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Change is “Dominant Factor” 
Today

• “It is change, continuing change, 
inevitable change, that is the 
dominant factor in society today. No 
sensible decision can be made any 
longer without taking into account 
not only the world as it is, but the 
world as it will be....” 

• “The saddest aspect of life right now 
is that science gathers knowledge 
faster than society gathers wisdom.” 

Isaac Asimov



Change: Another View

“Change is inevitable, 
except from vending 
machines”

- Woody Allen



Change

“[P]oliticians – and 
judges for that matter –
should be wary of the 
assumption that the 
future will be little more 
than an extension of 
things as they are.”

- Jeffrey Rosen, NYT Times 
Magazine (paraphrasing Chief 
Justice John Roberts)



Moore’s Law
• Gordon Moore, cofounder of Intel, predicted in 1965 

that the number of transistors per square inch of a 
computer chip will double every 18 months (“Moore’s 
Law”)

• Despite many predictions of its imminent demise, has 
continued for 50 years (>30 doublings)



Source: David Rajeski



Ray Kurzweil: The Law of 
Accelerating Returns

“An analysis of the history of 
technology shows that 
technological change is 
exponential, contrary to the 
common-sense ‘intuitive 
linear’ view.  So we won’t 
experience 100 years of 
progress in the 21st century 
– it will be more like 20,000 
years of progress (at today’s 
rate).”



Rapid Change Occurring 
Today

• “The gulf between what 
engineers are actually 
creating today and 
what ordinary readers 
might find believable is 
significant.”

- Joel Garreau, 
Radical Evolution



What Will Future Look Like?

• "If you're looking ahead long-term, and 
what you see looks like science fiction, it 
might be wrong. But if it doesn't look like 
science fiction, it's definitely wrong." 

— Christine Peterson 



Today’s Emerging Technologies
• Robotics
• Artificial intelligence
• Biotechnology
• Personalized medicine 
• Internet of things
• Autonomous vehicles
• Green chemistry
• Sustainable energy
• Mobile health technologies
• Bitcoin
• Brain machine interfaces
• Longevity extension
• Geoengineering
• Whole genome sequencing

• Nanotechnology
• 3D Printers
• Big data
• Synthetic biology
• Brain scanning
• Cognitive enhancement
• Wearable technologies
• Virtual worlds
• Regenerative medicine
• Drones
• Smart dusts
• Gene therapy/gene editing
• In vitro meat





Asymmetric Rate of Change:
The Pacing Problem



Three Traditional Governance 
Institutions
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Courts
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Some New Approaches?
• Administrative Law 

Reforms
• Soft Law/Collaborative 

Approaches
• Standards/Principles
• Adaptive Management
• Anticipatory Technology 

Assessment
• Governance Coordination 

Committees



Emerging Technologies for 
Envtl Enforcement/Compliance

• Drones
• Satellites
• Remote Sensing
• Sensors
• Smart Dusts
• Genetic Screening
• Environmental DNA
• Telematics

• GPS
• GIS
• Smart Meters
• Social Media
• Smartphone Apps
• Internet of Things
• RFIDs
• Digital Epidemiology



eDNA

• Environmental DNA 
sampling
– Detection of invasive 

species
– Monitoring of 

endangered species
– Clean Water Act 

enforcement
– Detection of 

pathogens at beaches Science 27 June 2014: 
Vol. 344 no. 6191 pp. 1455-1456 





Twitter and Food Poisoning 
Detection

• Foodborne Chicago
follows-up with 
citizens who tweet 
about food poisoning 
after eating at a 
restaurant 

 nEmisis looks for 
tweets coming from 
GPS coordinates of 
29,904 NYC 
restaurants

 Follows tweets from 
senders for 100 
days; looks for 
reports of food 
poisoning 
symptoms 



Smart Phone Apps





Source: Wired





Louisville: Asthma Tracker

• “More than 500 Louisville asthma 
sufferers are being equipped with 
special, high tech inhalers – ones that 
collect data about where and under what 
circumstances the inhaler is used. By 
GPS plotting that information along with 
data from other sources about air quality 
– neighborhood risk factors, school 
conditions, etc. – we hope to get new 
insight into what prompts an asthma 
attack.” Greg Fischer, Mayor





Sewage Monitoring



Drones





Nano Smart Dusts





Advantages of New Monitoring 
Technologies

• Real time monitoring
• Instant/online 

reporting
• More comprehensive 

monitoring (spatial 
and temporal)

• Transparency of 
compliance data

• Greater 3rd party 
role/verification

• Reduce staffing/ 
human inspectors



From Promise to Reality:
Law & Policy Must Keep Pace

• “The technological breakthroughs of the 
Information Age are not … a panacea.  The new 
tools and the institutional refinements that they 
make possible offer the prospect of …an 
environmental protection regime that is more 
data-driven, refined, individualized, and efficient.  
But the precise contours of the path toward 
Information Age environmental protection are 
not well defined…. Legislators, policymakers, 
judges, scholars, businesses, consumers, and 
citizens will have to do significant work to turn 
the promise into a reality.” – Daniel Esty



Limitations and Challenges

• Budgetary limitations
• Validation delays
• Compliance vs other 

purposes (e.g., 
program evaluation)

• Continuity and 
consistency of data

• Validity/objectivity of 
volunteer monitoring

• Coordination issues

• Over-zealous 
enforcement

• Admissibility/ 
Evidentiary issues

• Appropriate scale
• Statistical significance
• Uncertainty
• Reduced deterrence 

from more 
collaborative 
approaches



New Technology 
Legal/Policy Obstacles

• Privacy
• 4th Amendment
• State/local regulation
• Costs
• System 

Failure/Malfunctions
• Hacking
• Harm from RF

• Stress from constant 
surveillance

• Worried well
• Data overload
• Public perceptions
• Political critiques







Possible Innovative Approaches

• Adaptive management (e.g., pilot projects, safe 
harbors)

• Tiered enforcement/triggers
• Third party verification/certification 
• Collaborative approaches (e.g., public-private 

partnerships)
• Insurance companies
• Private standards (e.g., ISO)
• Private enforcement (e.g., citizen suits)
• Anticipatory technology assessment



Conclusion:
Need for Dynamic Approach

• “the contextual reality of dynamism suggests 
that an indispensable component of regulatory 
design is awareness of the likelihood that 
normative objectives may change over time.  It is 
also important to consider the shifting 
capabilities and interests of different key actors 
throughout the entire regulatory enterprise and 
the extent to which these developments should 
influence design of regulatory structures.”
– David Markell & Robert Glicksman , A Holistic Look at 

Agency Enforcement, N. CAR. L. REV. (2014)



Too Much Information?
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