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Integrating Earth Systems Science and Engineering: 
What can Earth systems science and engineering provide 
for each other? 

SCIENTISTS AND
ENGINEERS
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In the popular mind, scientists and engineers have distinct job descriptions. Scientists explore, experiment, and discover; engineers create, design, and build. Let’s look at a world where engineers are not service providers but equal partners…

But in truth, the distinction is blurry, and engineers participate in the scientific process of discovery in many ways. Grand experiments and missions of exploration always need engineering expertise to design the tools, instruments, and systems that make it possible to acquire new knowledge about the physical and biological worlds.

In the century ahead, engineers will continue to be partners with scientists in the great quest for understanding many unanswered questions of nature.



Compelling Vision or Clearly Defined Problem
UN Sustainable Development Goals
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Clearly Defined Problem; and a means to measure success
Radical Proposal to fix the problem
Scientific Reason to believe it

Like the original moon shot ($150 billion), these are big, hard problems that demand significant investments of time and money, along with innovative technology and thinking. 
Today’s challenges are vast and nebulous—and demand a different kind of ambition and approach. 
Cure cancer, stop climate change, eradicate preventable, chronic disease




April 2015

Forming (2013, 
2014): 

Clarification, 
Discovery, Networking

Storming (2015): 
Refine, Coordinate, 

Assemble

Norming (2016, 
2017):

Expand, Coordinate, 
Collaborate, 

New Knowledge

Performing (2018 -
present): 
Innovation,
Continuity, 

Sustainability, 
Partnerships

The Infrastructure & Climate Network (ICNet)
Founded in 2012, the ICNet is a network over 250 academics, students, and 

practitioners who are dedicated to accelerating climate science and engineering 
research in the US and beyond

NSF RCN-SEES: Engineering Research Collaboratory
for Sustainable Infrastructure in a Changing Climate

“I have been part of the ICNet effort 
since 2012 and I have been amazed, 

humored and frustrated in equal measure 
at the communications difficulties and 

mutual misunderstandings between 
researchers and practitioners.  It probably 
took 2 to 3 years before things started to 

clear up, and this after the luxuries of 
time and face-to-face meetings” 
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My perspective comes from being the PI and Founder of ICNet
ICNet was founded through an NSF Research Coordination Network proposal under the Foundation's Science, Engineering and Education for Sustainability (SEES) initiative will create a multi-institution collaboratory to support the integration of climate science and engineering research for sustainable transportation infrastructure (Infrastructure and Climate Network – ICNet). The nation’s physical infrastructure is at increasing and critical risk from climate-driven stressors due to both ambient and periodic extremes in precipitation, temperature, and wind. Climate nonstationarity poses challenges that have been broadly recognized by the road and bridge engineering community. However, relatively few infrastructure researchers incorporate climate change into their work due to significant knowledge and data barriers. 
 
Support to bring together leading researchers in…

Story from each yr

2013 Erin Bell – Bridge Engineer or CC … why can’t you just do something; language EOS; conservative
2014 Language Bob Landry “Uncertainty” vs Performance; RWIS systems
2015 Leadership Meeting – 

1. Why doesn’t this happen organically? Siloes (different department, different conferences), funding, careers, 
Silos versus collaboration; funding mechanisms

2. Leadership – Who leads and why; what do they gain, what do they lose; and who comes to the table
A clear understanding of the gaps in the field and the type of research needed to advance the grand challenges




Accelerating Convergence

Five steps
• Get to know each other’s 

frames
• Acknowledge differences
• Incorporate other concepts into 

your own framing
• Explore and work with the 

differences
• Forge new frames

Social Science Super Heroes
boundary spanning, network mapping, logic models, 

group/collaborative processes, cognitive models, 
decision support, educational interventions

Part of the challenge in collaborations is that the 
work that has been done is not all in one place. The 
work addresses different topics, different disciplines, 
different problems, and appears in different journals 
and is supported by different funders. 
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4. Communication Issues – dealt with in the very beginning – example: what does it mean to be conservative; Social Science and Boundary Objects; Trust
What needs to be done and how?

Most presenters were unable to be both an effective presenter and an effective meeting chair.  The use of a facilitator allows presenters to focus on their work, while the facilitator can interact with the group to explore difference and commonalities to incorporate all voices. 




Identify potential synergistic opportunities within current facilities, 
infrastructure, and coordinating mechanisms

Your road weather 
information stations (RWIS) 
don’t produce high quality 
data!

How do you know? You didn’t 
know RWIS existed till 5 

minutes ago!
The Community Land Model                     Mechanistic-Empirical Pavement Design Guide
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Identify potential synergistic opportunities within current facilities, infrastructure, and coordinating mechanisms to address the overarching capabilities, and recommend ways to leverage these efforts for Earth systems research. Ideas for new facilities, infrastructure, and coordinating mechanisms may also be considered.

First step is to understand what exists – infrastructure; models (The Community Land Model is the land model for the Community Earth System Model (CESM) and Mechanistic-Empirical Pavement Design Guide (MEPDG) software; NEON, LTER, GAGE, NCAR

Second step is to skate to where the puck will be… example National Water Model is being built to 




Thank You
I would also like to acknowledge the ICNet community for their amazing contributions to advancing our ability 

to provide climate resilient transportation infrastructure. 

40 undergraduate students, 30 graduate students, and 15 postdoctoral scientists in ICNet. 
40% of the ICNet members are women.

Over 75 publications and over 150 presentations meetings and invited talks have resulted.
The ICNet webinar series reached over 1000 participants directly and the recorded lectures have been used 

in undergraduate, graduate, and professional development curricula throughout the world.  

I would also like to acknowledge the National Science Foundation support for the RCN-SEES: Engineering 
Research Collaboratory for Sustainable Infrastructure in a Changing Climate (CBET 1231326 and the REU 

supplement) and the current ICNet Global Project (CBET 1927357) under the AccelNet Solicitation 19-501.

Jennifer Jacobs, University of New Hampshire
Director, The Infrastructure & Climate Network (ICNet)

Jennifer.Jacobs@unh.edu
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