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*Thanks to 
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•  Several workshop participants who are also present in Snowmass today 
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Topics 
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1.  Problem statement: why a multi-model framework for impacts 
analysis? 

2.  Workshop overview 
  Use perspectives 
  Typology of uses 
  Capabilities 
  Vision for framework 
  Development approach: Community of practice 



Why couple IAV-IA-ES models? 
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  Evidence is accumulating regarding the need to couple IAV, IA, and 
ES models to explore tightly coupled human-environment systems 
affected by multiple stresses 



Results differ between single-sector and 
integrated models of impacts 

July 26, 2016 4 Harrison,	P.	A.,	R.	W.	Dunford,	et	al.	(2016).	"Climate	change	impact	modelling	needs	to	include	cross-sectoral	
interacGons."	Nature	Clim.	Change	advance	online	publica.on.	



Challenge: Managing complexity 
across sectors and scales 
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  Evidence is accumulating regarding the need to couple IAV, IA, and 
ES models to explore tightly coupled human-environment systems 
affected by multiple stresses  

  As more processes and scales are incorporated, modeling challenges 
grow 

 



Example interdependencies – climate change 
and urban systems focus 
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Source:	Dawson,	R.	(2015).	"Handling	Interdependencies	in	Climate	Change	Risk	Assessment."	Climate	3(4):	1079.	



Types of interdependencies to consider 

  Functional: one system is connected to another (water for cooling, 
energy for pumping water, …)  

  Physical: interaction through a physical system (atmosphere-air 
quality) or infrastructure attribute (freight and passenger rail travel 
affected by system capacity) 

  Geographic: proximity leads to correlated responses in multiple 
systems 

  Economic and financial: e.g., supply chains; market impacts on 
multiple processes such as investment cycles, price structures, etc. 

  Institutional and policy: a law or regulation affects multiple sectors and 
decisions or transactions 

  Social: relations across social groups (individuals or organizations) 
affect vulnerability, coping, long-term adaptive capacity of other 
groups 

Source:	Dawson,	R.	(2015).	"Handling	Interdependencies	in	Climate	Change	Risk	
Assessment."	Climate	3(4):	1079.	



A framework of modeling tools for 
research and research applications 
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  Evidence is accumulating regarding the need to couple IAV, IA, and 
ES models to explore tightly coupled human-environment systems 
affected by multiple stresses  

  As more processes and scales are incorporated, modeling challenges 
grow 

  Can we develop a systems framework that brings together data, 
models, and analytic capabilities in a toolkit to enable independent 
teams to explore science and use-inspired questions in a coordinated 
way? 
  What sorts of problems would such a framework be useful for?  
  What resources and functionality are needed? 
  What efforts are already underway and how could they be built upon? 

 



Agenda and participants 
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  Organized by USGCRP interagency 
group with science committee input 

  Over 50 experts: federal 
government, academia, national 
labs, and private organizations  
  Broad range of expertise 

  Eight breakouts discussed a 
representative set of example 
questions/problems to explore the 
capabilities required  
1.  Concentrated and connected 

infrastructure (Day 1 focus) 
2.  Drought and increased 

variability of water supply 
(Day 2 focus) 

  Cross-cutting themes and synthesis 
in additional groups and plenary 



Representative cases (1) 



Representative cases (2) 



User typology 
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  Define information needs and hence functional scientific requirements 
  Example: Reservoir resilience affected by drought/extremes 

Typology Field	 Examples	

User perspective Water planners and engineers at state/city scales; water system 
owners/operators 

Key parameters/metrics	 Resilience (recovery time); robustness (reliability); costs/regrets/
benefits of operations/resource allocations; tradeoffs in economic 
and engineering performance measures  

Drivers/uncertainties	 Climate-impacted hydrology; changing land use; water demand 
management; renewable energy use; demographic/
socioeconomic impacts on demand; dietary preference and 
agricultural demand; resource management polices; institutional 
effectiveness 

Alternatives Under 
Consideration	

Change in operations/resource allocations; investments in 
infrastructure; land use policy; demand management programs 



Capabilities 
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  Identify available capabilities and gaps 
  Identify common systems and core framework components that will 
benefit from more organized, interagency development 
  Begin to develop index of models and other resources 

  Categories of capabilities identified:  
  70-80 capabilities in 16 categories identified spanning climate, land, 
ecological, coastal, fluvial, surface hydrology, air quality, infrastructure 
sectors, agriculture, economic, demographic, institutional  

  Identified spatial (dimensionality, extent, resolution) and temporal 
characteristics, type of model, examples, etc. 

  Common themes across multiple areas:  
  Represent shocks and non-linear processes 
  Characterize uncertainty 
  High resolution 
  Nested 
  Flexible 



Space-time scales of capabilities: atmospheric/
terrestrial processes and human systems  

Community	Modeling	and	Long-Term	PredicGons	of	the	Integrated	Water	Cycle	
hSp://tes.science.energy.gov/workshops/Water_Cycle_Report_High_Res.pdf		



Workshop outcome: framework vision and 
approach 

  An interconnected system of models, data, analysis methods, and 
decision support capabilities that support building resilience in 
interdependent systems 
  Meet growing national/international need to prepare for impacts across 
interdependent systems, manage potential for cascading failures, 
feedbacks 

  Build a community practice and view framework development as a 
process built around science and capability requirements 
  Importance of “use context” and maintaining connectivity with users to 
define required outputs and model components, coupling, data, analytic 
tools, visualization, decision support… 



What might a community of practice 
look like? 
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  Common elements 
  Repository of modeling components 
  Modeling tools/software environment 
  Computational resources 
  Data 
  Communications support for community activities (e.g., work groups) 
  Meetings 
  Educational resources/capacity building 

  Examples:  
  CESM (more tightly focused on a single overarching science question – 
JF will provide overview) 
  Community Surface Dynamics Modeling System (CSDMS) (supports a 
wide range of independent science questions requiring surface dynamics) 
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Some possible next steps… 

  Identify common system elements for multiple use cases, a 
conceptual structure for human, natural, and climate system 
components, requirements for integration, decision support 

  Inventory/screen/evaluate capabilities and gaps 
  Establish metadata standards, coupling requirements for different 

uses/problem types:  
  Need a “clearing house” for sharing components, capabilities, 
knowledge developed 
  Create incentives to share documentation and open source 
standards 

  Sensitivity testing and scenario analysis to establish what is important 
in coupling process representations, for what questions(s) and user(s) 

  Develop and integrate new components consistent with framework 
standards 



Relationship to this workshop 

  Snowmass to focus on a subset of scientific issues: 
  Explore levels of complexity, coupling strategies for integrating different 
areas of modeling 
  Explore ideas for process, requirements, identification of metadata 
standards, etc. 

  Some key questions: 
  For what science or user questions do the research communities believe 
the state of science is well enough developed to provide reliable 
information?  
  What can we learn from examples of integrated IAV-IA-ES modeling? 
  What do different areas of modeling need as inputs from other types of 
models? What can they provide to others? 
  Are there some component capabilities that would be useful for many 
problems that should be prioritized? 
  … 



July 26, 2016 23 

Discussion 



Aspects of interdependency that 
need to be characterized 

  Spatial scale 
  Temporal scale 
  Interaction strength 
  Interaction complexity 
  System state 
  Range of perturbations 
  Socioeconomic context 


