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Objective: to quantify the contributions of natural climate variability 

and anthropogenic climate change to the likelihood and magnitude of 

extreme weather events. 

Did climate change cause a specific event?

How much did climate change modify the magnitude and 

likelihood of a specific event?

APPaul Chinn / The Chronicle

Flooding following an atmospheric river Hurricane Katrina



Attribution Science: approaches and applications
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1)  Observationally-driven statistical models

Åchanges in return periods and return values

ÅHurricane Harvey

2)  Global Earth-system models

Åchanges in event frequency and magnitude

ÅKarachi, Pakistan heatwave

3)  Regional climate model hindcast-based ñstory-line approachò

Åchanges in magnitude of specific events

Å15 tropical cyclone events

ÅExtreme precipitation events in the San Francisco Bay Area
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Approach 1: Observationally-driven statistical models
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Å Method: produces Generalized Extreme Value distributions for precipitation 

as a function of natural and anthropogenic variables

Å Suitable for: various types of observable extreme events (e.g., station 

observations of precipitation covering multiple decades)

Å Assumptions: substantial physical influences on extremes are accounted 

for as covariates in the statistical model 

Å Application: Hurricane Harvey
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Hurricane Harvey
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Harvey stalled over Houston, TX after making landfall on Aug 26 2017, 

leading to severe flooding.

ü Did climate change contribute, and by how much?

Risser, MD & Wehner, MF (2017) Attributable HumanȤInduced Changes in the Likelihood and Magnitude 

of the Observed Extreme Precipitation during Hurricane Harvey. Geophysical Research Letters.

Developed model using Generalized 

Extreme Value distributions to describe 

how maximum 7-day rainfall has 

changed over 1950-2017 using 

covariates:

Å CO2 concentration

Å El Niño - Southern Oscillation
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CO2 concentration

Nino3.4



Return period: How often a storm will occur

7-day rainfall total of 735mm over small region

Å3,000-year storm in 2017

Å31,000-year storm in 1950

Hurricane Harvey: Changes in observed extreme precip
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Risser, MD & Wehner, MF (2017) Attributable HumanȤInduced Changes in the Likelihood and Magnitude 

of the Observed Extreme Precipitation during Hurricane Harvey. Geophysical Research Letters.

Return value: Magnitude of ñ1-in-3,000 yearò storm

7-day rainfall total of 735mm over small region

ÅComparable storm would have been 533.8mm

ÅBest-estimate increase of 38%

ÅñLikelyò increase of at least 19%
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Approach 2: Global Earth-system models
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Å Method: produces century-long, large-ensemble simulations using 

global climate models

Å Suitable for: quantifying changes in rare events that can be represented 

with coarser model resolution (e.g., heatwaves and drought)

Å Limitations: suitability for intense storms depends on model resolution, 

which is limited by supercomputing power

Å Application: Karachi heatwave
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Karachi heat wave
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A severe heat wave impacted Karachi, Pakistan in June 2015, with temperatures 

exceeding 113ºF.

ü How did climate change modify the likelihood of this event?

Wehner, MF, DA Stone, H Krishnan, K AchutaRao, F Castillo (2016) The Deadly Combination of Heat 

and Humidity in India and Pakistan in Summer 2015. Bulletin of the American Meteorological Society.

Karachi airport:  Observations (1973-2015)

The co-occurrence of high 

temperature and humidity resulted 

in an extreme heat-index.
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Karachi heat wave: Simulated changes in likelihood
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Large-ensemble of 1.0º resolution 

simulations with the Community 

Atmosphere Model

Å Factual: world that was

Å Counterfactual: world that might 

have been

The maximum daily temperature 

during the heat wave was 3.6 times 

as likely due to climate change. 

The maximum daily heat-index was 

7.7 times as likely. 

Wehner, MF, DA Stone, H Krishnan, K AchutaRao, F Castillo (2016) The Deadly Combination of Heat 

and Humidity in India and Pakistan in Summer 2015. Bulletin of the American Meteorological Society.
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Approach 3: ñStory-lineò regional model hindcasts
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Å Method: produces hindcasts of specific events with and without climate 

change using regional climate model

Å Suitable for: the most intense weather events, such as extreme 

precipitation and major hurricanes 

Å Assumptions: an event similar to the observed event could occur in a 

different climate scenario

Å Applications

Å 15 tropical cyclone events

Å Extreme precipitation in San Francisco Bay Area
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Anthropogenic Influences on Major Tropical 

Cyclone Events

Patricola and Wehner

Nature (2018)
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How has climate change so far influenced TC activity?

Å No detectable/conclusive trend in number and intensity

Å Large variability, under-sampling during pre-satellite era 

How is climate change expected to influence future TC activity?

Å No consensus on global frequency 

Å Global models and theory suggest increase in number of intense TCs

Emanuel 1987; Broccoli and Manabe 1990; Haarsma et al. 1993; Sugi et al. 2002; Knutson and Tuleya 2004; Emanuel 2005; Webster et al. 2005; Klotzbach 

2006; Landsea et al. 2006; Kossin et al. 2007; Bengtsson et al. 2007; Gualdi et al. 2008; Vecchi and Knutson 2008; Landsea et al. 2010; Knutson et al 2010; 

Bender et al. 2010; Hill and Lackmann 2011; Sugi et al. 2012; Emanuel 2013; Knutson et al. 2013; Lin and Chan 2015; Yoshida et al. 2017

Reviews/reports: Grossmann & Morgan (2011), Walsh et al. (2015), Camargo & Wing (2016), Sobel et al. (2016), Kossin et al. (2017), Knutson et al. (2017)

No detectable trends, inconclusive projections

Patricola and Wehner (2018) Anthropogenic Influences on Major Tropical Cyclone Events. Nature.
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Increasing greenhouse gases and TCs

Å SST warming: intensify TCs

Å Ocean subsurface: may be dampening effect (Huang et al. 2015)

Å Greater warming of upper-troposphere: weaken TCs

Å Tropopause cooling: strengthen maximum potential intensity

Å Vertical wind shear: changes are uncertain

Patricola and Wehner (2018) Anthropogenic Influences on Major Tropical Cyclone Events. Nature.
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Questions

Investigate recent destructive tropical cyclone events using 

convection-resolving climate model experiments:

× How did climate change so far influence Hurricanes Katrina, Irma, 

and Maria?

× If similar hurricanes occurred in the future, how could they change?

× What is the uncertainty due to convective parameterization?

× How robust are these findings?

Å 15 events representing all basins, multiple emission scenarios

Patricola and Wehner (2018) Anthropogenic Influences on Major Tropical Cyclone Events. Nature.
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Regional climate model experiments

Weather Research and Forecasting (WRF) Model

ÅHindcasts using observed conditions

ÅLateral boundary conditions: 6-hourly NCEP CFSR

ÅSST: 0.25º daily NOAA-OI or CFSR

Å10 member ensemble

Resolution Cumulus 

parameterization

27 km
Kain-Fritsch

9 km

9 km
none

3 km

Patricola and Wehner (2018) Anthropogenic Influences on Major Tropical Cyclone Events. Nature.
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Hurricane Katrina 3 km

Hurricane Katrina
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Regional climate model experiments

Áhistorical (hindcast, CFSR)

Ápreindustrial (CAM)

ÁRCPs (2081-2100, CCSM4)

Surface boundary 

conditions:

SST + �'��SST

Lateral boundary conditions:

o T + �'��T
o RH + �'��RH

o Z + �'��Z

Initial conditions:

o TS + �'��TS

o T2 + �'��T2

o Q2 + �'��Q2

o SLP + �'��SLP

o PS + �'��PS

Greenhouse gas concentrations

Hindcast methodology for conditional event attribution:
Pall, Patricola, Wehner, Stone, Paciorek, Collins (2017)

Takayabu et al. 2015; Lackmann 2015; Ito et al. 2016; Nakamura et al. 2016; 

Takemi et al. 2016; Kanada et al. 2017; Wehner et al. 2019

Patricola and Wehner (2018) Anthropogenic Influences on Major Tropical Cyclone Events. Nature.
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