiana’s members of the US Congress about the potential for climate change to
affect the state. The climate assessment outlined potential impacts assuming no action
was implemented to curb global greenhouse gas emissions. It included quantitative
analysis based on published and unpublished data from Purdue University researchers
along with qualitative expert opinions. The report concluded that Indiana is likely to
experience more extreme heat, thunderstorms, and winter and spring rainfall, which
will have subsequent effects on human health, crop production, soil quality, and
wildlife habitats. Scientists also noted the potential for agricultural lands to offset
carbon emissions and the resulting co-benefits of carbon sequestration practices. The
Lieberman-Warner Climate Security Act of 2007–2008 ultimately failed to pass the
US Senate, with Senator Lugar voting against it.

The 2008 assessment was overseen by the Purdue Climate Change Research Center
(PCCRC), a faculty-led center established in 2004 to facilitate interdisciplinary climate change
research, education, and engagement. The PCCRC provided open access to the 2008 Purdue
report (PCCRC 2008) on its website, and for nearly a decade, it remained the only statewide
review of climate risks for Indiana.

In the years following the 2008 Purdue report, several international, national, regional, and
sector-based assessments examined how projected changes in climate would affect natural and
human-built systems. This growing body of research resulted in frequent inquiries to the
PCCRC for updated state-level climate impact information. Nearly a decade later, in 2017, the
PCCRC embarked on a new effort, called the Indiana Climate Change Impacts
Assessment (IN CCIA), to fulfill these information requests. The IN CCIA puts
Indiana in a group of just 10 states that have completed more than one SCA as of
2020. Six SCAs have been conducted in California with all but one fulfilling a state
mandate and including the earliest SCA on record in the USA.
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Pennsylvania has four completed reports, all of which resulted from a state mandate.
Oregon (state mandated) and Maine (not mandated) both have three completed reports. The
remaining six states all have two assessments with a mix of motivations driving the SCAs.

3.2 Approach and guiding principles

The IN CCIA was designed to provide an updated, in-depth look at the many ways the
changing climate is expected to affect state and local interests, such as public health, agricul-
ture and forestry, tourism and recreation, water resources, and electricity supply and demand.
The assessment process was designed around the guiding principle that usable climate science
must be perceived as credible, legitimate, and salient (Cash et al. 2003; Lemos et al. 2012),
making stakeholder engagement and diverse content expertise a high priority.

The IN CCIA had three interrelated goals: (1) analyze and document the best available
climate change impacts research, (2) develop and maintain a network of stakeholders and
experts, and (3) start a dialog about climate change across the state.

Unlike many other SCAs, the IN CCIA is a mission-based, bottom-up assessment effort,
conducted in the absence of a state government mandate or policy and with no external
funding. The PCCRC provided funding to support coordination and dissemination, while
expert and stakeholder contributions were provided in-kind. Among other SCAs in the US,
about half have been conducted to fulfill a state mandate while half were conducted
in the absence of a mandate (mission-based; Supplementary Table 1). All except ten
SCAs clearly included guidance or notable involvement from state agency personnel
and/or elected state officials, with Indiana’s two SCAs both having no deliberate
involvement from top state officials.

3.3 Stakeholder engagement

Stakeholder engagement, communication, and partnership building are essential for ensuring
the usefulness, usability, and acceptance of climate information (McNie 2013; Cloyd et al.
2016). Therefore, the IN CCIA process prioritized stakeholder involvement at all stages of the
assessment. We hoped that this process would lead to a more useful set of assessment
products, increase buy-in and support from the intended audience, increase awareness about
the IN CCIA, and help Indiana residents identify ways that climate change affects them and
their communities. While this engaged approach follows “best practice,” few other SCAs have
implemented it. According to Kirchhoff et al. (2019), which included the IN CCIA in the
analysis, “only 2 of the 14 assessments [they reviewed] invested heavily in engagement and
communication in addition to knowledge creation.”

We broadly define stakeholders as anyone who is interested in, or likely affected by, the
information included in the IN CCIA. The target audience for the IN CCIA engagement and
dissemination efforts was identified as decision makers, policy makers, professionals, and
organized citizens’ groups. To accommodate a wide range of preferred levels of interest and
involvement among stakeholders, the IN CCIA identified an engagement spectrum that used
multiple approaches to engage and inform (Table 1).

Pre-assessment engagement was essential for shaping the assessment goals, working group
topics, and assessment content. PCCRC staff gathered stakeholder feedback at several listen-
ing sessions organized with assistance from members of the IN CCIA Steering Committee.
Feedback was also collected during dedicated information sessions at professional
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organization meetings, and during small group meetings with non-profits, state and
local agency staff, and university staff. Additional input was solicited from individuals
by phone and email.

The intent of the pre-assessment engagement was to gather formative and practical input,
rather than research quality results, from stakeholders across diverse sectors reflective of topics
covered within other SCAs (see Supplemental Table 1). Stakeholders who provided pre-
assessment feedback were employed in a variety of fields including public health, public
works, environmental management, urban planning, agriculture, disaster management, energy
planning, and transportation. Input was provided around three essential questions: (1) Assess-
ment scope—What topics and future time periods would you expect to be covered in a
statewide climate change impacts assessment? (2) Sector scope—What climate impacts are
of concern to your sector, now or in the future? (3) Information scope—What information
sources do you find useful and trustworthy?

While the assessment reports were under development, PCCRC staff assembled stakehold-
er review panels for each topic-based working group. Each stakeholder review panel consisted
of 3–5 professionals, often representing related interest groups, who were given the opportu-
nity to provide comments on the report outline and a near final draft of the full technical report
for a specific topic-based working group. Stakeholder reviewers were not screened based on
their level of understanding about climate change science or their political leanings. Partici-
pants were identified based on recommendations from sector/organizational leaders, IN CCIA
authors and Steering Committee members, and/or self-signups at stakeholder feedback events.
Their input was used to identify information gaps and identify specific concepts or graphics
within the report that could be difficult for a non-technical audience to understand. This input
played an important role in shaping the key messages and communication strategies imple-
mented within the IN CCIA reports.

3.4 Report development

SCAs can enhance their saliency, legitimacy, and credibility with stakeholders by including
local experts and trusted organizations in their assessment research and outreach (Kirchhoff
et al. 2019). Therefore, unlike the 2008 Purdue report, the IN CCIA sought contributions from
experts at over a dozen organizations within Indiana, including universities, state agencies
(extremely limited), local agencies, and other non-profit organizations. In total, the IN CCIA
included contributions from about 100 experts.

Coordination and oversight of the IN CCIA was provided by PCCRC staff. A Steering
Committee was convened to provide input on strategic planning, stakeholder engagement, and
report development and dissemination. Based on pre-assessment feedback and analysis of

Table 1 Engagement tactics used before, during, and after the Indiana Climate Change Impacts Assessment

Time period Engagement tactics

Ongoing Maintain regular communication with
monthly newsletters, website, social media

Pre-assessment Formal and informal feedback opportunities at
listening sessions, small group meetings, and symposia

During assessment Stakeholder review panels, community events, media resources
Post-assessment Community briefings and events, media resources, pursue new partnerships

1874 Climatic Change (2020) 163:1869–1879



other SCAs (see Supplemental Table 1), ten sector-based topics were identified and “technical
working groups” were planned around these themes. A lead author was identified for each
working group topic, and the lead worked closely with the PCCRC and IN CCIA Steering
Committee to identify and recruit a team of expert contributors.

Each working group was tasked with developing a “technical report” in the format of a
journal article, which was then reviewed for relevance by a panel of stakeholders and
submitted for peer review and inclusion in this special issue. Working groups determined
the scope and content of each report based on a combination of pre-assessment stakeholder
input, existing published research, and available expertise. A few of the working groups were
also able to conduct and include new research in their technical reports by leveraging ongoing
work and resources. No funding was available from the IN CCIA to conduct additional work
to fill research gaps, which meant that some stakeholder requests, such as the inclusion of
economic impacts, were not possible to fulfill.

The technical reports provide the basis for a series of “non-technical” IN CCIA reports co-
written by PCCRC staff and a science writer in coordination with each working group, and
targeted at stakeholders and the general public. The non-technical reports (referred to as the IN
CCIA reports) are disseminated widely (see next section); they include minimal technical
detail, many easy-to-read graphics, and a moderate number of key references.

3.5 Dissemination and impact

The IN CCIA reports have been released one at a time, starting in early 2018, with
new reports initially released about every 1–3 months. This approach was organized
intentionally to make sure information consumers would receive a steady stream of
content, in smaller pieces, as opposed to a deluge of climate impact information. As
an added benefit, a staggered assessment rollout helped accommodate the limited time
and personnel resources available within a voluntary assessment. We believe the IN
CCIA has been the only SCA to use this type of dissemination approach.

To reach a variety of media markets and communities, each report release included
an in-person community briefing at a different location around the state. These
briefings were organized in partnership with a local stakeholder organization as a
way to increase engagement and credibility. Prior to each community briefing,
PCCRC staff personally contacted dozens of relevant stakeholders (local and state-
wide) to inform them about the IN CCIA, provide details about the upcoming release,
and invite them to attend. A follow-up email was sent after each event with a press
release, a video summary of the event, and a link to view the report online.

Following each report release, PCCRC staff conducted a 2-week social media campaign,
highlighted the report findings in the IN CCIA newsletter, spoke at community events
statewide, and gave interviews to news organizations developing stories for print
and online publications. PCCRC staff also developed supplemental resources, such
as fact sheets and sample presentations, to support partnering organizations in their
efforts to disseminate the IN CCIA reports.

Formal evaluation of the IN CCIA was beyond the scope of this effort. However, PCCRC
staff monitored a variety of basic metrics to provide a general indication of the IN CCIA’s
influence. Quantitative metrics included web traffic, report downloads, speaking engagements
attended, and media mentions. Qualitative metrics included submitted testimonials, use of IN
CCIA data in spin-off products, and new partnerships developed.
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4 Overview of papers in this special issue

As described in the previous section, the IN CCIA reports were primarily based on the
technical papers written by the IN CCIA working groups and found within this special issue.
We summarize these papers here:

Impacts of Climate Change on the State of Indiana: Ensemble future projections based on
statistical downscaling (Hamlet et al. 2019) provides the foundational climate projections for
the IN CCIA. Hamlet et al. (2019) use an ensemble of 10 downscaled climate model
simulations to examine projected climate changes for two greenhouse gas concentration
scenarios during three future time periods. From these projections, they characterize shifts in
annual and seasonal temperature and precipitation, climate extremes, heating and cooling
demand, snowfall, and the length and timing of the growing season.

An assessment of the potential impacts of climate change on the freshwater habitats of
Indiana, U.S.A. (Höök et al. 2019) examines the direct and indirect ecological consequences of
shifting temperature and rainfall patterns. Höök et al. (2019) describe anticipated changes to
physico-chemical and habitat conditions across Indiana and expected responses of aquatic
biota. They consider interactions between climate change and other anthropogenic stressors
and consider the potential for evolutionary adaptation to mitigate climate impacts.

An integrated assessment of the potential impacts of climate change on Indiana forests
(Phillips et al. 2019) looks at end-of-century projections of tree habitat suitability, resulting
effects on forest composition and ecosystem services, and implications for forest management.
Phillips et al. (2019) also discuss impacts to wildlife, implications for tree growth and harvest,
and potential changes in biological stressors such as invasive plants and pests.

Projected Climate Change Impacts on Indiana’s Energy Demand and Supply (Raymond
et al. 2019) and Projecting Urban Energy Demand in Indiana for 2050 and 2080 (Singh and
Wachs 2020) both provide insights on Indiana’s future energy landscape. Raymond et al.
(2019) examine the effect of climate change on statewide energy demand and supply and
model how different energy policies could affect the future energy supply mix in Indiana.
Singh and Wachs (2020) focus specifically on changes in urban residential and commercial
heating and cooling demand at mid- and late-century across Indiana.

Implications of climate change for managing urban green infrastructure in Indiana
(Reynolds et al. 2019) examines the ways urban green infrastructure (UGI) is affected by
climate change and strategies for coping with change. UGI reviewed in this paper includes
urban forests, urban gardens, green drainage systems, urban prairies, and urban lawns.

Climate change impacts on human health at an actionable scale: A state-level assessment
of Indiana, USA (Filippelli et al. 2020) looks at the human health risks and outcomes
associated with warming temperatures, reduced air and water quality, and increased exposure
to vector-borne and water-related diseases. Filippelli et al. (2020) also discuss climate change
implications for food and food safety.

Climate change impacts and strategies for adaptation for water resource management in
Indiana (Cherkauer et al. in prep) uses an ensemble of large-scale hydrology models to
investigate how projected climate change would affect future water movement and storage
across Indiana. Cherkauer and colleagues provide a look at infiltration, soil water, evapotrans-
piration, streamflow, and cold-season processes in a changing climate.

Agricultural Impacts of Climate Change in Indiana and Potential Adaptations (Bowling
et al. 2020) analyzes the direct, indirect, and aggregate effects of climate change on
agronomic crops, horticultural crops, livestock and poultry, and soil and water
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resources. Bowling and co-authors also discuss adaptation measures that are currently
available to cope with impacts to Indiana’s agricultural systems.

Indiana Climate Change Impact Assessment: Tourism and Outdoor Recreation (Day et al.
in prep) explains how climate change will impact the timing, enjoyment, and safety of outdoor
activities, with cascading effects on both visitors and the businesses serving the tourism
industry. Day and colleagues also provide a discussion of risk management, resilience, and
adaptation within the recreation and tourism sector.

5 Conclusions

The IN CCIA is a bottom-up project with limited funding that brings credible climate change
information to a variety of stakeholders. The assessment highlights climate change impacts in a
politically conservative state that has seen little state-level attention to the issue.While themotivation
for conducting the IN CCIA was mission-based and similar to many other SCAs, the Indiana
assessment employed several unique approaches for ensuring the saliency, legitimacy, and credi-
bility of research and outreach. We share the background, motivation, goals, and processes for
conducting the INCCIA not just to provide context to the articles appearing in this special issue, but
also to provide an example for other sub-national scale teams interested in conducting local climate
assessments. There are no established guidelines for conducting SCAs, but the need for SCAs is
growing as local decision makers face increasing pressure and urgency to adapt to and mitigate
climate change. We encourage other teams to also share their experiences so that standard practices
and best practices for designing local assessments can be identified.
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