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Atmospheric River Impacts
* Global / Extra-tropical Climate & Variability

(Zhu & Newell, 1998; Guan & Waliser, 2015; Nash et al. 2018)

* Global Water Availability & Flood Risk

(e.g. Ralph et al. 2006; Dettinger, 2013; Lavers et al. 2009; Paltan et al. 2017)

Projections of Global Warming

Indicate Changes to:

« Global Water & Energy Cycles
« Atmosphere/Ocean Circulation
« Extreme Events
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Climate Change & ARs
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* No Global Studies

* No way to compare UK & US, different
models, methods and algorithms

* What about outside UK & US?

@ U.S. Global Change
Research Program

CLIMATE SCIENCE

L REPORT

'}

Fourth National Climate Assessment | Volume |

CSSR Executive Summary: The frequency and severity of
landfalling “atmospheric rivers” on the U.S. West Coast ...
will increase as a result of increasing evaporation and
resulting higher atmospheric water vapor that occurs with
increasing temperature. (Medium confidence) (Ch. 9)
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RCP8.5 / Hist

Global
Evaluation of
Climate Change
Impacts on ARs
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Guan & Waliser (2015) Lavers et al. (2015)

Global AR CMIP5 Analysis of IVT
Detection Climate Changes for ®
Algorithm 21 CMIP5 Models
Identifies ARs, IVT increases by
frequency, 30-40% in the North
transports and Pacific and North
landfalls Atlantic storm tracks for

DMADQ |
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Detection Algorithm

Apply AR detection algorithm™ to

CorR\pute MOFieI-Dependent Historical, RCP4.5, RCP8.5 Simulations
85" Percentile of IVT from . .

Historical Simulations*

L

- N
Shape=Green, Axis=Blue, Landfall=White . A% &g,
Landfall WT=1155kg/m/s dir. 31° :

Mean IVT=519kg/m/s dir. 58°

* IVT > 85th percentile
* Look for contiguous areas o
* Length > 2000 km
* Length/Width > 2

180 170% 160w (S0W 1400 130w 120w (10w 100W 90w 80W

*Use Historical IVT threshold for AR detection on Historical, RCP4.5 and RCP8.5 simulations



B i ette o Toomoigy Climate Change & ARs
AR Frequency, Size & Transport: 21 CMIP5 Models

a) ERA-Interim (1979-2002) Historical (1979-2002)
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Calioms nethye o ool Climate Change & ARs
AR Frequency, Size & Transport: 21 CMIP5 Models

ERA-Interim (1979-2002) Historical (1979-2002)

kg/m/s

RCP8.5 — Historical AR Frequency and IVT RCP8.5(2073-2096)
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W e Ly Climate Change & ARs
AR Frequency, Size & Transport: 21 CMIP5 Models

Composite AR IVT Histogram

Historical (N= 177, 543, 059)
RCP8.5 (N= 267, 866, 762)

AR conditions vs AR Events
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AR Frequency, Size & Transport: 21 CMIP5 Models

Typical AR Object Changes in ARs

Length 4300km

Width 700km

Number* 1.53M About 25% longer
About 25% wider

Typical AR Object About 10% fewer

Length 5400km

Width 855km

Number* 1.40M

AR Conditions = Number ARs * Length * Width
Present = 4.61 x 1012 km?

Future = 6.46 x 1012 km?2 About 40% Increase in AR Conditions

* Total Number in 20 Year Period

Occurrence of extreme IVT values within ARs ~double.



[ e CMIP5 Model Biases
AR Frequency

Historical Simulations
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St Tt S ey CMIP5 Model Biases
AR Frequency & IVT

AR Frequency Zonal Average (Hist. and ERAI)
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o il CMIP5 Model Biases
AR Frequency & IVT

AR IVT Zonal Component Mean Bias (Hist. and ERAI) f) ARIVT Zonal Component Zonal Average (Hist. and ERAI)
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o il CMIP5 Model Biases
AR Frequency & IVT

g) AR IVT Meridional Component Mean Bias (Hist. and ERAI) h) AR IVT Meridional Component STD of Mean Bias (Hist. and ERAI) i) AR IVT Meridional Component Zonal Average (Hist. and ERAI)
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Camaneoeemacy CMIP5 Model Projections
AR Frequency

RCP8.5 - Historical
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Llonreoesromsey  CMIP5 Model Projections
AR Frequency & IVT
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caemansieo memoes  CMIP5 Model Projections
AR Frequency & IVT

“omponent Mean Delta (RCP8.5 — Historical) TD of Mean Delta (RCP8.5 — Historical) f) AR IVT Zonal Component Zonal Average (RCP8.5 — Historical)
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caemansieo memoes  CMIP5 Model Projections
AR Frequency & IVT
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Regional Details: Bias & Projections
AR Frequency

A. CMIPS Av

CMIPS Model
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AR Frequency

AR Frequency Difference (Historical - ERAI) per Geographic Location
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Summary

A uniform, global approach is used to quantify how atmospheric rivers
(ARs) change between CMIP5 historical simulations and future projections
under the RCP4.5 and RCP8.5 warming scenarios.

Key Points:

* Globally, CMIP5 projects that atmospheric rivers (ARs) will be ~10%

fewer, ~¥25% longer, ~25% wider, and with stronger moisture transport
under the RCP8.5 scenario.

* In the midlatitudes where ARs are most frequent, AR conditions are

~50-60% more frequent and AR transport is ~¥20% stronger in the
future.

 Systematic low biases exist in the midlatitudes in historical AR frequency
(¥10%), zonal (¥15%), and meridional (~¥25%) moisture transport.
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lllustrative Method Slide

Histogram of GFDL-CM3 IVT in S. Pacific Ocean (61S, 216.25E)

[ Total Historical IVT (N=8766)
[ Total RCP8.5 IVT (N=8766)
AR IVT Historical (N=713)
AR IVT RCP8.5 (N=1838)
Top NAR IVT RCP8.5 (N=713)
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Climate Projection Studies Of Atmospheric Rivers
To Date Mostly Focused On Two Regions

Western N. America Western/Northern Europe

Do a4 :
Warner et al. 2015

Dettenger (2011), Payne and Magnusdottir (2015), Lavers et al. (2013), Gao et al. (2015),

Waner et al. (2015), Gao et al. (2015), Radi¢ et al. Ramos et al. (2016), Shields et al. (2016)
(2015) Hagos et al. (2016),

The Impacts Of Climate Change On “Atmospheric Rivers”
Across The Globe Has Yet To Be Examined
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. Compute IVT

>
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o % - 2 um
p— e . -
E X = s — Vertically
< < D Integrated Vapor
_— Transport (IVT)
—
Wind Water Vapor Water Vapor
Transport
Il. Map IVT timeseries globally 1. Apply AR Criteria
-, _
A Sing * |IVT > 85th percentile

* Look for contiguous areas
* Length > 2000 km
e Length/Width > 2

Gives Long, Narrow Extreme Moisture Transports i.e. Rivers



