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Societal	  Relevance	  
•  Variability	  of	  water	  supply	  
•  Incidence	  of	  extreme	  precipita;on	  

events	  
	  

Key	  Phenomena	  and	  Science	  Gaps	  
•  Impact	  of	  atmospheric	  rivers	  (ARs)	  on	  

flooding	  and	  drought	  relief	  
•  Aerosols	  impacts	  on	  precipita;on	  
•  Effects	  of	  climate	  variability	  and	  

change	  

CalWater 2015 Drivers 

Atmospheric Rivers:  Two examples that produced extreme rainfall 
and flooding  

CalWater Website:  www.esrl.noaa.gov/psd/calwater 
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!

Challenge – Improve the predictive capability for extreme weather events by developing process understanding 
through the implementation of  integrated observing strategies that include quantifying aerosol impacts on weather 

CalWater 2015 Conceptual Framework 

CalWater Website:  www.esrl.noaa.gov/psd/calwater 
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CalWater 2015 
Integrated Observing Strategy 

Core	  Science	  Goal	  –	  Improve	  predic;ve	  
capability	  for	  extreme	  weather	  events	  

	  	  

Approach	  –	  Implement	  integrated	  
observing	  strategies	  to	  address	  science	  
gaps:	  
	  

• Atmospheric	  Rivers	  –	  Water	  vapor	  
budgets	  offshore	  and	  orographic	  
control	  of	  precipita;on	  upon	  landfall	  

• Aerosol	  impacts	  on	  precipita5on	  –	  
Aerosol	  composi;on	  and	  microphysical	  
condi;ons	  which	  facilitate	  nuclea;on	  
and	  affect	  precipita;on	  offshore	  and	  at	  
landfall	  
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CalWater 2015 
Implementation 

Intensive	  observa5ons	  for	  2	  months	  in	  
Jan-‐Feb	  2015	  with	  unprecedented	  
interroga;on	  of	  atmospheric	  rivers	  and	  
related	  water	  vapor	  transport	  
phenomena:	  
	  

•  57	  research	  flights	  
•  29	  day	  research	  cruise	  
•  33	  atmospheric	  river	  transects	  
•  444	  dropsondes	  from	  P-‐3	  and	  G-‐IV	  
•  300+	  ship-‐based	  radiosonde	  launches	  
•  Daily	  ship-‐based	  ozonesonde	  launches	  
•  Coordina;on	  with	  NOAA	  HMT	  
network	  and	  NSF-‐funded	  aerosol	  
supersite	  observa;ons	  	  

RHB departs 
Hawaii 

 14 Jan 2015 

ER-2 

RHB arrives 
San Diego 
12 Feb 2015 

P-3 
G-IV 
G-1 
 

RHB RHB 

Integrated Water Vapor Loop 
5 - 8 Feb 2015 
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NOAA	  WP-‐3D	  

NOAA	  G-‐IV	  

NOAA	  Ron	  Brown	  

J. R. Spackman1,2, Marty Ralph3, Kim Prather3, Dan Cayan3,4, Paul DeMott5, Mike Dettinger3,4, Chris Fairall2, Ruby 
Leung6, Daniel Rosenfeld7, Steven Rutledge5, Duane Waliser8, Allen White2!
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University, Fort Collins, Colorado, 6 Pacific Northwest National Laboratory, Richland, Washington, 7 The Hebrew University of Jerusalem, Jerusalem, Israel, 8 NASA Jet Propulsion Laboratory, California Institute of Technology, Pasadena, California

Above: HIAPER Pole-to-Pole Observations (HIPPO) of Carbon Cycle and Greenhouse 
Gases Study depicting CO (middle), Black Carbon (right), and an example flight path of 
the observations where the red markers indicate vertical profiles.

Courtesy of F. M. Ralph, Scripps Institution of Oceanography

Emerging research has identified two phenomena 
that play key roles in the variability of the water 
supply and the incidence of extreme precipitation 
along the U.S. West Coast. These phenomena 
include the role of: !
(1) Atmospheric rivers (ARs) in delivering much 

of the precipitation associated with major 
storms along the U.S. West Coast, and !

(2) Aerosols—from local sources as well as those 
transported from remote continents—and their 
modu la t ing e f fec ts on wes te rn U.S . 
precipitation.!

Courtesy of D.E. Waliser, NASA Jet Propulsion Laboratory

Integrated Water Vapor (IWV) satellite observations over the 
North Pacific illustrating the November 7, 2006 AR that 
made landfall in western Washington and northern Oregon.

Global plot of 259 ARs identified between May 2008-
April 2010.  The red box denotes the theater of 
operations for CalWater 2.  Image courtesy of 
Waliser et. al 2012 Bull. Amer. Meteor. Soc.

CalWater 2 – Precipitation, Aerosols, and Pacific 
Atmospheric Rivers Experiment

DOE ARM mobile 
atmospheric facility 

Radar and Lidar

Average number of AR days per week from 1 
November to 31 March for 2003-2012. Courtesy 
of G.A. Wick, NOAA Earth System Research 
Laboratory.!

Ground-Based Assets: CalWater 2 will leverage a set of advanced, 
land-based observations of the water cycle and ARs that are deployed 
as part of the NOAA HydroMeteorogical Testbed (HMT) Network

449 MHz Wind Profiler

S-Prof precipitation 
profilers

915 MHz Wind Profiler

CalWater 2 Conceptual Framework

Executive Summary

CalWater 2 Vision

Implementation Strategy

(2) Cloud-Aerosol-Precipitation Interactions

A set of science investigations have been proposed to fill gaps 
including a targeted set of aircraft and ship-based measurements 

and associated evaluation of data over regions 
offshore of California and in the eastern Pacific for 
an intensive observing period between January 
2015 and March 2015.  The DOE Atmospheric 
Radiation Measurement (ARM) program has 
committed airborne and ship-borne facilities for this 

same period in a study called ACAPEX (ARM Cloud Aerosol and 
Precipitation Experiment), a complementary study to CalWater 2.  

Expected outcomes for CalWater 2 include:!!
•! Improvements in prediction systems for the water cycle at 

weather and climate timescales,!
•! Distribution of an unprecedented meteorological, 

microphysical, and chemical dataset collected in AR 
environments both onshore and offshore for advancing 
understanding and prediction of aerosol effects on 
precipitation, and!

•! Development of decision support tools for extreme 
precipitation events, hazard response, and water supply 
for more effective water resources management.!

Atmospheric dynamics couples the water vapor content in the tropics and 
midlatitudes with aerosols through microphysical processes that, along with 
orography, influence precipitation.  The large-scale flow influences where the 
aerosols and clouds encounter each other and the thermodynamics determines how 
the aerosol particles nucleate water vapor to form cloud droplets and ice crystals.  
Many questions remain regarding the role of aerosols in the development of 
extratropical cyclones and associated ARs.!

Offshore Science Objectives

Landfalling Science Objectives

Observations are also proposed for subsequent winter seasons as part of a 5-year 
broad interagency vision to address the CalWater 2 science objectives.

Airborne Facilities:

ARs are a dynamic confluence of atmospheric moisture 
prevalent in the midlatitudes and can lead to extreme 
precipitation totals when they make landfall. They can both 
produce hydrological hazards and supply valuable water 
resources. 

(1) Atmospheric River 
Phenomenon

NOAA Ron Brown

Ship-Based Facilities: Department of Energy Atmospheric 
Radiation Measurement (ARM) Mobile Facility (DOE AMF2)!

Aerosol Observing System

Aerosol 
chemistry and 

NRL lidar 
supersite 

(UCSD/Prather)

NOAA	  
HydroMeteorological	  
Testbed	  Network	  

Several process studies are emerging 
from the intensive observations to 
address the CalWater 2015 science goals: 
 

•  Water vapor budget of  ARs 
•  Air-sea flux interactions in ARs 
•  Aerosol-cloud interactions including 

role of  direct and indirect aerosol 
impacts on precipitation 

•  Orographic control of  precipitation 
and microphysical and barrier jet 
processes 

•  Tropical-extratropical connections 
•  Data denial/model integration studies 

with dropsonde observations 

Emerging CalWater 2015 
Science Results 
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Max Mission:  Four research aircraft 
were coordinated with the NOAA Ron 
Brown during AR activity offshore of  
Northern California to address the 
science goal: 
 

•  Water vapor budget of  ARs 

Emerging CalWater 2015 
Science Results 
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Future CalWater Research Plans 

NOAA	  G-‐IV	  

Plans for Early 2016 
PSD has requested the NOAA G-IV to evaluate a Ball Aerospace-developed 
wind lidar on the NASA WB-57F with dropsondes and tail doppler radar on 
the G-IV in support of  CalWater science objectives providing: 
 

•  More detailed vertical coverage of  winds in storm environments 
•  Aerosol burdens in the region of  high-impact weather 

NASA	  WB-‐57F	  

Vision 
CalWater 2015 is part of  a project with a longer time horizon to develop integrated observing strategies to support 
process studies to improve weather forecasts and climate predictions including aerosol impacts on precipitation 

Strategy 
Establish partnerships internally in ESRL and externally with: 
• Ball Aerospace to develop airborne wind and aerosol profiling capability and 

the Chemical Sciences Division to implement airborne integrated observations 
• Global Systems Division to improve forecasts of  high-impact weather 
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Supplementary Material 
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Challenge – Improve the predictive capability for extreme weather events by developing process understanding 
through the implementation of  integrated observing strategies that include quantifying aerosol impacts on weather 

CalWater 2015 Conceptual Framework 

CalWater Website:  www.esrl.noaa.gov/psd/calwater 
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Coordinated Flight 
5 Feb 2015 

Max	  Mission:	  	  Four	  research	  aircrab	  coordinated	  with	  NOAA	  Ron	  Brown	  
during	  AR	  ac;vity	  offshore	  of	  Northern	  California	  
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