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1 ABSTRACT 

Geodesign is an iterative process for cycling through representation, evaluation, change, impact, 
and decision models to forge consensus typically across disciplinary more so than geographic 
boundaries. Multi-scalar integration of blue, green, and human infrastructure is necessary for 
adapting communities to large-scale extreme flooding scenarios timely and effectively. This project 
explored the feasibility of using multi-scalar geodesign to converge geographic perspectives from 
smaller-scale units of analysis (networks of water resources regions (WRRs)) into a higher-order 
consensus at the continental level to facilitate adaptation pathways planning for instantaneous 
flooding events, including flash flooding from dam breaks, tidal surges from polar reversal, and 
rapid sea level rise due to extreme solar events. Participants were initially organized based on their 
disciplines and geographical familiarity with a particular network of WRRs. Each team helped 
inventory priority intervention types and sites for blue, green, and human infrastructure components 
within its respective network of WRRs. Participants were then reorganized into continental teams 
with an equal number of representatives from each of the four network teams to integrate regional 
inventories of priority intervention sites and types into continental framework alternatives. Interrater 
reliability test indicated high reliability (ICC>0.9) in the response patterns of two independent raters 
(non-participants) that compared convergeability of each pair of alternatives into one: The pairs 
with the alternative generated without all representatives led to less converge-ability than those 
pairs containing alternatives generated with all representatives. The finding suggests the 
importance of integrated teaming in generating consensus-based, multi-scalar adaptation plans for 
disruptive flooding scenarios more rapidly. 
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2 INTRODUCTION  
 
2.1 Problem Statement 
 To account for climate science uncertainties and different adaptation attitudes in climate action 
plans, scenarios based on different climate predictions have been largely used to help develop adaptation 
pathways for long-term incremental risks, such as sea level rise (Butler et al., 2016). As climate change 
impacts have unfolded beyond the tipping points of many worst-case predictions to necessitate an ongoing 
shift in the de facto adaptation pathways, new climate adaptation strategies must be chosen and 
implemented for each shift before the full forecasted climate change impacts take hold. Many of these 
strategies will take decades to plan, design, and construct, while consensus-based decision-making for 
multi-scalar, interdisciplinary, and multi-jurisdictional climate adaptation can also take as long as decades. 
Meanwhile, many instantaneous threats of climate change, such as the impacts of solar storms on sea level 
rise, have been underestimated (Dorman, 2009). These threats tend to be addressed primarily through 
reactive and inadequate emergency evacuation (McEntire, 2015). The sustainability of regional systems 
hinges upon their adaptive capacities to respond to these disruptive changes timely and effectively. 
However, it is challenging to generate consensus-based strategies due to the complex nature of engaging 
different scales, timeframes, disciplines, organizations, stakeholder groups, climate projections, and 
adaptation attitudes (with respect to emergency evacuation, adaptation in situ, and proactive relocation). 
There is, therefore, a need to develop a larger-scale decision-making network composed of smaller-scale 
networks to facilitate consensus in order to address the complex nature of multi-scalar climate adaptation 
timely and effectively to better adapt communities to the impacts of instantaneous climate extreme events. 
Adaptation pathways planning has been used to develop sequences of alternative actions that can be 
implemented over phases and adjusted depending on how alternative futures unfold as scenarios (Werners 
et al., 2021; Burnham & Ma, 2018). While adaptation pathways planning has gained traction in addressing 
the complexity and uncertainties in adapting communities to climate extreme events, it remains challenging 
for the decision-making framework to 1) detect instantaneous extreme events as unpredictable tipping 
points that could prompt a switch to another adaptation pathway (Bloemen et al., 2018); 2) engender 
transformative actions that shift current patterns at various scales onto more coordinated resilient long-term 
adaptation pathways (Scoones et al., 2020; Bloemen et al., 2018); 3) motivate regional and local authorities, 
non-government organizations, and the private sector to commit (Werners et al., 2021); 4) integrate 
reflexive learning in pathways approaches to represent diverse disciplinary perspectives, governance 
regimes, and decision hierarchies (Bosomworth & Gaillard, 2019); and 5) translate national policies into 
regional planning frameworks and local adaptation plans while accounting for complex dynamics across 
scales (Bloemen et al., 2018; Bassett & Fogelman, 2013; Fazey et al., 2010).   
 
2.2  Backgrounds 

Geodesign has the potential to address the aforementioned challenges through adopting three 
main approaches to adaptation pathways planning (Butler et al., 2016): 1) the use of performance 
thresholds to meet short- and long-term adaptation needs; 2) the engagement of diverse stakeholders in 
collaborative learning to enhance adaptive capacity; 3) the focus on transformative strategies that account 
for complexity and long-term change. A geodesign framework is often conceptualized as an iterative 
process of cycling through representation, evaluation, change, impact, and decision models until divergent 
perspectives have converged into a consensus-based decision (Gohd, 2020). This non-linear process 
engages participants from different disciplines and levels of expertise in systems thinking across space and 
time to generate complex solutions that are more adaptive to the complex problems associated with climate 
change (Steinitz, 2012). Geodesign has the potential to integrate multiple geographic information systems 
(GIS) to facilitate multi-scalar consensus-based decision-making for participatory climate adaptation. 
Geodesign is a data-driven process of collective creativity that enables multiple participants to design 
collaboratively online at varying scales and measures the impacts of each proposed design move as the 
collaboration proceeds (Rivero et al., 2015). The geodesign framework has been used in visualizing and 
comparing the performances of different models to 1) assess the influence of various combinations of 
systems (e.g., transportation, surface water, land use, etc.) on watershed sustainability; and 2) investigate 
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the interactions among multiple, interdisciplinary teams in arriving at consensus-based solutions (Debnath, 
Pettit, & Leao, 2022). The framework has been found to support high-performance collaboration when multi-
disciplinary teams negotiate their design moves into a consensus-based plan by focusing on meeting 
common targets as performance-based objectives (Debnath, Pettit, & Leao, 2022).   

A systematic review of geodesign approaches to city resilience planning in the literature identified 
a need to explicitly integrate collaborative multi-scalar scenario planning with performance evaluation to 
increase community engagement in resilience decision-making (Wu & Chiang, 2018). Flood-resilient urban 
design has been facilitated using a geodesign framework that helps the general public understand site-
specific flood risk mapping and microscale three-dimensional (3D) design optimization for both sea level 
rise and extreme rainfalls in order to better evaluate a proposed design (ten Voorde, 2018). Microscale 
experience is critical for understanding the effectiveness of evacuation strategies for extreme flooding 
events, while examination of these scenarios across scales is essential for investigating relocation as an 
adaptive response to extreme flood risks (Terribile, 2020). Geo-spatial decision support systems (S-DSSs) 
for multi-scalar land planning and management provide operational tools to enable decision-makers to 
evaluate the tradeoffs between policies based on their ecological, social, and economic performances 
under current and future climate scenarios (Chen & Lee, 2015). However, no cases in the literature 
systematized the ways in which multi-scalar alternatives 1) emerge from stakeholders’ microscale 
experience and 2) converge into a large-scale consensus as a guiding framework for smaller-scale site-
specific actions. Instead, the proposed site-specific designs and the multi-scalar frameworks were 
predetermined for evaluation (rather than generated) by participants using the aforementioned interactive 
platforms. While GIS was used to display and simulate multi-scalar spatial data to solicit public input in a 
workshop, the ways in which the public input converged into a multi-scalar consensus were not structured 
systematically for replication and validation.  

 
2.3 Theoretical Framework 
  Landscapes are complex systems with non-linear feedback loops, which cut across multiple scales 
and diverse subsystems of components to self-organize into a coherent state as an emergent system-level 
attribute. The planning and design processes for landscapes as complex systems require “scaled system 
thinking,” which is a tripartite concept of complexity, system thinking, and scaled thinking (Chen & Lee, 
2015). Scaled system thinking characterizes the design aspect of geodesign, which uses macroscale 
contextual forces as constraints to converge alternatives into mesoscale regional frameworks and 
microscale site-specific resolutions (Foster, 2016). The science aspect of geodesign has not been explored 
in its potential to generate non-site-specific universal knowledge from phenomenon that can be replicated 
for validation. To explore the potential of geodesign in integrating microscale perspectives into macroscale 
consensus as a coherent whole, this study proposed complex adaptive system (CAS) as a potential 
scientific framework for operationalizing adaptation pathways planning for disasters across scales and 
disciplines as three interacting systems (Burger, Kennedy, & Crooks, 2021): 1) the physical system of blue, 
green, and human infrastructure; 2) the social system of collective behaviors; and 3) the individual actor 
system.  

CASs tend to have highly interconnected yet modular and resilient subsystems that are 
interchangeable enough to provide system redundancy (Nyerges et al., 2016). In other words, complex 
adaptive systems are likely to be made of similar subsystems that are open to change and thus better fitted 
into a coherent whole. Yet, each subsystem, as a decision-making micro-network, requires resilience to 
adapt to unexpected change. Such resilience is grounded in the subsystem’s structural complexity, which 
can be measured by the number of “bridging” links to diverse perspectives as opposed to “bonding” links 
(Newman & Dale, 2005). “Bridging” links help optimize collective decision-making to adapt to change, 
whereas “bonding” links homogenize the micro-network with constraining social norms (McPhearson et al., 
2016). Based on this theory of CAS as a network of networks, an integrated geodesign team can be 
considered a high-complexity micro-network composed of a diverse collective of stakeholder agendas, 
disciplines, expertise levels, geographic interests, and organizations. This integrated teaming approach is 
likely to help reconcile conflicting perspectives more effectively, thus creating more resilient solutions better 
adapted to complex problems around climate adaptation. Bridging strategies have been found to increase 
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the organizational resilience of hierarchical/vertical emergency management networks (Jung & Song, 
2015). When high-complexity micro-networks are created from bridging links as interdisciplinary teams for 
generating microscale alternatives, these teams, collectively, are more likely to form a high-coherence 
macro-network to generate macroscale consensus across both horizontal and vertical teams and 
geographic scales. In other words, compared to the silo teaming approach, this integrated teaming 
approach for geodesign is expected to generate outcomes that are more similar and thus convergeable 
across teams into a consensus-based action plan. The integrated team outcomes are more likely to be 
more interchangeable because these outcomes have been synthesized from similar integrated sets of 
diverse perspectives through “bridging” links. Moreover, because of their inherent diversity of perspectives, 
the integrated teams are more resilient and thus more likely to adapt to the changes required to strengthen 
the connections across team results.  
 
3 RESEARCH OBJECTIVES 
 

The overall goal of this project is to demonstrate the potential of a multi-scalar geodesign framework 
for adaptation pathways planning as a CAS of decision-making networks to facilitate timelier and more 
effective adaptive responses to extreme flooding scenarios. To achieve this goal, the first objective is to 
explore the feasibility of using the framework to converge geographic perspectives from smaller-scale units 
of analysis, such as networks of water resources regions (WRRs), into a higher-order consensus for 
transformative actions at the continental level. The second objective is to illustrate the use of the framework 
to translate the higher-order consensus for adaptation pathways for multiple flooding scenarios at the 
continental level into regional planning frameworks and local adaptation plans while accounting for complex 
dynamics across scales. 
 
4 METHODS 
 
4.1       Scenario-based strengths-weaknesses-opportunities-threats (SWOT) analysis 

This study benchmarked three disruptive extreme flooding scenarios that require instantaneous 
transformative actions across geographic boundaries (Figure 1, Right of Image): 1) flash flooding due to 
more extreme storms that could lead to more frequent and catastrophic dam breaks; 2) tidal wave flooding 
(over the eastern half of the United States) caused by an overdue polar reversal (indicated by the rapidly 
weakening magnetic field) (Tarduno, 2018; Dikpati et al., 2017; Raup, 1985), and 3) flooding from rapid 
sea level rise due to the melting of all ice on Earth by extreme solar storms (that are likely to increase from 
now until 2025) (McEntire, 2015).  

 
Figure 1. SWOT analysis of blue, green, and human infrastructure for flooding scenarios. 

For each flooding scenario, a strengths-weaknesses-opportunities-threats (SWOT) analysis of blue, 
green, and human infrastructure was conducted through compositing GIS maps of existing and future 
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conditions (Figure 1, Left of Image): strengths (S) and weaknesses (W) versus opportunities (O) and 
threats (T) referred to the aspects of the existing versus future conditions that were expected to facilitate 
or deter adaptation to the impacts of each flooding scenario. The suitability of an intervention was then 
determined by the extent to which the intervention helped transform Ws and Ts into Ss and Os. 

 
4.2       Operationalizing physical, social, and individual actor systems 

The continental scale was used to measure the coherence of the physical system containing the 
proposed blue, green, and human infrastructure components as CAS. The physical system was 
operationalized into four subsystems based on four networks of United States Geological Survey (USGS) 
water resources regions (WRRs) as the scale for which regional frameworks were proposed. The four 
networks were delineated to match the geographic domains of the four regions for the Climate Adaptation 
Science Centers (CASC). These four CASC regions or networks, North Central (NC), South Central (SC), 
Northeast (NE), and Southeast (SE), are indicated in green, orange, purple, and blue in the center of the 
network plan inventory and consensus graphics in the lower right corner of Figure 2. Each WRR is 
composed of several watersheds as the scale for proposing focus area plans. At each scale, potential 
design interventions proposed and selected by participants were categorized as blue, green, and human 
infrastructure components to operationalize the physical system based on the CAS framework. 
 

 
Figure 2. Geodesign processes (top), multi-scalar frameworks (bottom left),  

and outcomes (bottom right). 
 

To couple the physical and individual actor systems, an online mobile geo-survey was used to 
enable any local stakeholders to propose blue, green, and human infrastructure components through 
delineating their geographic extents on an interactive online map shared by respondents. To couple the 
physical and social systems, CASC recruited (from its networks of academic, government, and community 
contacts) four federal agency representatives originally from each of the four regions (NC, SC, NE, and SE) 
and 12 participants with three located within each of the four regions or networks. For each network team, 
four participants were recruited to represent expertise in hydrological, ecological, social, and economic 
sciences equally. To couple the social and individual actor systems, each of the four teams was initially 
composed of participants from its respective region or WRR network. The participants of each network 
team took turns selecting proposed infrastructure components from the mobile geo-survey results and 
proposing additional components based on their microscale experience. The consensus from each network 
team provided a regional inventory of the physical system for each WRR network based on the perspectives 
of the social and individual actor systems.  



March 16-19, 2022 
 

77 
 

As shown in the concentric ring graphics in the lower left corner of Figure 2 and the teaming diagram 
on the left side of Figure 3, each participant of a network team was reassigned to a continental team. This 
teaming strategy ensured that each of the four continental teams had one representative from each network 
team. To resolve conflicts among the four consensus-based network inventories generated by the four 
network teams, each continental team took turns selecting components from the four network inventories 
to generate a continental framework alternative. Participants returned to their original network teams to take 
turns resolving conflicts among four continental framework alternatives to generate a consensus-based 
continental framework alternative. Two independent raters (that did not participate in the workshops) 
compared each pair of the consensus-based continental framework alternatives to determine if they were 
similar enough to be combined into a consensus-based continental framework that would remain similar to 
the original alternatives. The consensus-based continental framework was then used by each network team 
to revise their initial regional inventory for each WRR network into a regional framework based on multi-
scalar consensus (Figure 3, Right of Image). 

 

 
 

Figure 3. Geodesign framework for multi-scalar adaptation pathways planning. 
 
4.3        Integrating CAS with geodesign for consensus-based decision-making 

Three three-hour geodesign workshops were conducted based on the geodesign framework as an 
iterative process of cycling (across and within workshops) through representation, evaluation, change, 
impact, and decision models until divergent perspectives converged into a consensus-based decision. 
During the representation phase, geodesign participants first completed a pre-workshop mobile geo-survey 
before forming teams based on their disciplines and geographical familiarity with a particular network of 
WRRs (Figure 4, Bottom of Image). The mobile geo-survey enabled all participants to inventory priority 
intervention types and sites for blue, green, and human infrastructure components within their respective 
networks of WRRs they were familiar with. The shared inventory was made available to each geodesign 
team for further prioritization of intervention types and sites. During the evaluation phase, the participants 
reorganized themselves into continental teams to coordinate the regional inventories of priority intervention 
sites and types for blue, green and human infrastructure components. During the change phase, the 
participants returned to the original network teams to realign their previous network-level frameworks with 
the continental framework and to identify priority focus areas for site-specific interventions within each 
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network. The impacts of the intervention types for the priority focus areas were assessed based on their 
hydrological, ecological, social, and economic performances and the relative importance of these four 
categories of performances through post-workshop surveys to help select the final focus area and 
intervention types for the decision model (Figure 4, Top of Image). The six phases of geodesign formed 
iterative loops at each scale of analysis to facilitate the convergence of decisions at varying scales through 
the use of a pre-workshop mobile geo-survey and three three-hour long geodesign workshops. 

 

 
Figure 4. Network plan consensus (top) with proposed interventions and suitable locations 

(bottom) based on geodesign outcomes and survey results. 
 
4.4       Pre-workshop mobile geo-survey 

Before the first geodesign workshop, participants were invited to delineate specific areas as 
possible intervention sites using an online interactive mapping interface. The interface allowed participants 
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to submit interventions to Google Earth while turning on and off maps of existing conditions. The interface 
enabled respondents to exercise individual agency from the individual actor system through proposing 
locations and types of infrastructure interventions for minimizing the vulnerabilities of the physical and 
social systems. The following data for the physical system were obtained from Commission for 
Environmental Cooperation, Army Corps of Engineers, USGS, and CASC to determine physical 
vulnerability: Climate-related maps included historic and projected data for drought, precipitation, 
temperature, flood, hurricane, and sea level rise. Maps for terrestrial conditions included habitats and 
migration routes for monarch butterflies, elevation, watershed hierarchies, wetlands, protected areas, 
irrigated areas, land covers, impervious surfaces, and soils and geological surveys. Development-related 
maps included population density, existing and proposed transportation systems, urbanized areas, 
building footprints in addition to locations of high-risk dams and facilities that could explode due to flooding. 
The data collected for the social system used to determine social vulnerability included the census data 
and American Community Survey data from Social Explorer, indigenous land parcels from GitHub, and 
environmental justice indicators from the Environmental Protection Agency.  

The first step of the mobile geo-survey asked participants to select one regional network they 
were familiar with to provide their input. The second step of the mobile geo-survey asked participants to 
select one infrastructure type they were the most familiar with, from green, blue, or human infrastructure. 
For those participants that chose to work with green infrastructure, they were asked to inventory priority 
sites to help monarch butterflies adapt to climate extremes, thus enhancing their migratory connectivity. 
These sites were prioritized because 1) their sizes were important for creating effective core zones for 
monarch conservation areas; 2) their locations were within a critical gap along the migration route without 
stopover sites within monarch butterfly’s daily migration distance; and 3) their landscape and terrains 
offered refuges and microclimatic advantages for protecting monarch butterflies from lethal conditions 
caused by more climate extreme events. Based on the aforementioned selection criteria, the participants 
delineated the five most suitable sites for 1) protecting existing monarch butterfly habitats, 2) restoring 
fragmented or lost monarch butterfly habitats, and 3) creating new monarch habitats. 

For those that elected to work with blue infrastructure, the mobile geo-survey asked them to help 
identify important intervention sites for implementing distributed networks of decentralized water detention 
and retention areas upstream of high-risk dams that could lead to flash flooding due to dam breaks. These 
upstream water bodies were intended to capture enough runoff to eliminate the need to have high-risk 
dams downstream for flood control. In the event there was not enough open space upstream to capture 
enough volume of runoff, they were asked to identify possible sites for room-for-the-river projects 
downstream of a dam to minimize riverine flooding in general in addition to flash flooding caused by dam 
breaks. Based on these site selection criteria, they also delineated five most dangerous dams upstream 
of major population centers to be decommissioned and five most suitable sites for water 
detention/retention upstream of each dam selected, and the five most suitable sites for room-for-the-river 
projects downstream of each dam selected.  

If participants selected human infrastructure, they were prompted to delineate potential relocation 
destination sites for individuals and businesses that had been displaced or would likely be impacted by 
climate extremes. As there was a need to create job training and opportunities in town-gown districts with 
Civilian Climate Corps/employment zones as job-based proactive relocation destinations, participants 
were asked to locate these districts within commute distances from climate-vulnerable population centers 
along planned high-speed rail lines, highways for self-driving vehicles using fuel cells, and flying taxi 
routes, or propose new transportation routes to facilitate the commute. Based on these site selection 
considerations, the mobile geo-survey asked them to delineate the five most suitable sites for relocation 
destinations within a commutable distance by 1) high-speed rails; 2) highways; and 3) landing and 
launching sites for flying modes of transportation. Participants were allowed to propose transportation 
routes and components that had not been planned or constructed. Some of the flying modes of 
transportation were intended to double as space transit habitats to facilitate emergency evacuation in the 
event of permanent inundation due to sea level rise or polar reversal and eventually proactive relocation 
to outer space.  
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4.5      Geodesign workshops 
During the first part of the first geodesign workshop, participants formed teams based on the 

network of WRRs they were the most familiar with. Each network team followed the geodesign process to 
generate a draft consensus-based network plan of intervention types and locations. During the second 
part of the first workshop, participants formed continental teams composed of one representative from 
each of the four networks. Each continental team followed the geodesign process to cocreate continental 
plan alternatives that integrated intervention types and locations previously proposed for each of the four 
draft network plans. During the last part of the first workshop, each continental team presented their 
continental plan alternative while other participants evaluated the alternative through completing a survey. 
The survey contained three questions for each intervention proposed at the continental scale by each 
team: The first question asked the participants to use a four-point Likert scale to evaluate the hydrological, 
ecological, social, and economic performance of the intervention based on the following response 
categories: very low, somewhat low, somewhat high, and very high. The second question asked the 
participants to use a five-point Likert scale to evaluate the importance of each of the aforementioned 
performances from extremely, very, moderately, slightly, to not at all. The third question asked participants 
to provide open-ended comments on how to improve the proposed intervention and location. The survey 
results (Figure 4, Bottom Left of the Image) were used to identify final intervention types and suitable 
locations for the final continental plan. 

During the first part of the second geodesign workshop, participants went back to their initial 
network team to revise the draft network plans created from the first part of the first workshop to make the 
network plan align with the final continental plan based on the survey results from geodesign workshop 
one (Figure 4, Bottom Left of the Image). During the second part of the second workshop, participants 
used the revised network plan to inform smaller-scale intervention types and locations for each of the 
WRRs within each network to create a regional plan for each WRR. During the last part of the second 
workshop, each network team presented each regional plan for each of the WRRs within their network, 
while other participants evaluated the regional plans through completing a survey with the same three 
questions for evaluating each intervention proposed at the regional scale. The survey results (Figure 4, 
Top Right of the Image) were used to identify, from each regional plan, at least two focus areas, each of 
which contained five priority intervention types and locations for use by the third geodesign workshop.  

The third geodesign workshop focused on the South Central (SC) CASC network of WRRs for 
multi-scalar testing: Rio Grande, Texas-Gulf, and Arkansas-White-Red. During the first part of the third 
workshop, participants regrouped themselves into three teams corresponding to the three WRRs. Using 
the same geodesign process, participants began by reviewing all the WRR plans from the second 
geodesign workshop to resolve conflicts among the alternative WRR plans for the respective WRR for 
their team. This was accomplished through choosing intervention prototypes and sites that had received 
the highest scores from the analyses used by the Representation, Integration, Change, Impact, and 
Decision Models (Figure 2, Top of Image) described as follows: During the representation model, 
participants were asked to identify five priority intervention types and sites with suitability analysis that 
aimed to minimize physical and social vulnerability. During the integration model, participants were asked 
to resolve conflicts through multi-systems reconciliations, which involve choosing 1) monarch habitats over 
water management areas, 2) water management areas over developments, and 3) monarch habitats over 
water management areas and developments. During the evaluation model, participants took turns 
prioritizing intervention types and sites with the highest potential using SWOT analysis for each of the 
three infrastructure subsystems of the physical system. The potential was determined by the degree to 
which each intervention type and site helped transform Ws and Ts into Ss and Os from the SWOT analysis. 
The SWOT analysis classified GIS layers into Ss and Ws as favorable and unfavorable existing conditions 
versus Os and Ts as favorable and unfavorable future conditions for siting each of the blue, green, and 
human infrastructure components. The change model reconciled intervention types and sites with budgets 
using cost-benefit analysis. 

During the second part of the third geodesign workshop, participants were assigned to one of the 
WWR teams to work on one of the top two relocation destinations within each WWR. Participants took 
turns to propose intervention prototypes and sites to be experienced from the eye level for each of the 
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green, blue, and human infrastructure subsystems of the physical system. During the change phase, the 
participants returned to the original network teams to realign their previous network-level frameworks with 
the consensus-based continental framework and to identify priority focus areas for site-specific 
interventions within each network. The impacts of the intervention types for the priority focus areas were 
assessed through the same performance-based post-workshop surveys (Figure 4, Top Right of Image) to 
help select the final focus area and intervention types for the decision phase, as shown in Figure 5.  

 

 
Figure 5. Focus area phasing plans (left) based on continental consensus (bottom right of image) 

and regional framework (top right of image) as outcomes of three workshops. 
 
5 RESULTS 

 
Two independent raters who did not attend the workshops were recruited to evaluate the 

convergeability of every pair of continental framework alternatives. Four alternatives (A1, A2, A3, and A4) 
were combined into six comparison pairs (A1A2, A1A3, A1A4, A2A3, A2A4, & A3A4). The original six 
comparison pairs were duplicated ten times to generate 60 comparison pairs that were then randomly 
sequenced for presentation in Qualtrics. For each pair of alternatives for comparison, each independent 
rater was asked to determine whether the two alternatives were similar enough to be combined into one 
composite framework that would remain similar to the original framework alternatives. The Intraclass 
Correlation (ICC>0.9) of the Interrater Reliability in SPSS 27 showed that the following response patterns 
from both raters had excellent reliability (Koo & Li, 2016): The 30 non-convergeable pairs that are duplicates 
of A1A2, A1A3, and A1A4 always had the continental framework alternative from a team with some 
representatives missing for parts of the geodesign process (A1). A1 refers to the bottom map of the 
continental consensus graphics from the bottom right of Figure 1. The other duplicates of convergable pairs 
(A2A3, A2A4, and A3A4) had the other three continental framework alternatives (A2, A3, and A4) from 
teams with all representatives actively participating throughout the geodesign process. A2, A3, and A4 refer 
to the top three maps of the continental consensus graphics from the bottom right of Figure 1. The findings 
suggest that maximizing the diversity of geographic and disciplinary perspectives within each team was 
essential for multi-scalar consensus-based decision-making using the six phases of geodesign in three 
three-hour-long online workshops. Without the diverse geographic and disciplinary representations in the 
other three teams, the convergence of continental framework alternatives into a consensus-based 
continental framework would have required more workshops to be conducted. The results demonstrated 
preliminary feasibility of using CAS as a framework to structure geodesign workshops across scales with 
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geographically and interdisciplinarily representative teams. This integrated teaming approach has the 
potential to help facilitate more effective and timely decision-making around infrastructure intervention types 
and locations for flood adaptation pathways planning based on ongoing monitoring of disruptive extreme 
flooding events.   
 
6         CONCLUSIONS 

The proposed multi-scalar geodesign framework demonstrated preliminary feasibility for 1) 
converging geographic perspectives from smaller-scale units of analysis, such as networks of WRRs, into 
a higher-order consensus for transformative actions at the continental level and; 2) illustrating the use of 
the framework to translate the higher-order consensus at the continental level into regional planning 
frameworks and local adaptation plans while accounting for complex dynamics across scales. This study 
served as an initial step to demonstrate the potential of geodesign to enhance regional systems’ adaptive 
capacity to respond to the changing nature of climate adaptation pathways when optimized as a high-
coherence macro-network of decision-making composed of high-complexity micro-networks of diverse 
geographic and disciplinary perspectives.  

However, the potential of geodesign identified here as a mechanism for developing CASs of 
decision-making has not been systematically examined. This should occur through testing random, 
integrated, and silo teaming approaches using a larger number of geodesign teams and workshops. The 
silo teaming approach is more likely to create homogenous teams through “bonding” links that encourage 
conformance to cultural norms. The silo teams are low-complexity micro-networks around the cultures of 
distinct disciplines, organizations, geographies, or interest group agendas. These low-complexity micro-
networks are postulated to result in polarized team outcomes that are less adaptable to the change 
necessary for creating higher-level consensus and for addressing complex problems around climate 
adaptation. In summary, these low-complexity micro-networks tend to lead to a low-coherence macro-
network, necessitating more iterations of geodesign workshops to reconcile conflicting perspectives to 
generate consensus across teams. Future workshops can benefit from creating a baseline group of 
geodesign teams by randomly assigning participants into 1) silo teams, 2) a group of silo teams with 
participants from similar perspectives, and 3) a group of integrated teams with participants from diverse 
perspectives. The diversity of perspectives can be tested as disciplinary and geographic in different 
geodesign teams without overlaps to better parse out their effects versus combining them within the same 
team to study their interactive effects.  

This study demonstrated the potential of an enhanced geodesign framework for multi-scalar 
consensus-building in addressing the aforementioned challenges and limitations associated with adaptation 
pathways planning in Section 2.1 through 1) synergizing multi-flood scenarios with geodesign to increase 
community resilience for instantaneous extreme events with unpredictable tipping points; 2) facilitating the 
convergence of microscale and mesoscale actions into more coordinated resilient long-term adaptation 
pathways as macroscale transformative actions; 3) incorporating regional and local authorities, non-
government organizations, and the private sector into microscale, mesoscale, and macroscale decision-
making networks to motivate their long-term commitment to transformative actions; 4) integrating reflexive 
learning in pathways approaches through interdisciplinary teaming across scales and multidimensional 
performance evaluations to represent diverse disciplinary perspectives, governance regimes, and decision 
hierarchies; and 5) translating national/continental consensus into regional planning frameworks and local 
adaptation plans while accounting for complex dynamics across scales. 
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