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“Nonstationarity”: Climate Change Premise
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Acts of God: & Inaction of Man
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Trends & Uncertainties: Heat Waves
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Larger trends but higher uncertainty and spatial 
variability in regional warming and heat waves
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Surprising Insight: Cold Extremes
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Persistent cold snaps 
under a warming 
environment

Uncertainty at 
regional scales
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Plausible Insights: Precipitation Extremes 
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Observed: 40-year extremes in 1930s  30-year extremes in 2000s

Climate model says: 30-year extremes in 2000s  5-year extremes in 2100s 
--------------------------------------------------------------------------------------------------------------

Translated to Intensity-Duration-Frequency (IDF) curves for design and planning
Uncertainties dominate at regional scales and grow with precision
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Water stress: Combined population and climate change

Plausible Insights: Freshwater Resources 
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Plausible Insights: Water-Energy Nexus
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Plausible Insights: Marine Ecology
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The “Big Data – small data” conundrum 

10

Geography:
Space-Time / Features
“First Law”: Correlations
Teleconnections (“El Nino”)

Complexity:
Chaos & Sensitivity to Initial Conditions
Random (Random Walk to “1/f Noise”)
Nonlinear Dependence
Long Memory (“Hurst” phenomenon)
Long Range Teleconnections (“El Nino”)

Extremes:
T-year Events
Abrupt Change
Multivariate Extremes
Spatiotemporal Extreme Dependence 
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“Deep Uncertainty”: Complex, Stochastic

D(P–E): Thirty-year differences of five-year averages
Columns: Model Ensembles; Rows: Initial Conditions
Margins (shaded): Average of the Simulated Values
Darker Blue: Wetter; Darker Brown: Drier
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Deep Uncertainty: “Chaos”

Large sensitivity to initial 
condition runs for low 
frequency signals

Wide variation 
among models: 
Irreducible 
uncertainty?
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Deep Uncertainty: “Teleconnections”

Low-frequency natural 
variability of the earth’s 
climate system

Ocean influence on 
regional land climate
(Case of the Indian 
monsoons)
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No increasing trends in rainfall extremes 
in India during last half-century

Extremes Characterization: Indian Monsoons

Trend of 30-year return levels Trend of 100-year return levels
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Extremes in Space: Trends & Variability 

Steady increase in the spatial variability of 
observed rainfall extremes 

(Extreme value theory and the Bootstrap)
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Multivariate Extremes: Correlations 

Tail Dependence (l):

No dependence (l=0)
100-year events are 
independent
Two simultaneous 100-year 
events  A 10,000-year event

No dependence (l=1)
100-year events are exactly 
independent on each other
Two simultaneous 100-year 
events  A 100-year event
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Nonlinear Correlation: “Toy” Models

Linear Quadratic Periodic Chaotic

Gaussian and kernel fits 
to short and noisy data 
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Nonlinear Correlation: El Nino & Hydrology

Nile Amazon

Congo Parana

Ganga
El Nino impacts on tropical hydrology

Linear versus 
robust nonlinear 
correlations
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Climate Networks: Dependence & Teleconnections
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Vertical wind speed:
Ocean convection?
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Climate Networks: Predictive Analysis
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Climate Risks: 3-Tier View
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Network science exist
Barabasi et al. (2000), 

Gao et al. (2011), Karrer 
et al. (2008) 

Emerging research
Anecdotal case studies

Ad-hoc cases

Risk
Risk= P(T) x P(V) x P(E)

Overall framework
Qualitative description

(Linkov et. Al, 2014) 

Response

Recovery

Infrastructure Resilience: Lifeline Networks
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Infrastructural Resilience: Indian Railways

2004 Indian 
Ocean Tsunami

2012 Indian 
Power Blackout

Simulated 
Terror Attack
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Infrastructural Resilience: Boston Lifelines

(Work in Progress)

Transportation-Electricity 
Networks as a System of Systems
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Ecological Resilience: Biodiversity & Species Loss

(Work in Progress)
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Behavior Modeling: Agent Based Models

“Even if these models turn out to be 

basic, they would at least open up a 

way for commanders to think about 

cultural and behavioral factors when 

they make decisions”

Anthony Zinni, former Chief of US 

Central Command

“They are smoking something they 

shouldn’t be … Only those who don’t 

know how the real world works will 

be suckers for this stuff”

Paul Van Riper, Lt. Gen. (ret.) for 

Dir. Intel, U.S. Army
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SDS Lab & Spinout (risQ): Impacting Society & Policy

Broader Impacts: Societal Priorities
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Climate change, exacerbating 
heatwaves and public health impacts: 
Adaptation and mitigation challenges 

for the town of Brookline

Ongoing Work: Climate & Public Health
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Broader Impacts: Lab Spinout

www.risq.io

http://www.risq.io/
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1

Recovery Strategy

(Post Disaster)

Climate Science

Broader Impacts: Best Practices

Confidential 
(Please contact Auroop Ganguly directly for more 

information about RisQ partnership with market leader)
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Video: “Make in India”

SDS Lab Videos Playlist (by created Udit Bhatia):
https://www.youtube.com/playlist?list=PLI-Aw0yy9N9_5yvkCvvQsIXH8cac6pqwq

Citations and References:
SDS Lab: www.northeastern.edu/sds

NU COE: www.civ.neu.edu/people/ganguly-auroop
RisQ: www.risq.io

Contact: a.ganguly@neu.edu


