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A"Key"Challenge:"Changing"Climate
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Pierce$et$al$2013$(J.$Clim.):))Model)disagreements)in)the)projected)change)in)occurrence)of)the)heaviest)
precipita'on)days)(>60)mm)day−1))account)for)the)majority)of)disagreement)in)the)projected)change)in)annual)
precipita'on,)and)occur)preferen'ally)over)the)Sierra)Nevada)and)Northern)California.))

Annual)precipita'on)projec'ons)vary)mostly)due)to)how)extreme)
precipita'on)events)are)handled)(in)CA)this)means)ARs).)
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From)Ralph)et)al.)2013,)J.#Hydrometeorology)
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Other$factors$
e.g.,$aerosols$
also$important$



Poten3al"Impacts"of"Aerosols"on""
California"Precipita3on"and"Water"Supply

•  CalWater)field)experiment)has)
documented)a)poten'ally)important)role)
of)Asian)dust)and)related)aerosols)on)
Sierra)Nevada)precipita'on))

•  CalWater)involves)CEC,)NOAA,)SIO,)DOE,)
NASA,)and)other)partners)

•  Ini'al)results)published)in)JGR)Sept)2011)
(Ault)et)al.))

•  40%)greater)precipita'on)in)a)storm)with)
Asian)dust)and)aerosols)versus)a)very)
similar)storm)without)them)

•  Creamean$et$al.$2013$(Science)$used$
aircraF$data$to$confirm$Ault$et$al.$2011$$
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NOAA$G:IV$
NOAA$P:3$

DOE$G:1$

CalWater:2015$

Research$AircraF$at$McClellan$Airfield,$Sacramento,$CA$
25$January$2015$

Photo%by%Marty%Ralph%(UCSD/Scripps/CW3E)%

DOE$G:1$aircraF:)measuring)cloud,)rain)and)snow)par'cles,)as)well)as)aerosols)such)as)dust)and)smoke)from)sources)near)and)far)
NOAA$G:IV$aircraF:)measuring)atmospheric)river)strength)and)structure)offshore)using)dropsondes)and)precipita'on)radar)
NOAA$P:3$aircraF:)measuring)ocean)and)atmosphere)with)radars)for)precipita'on,)cloud)&)ocean)waves,)and)air)&)ocean)sondes)
NOAA$Ron$Brown$Ship:)measuring)aerosols,)clouds,)atmospheric)rivers,)ocean)surface)and)subsurface)condi'ons)
DOE$AMF2:)many)sensors)mounted)on)the)NOAA)ship;)measuring)aerosols,)precipita'on,)clouds)&)winds)aloi)and)at)the)surface)
CA$Dept.$of$Water$Resources$extreme$precipitaVon$network:)measuring)atmospheric)rivers,)snow)level)and)soil)across)California)$
NSF$:$sponsored$aerosol)and)rain)measurements)at)the)coast)
NASA$ER:2$aircraF:)measuring)aerosols,)clouds)and)water)vapor)with)radar,)lidar)and)radiometer)



CALWATERB2015:""
ShipBbased"Sensors

•  DOE)AMF2)Z)PNNL)(Leung))(Aerosols,)radars,)lidars,)wind)profiler,)…))

•  Fluxes)and)NearZSurface)MeteorologyZESRL/PSD)(Fairall))

•  Balloon)soundings)Z)NOAA/NESDIS)(Nalli))
• Wave)dissipa'on)(SWIFT)buoys))–UW/APL)(Thompson)))

•  GPS)water)vapor)Z)U)Hawaii)(Almanza),)Businger))

Ron)Brown)track)from)Hawaii)to)ini'al)
opera'ng)loca'on)at)38)N,)140)W,)then)
to)37)N,)127)W)

Observed$strong$ARs$
4Zdays))))))3)days)



NSF-supported aerosol and precipitation measurements at Bodega Bay: 
UCSD, Colorado State University, North Carolina State University 

•  Precipitation collections for residue chemical, biological and ice nucleation 
•  Aerosols 

•  Single particle aerosol mass spectrometry 
•  IMPROVE chemically-speciated PM2.5 and PM10 
•  WIBS-4A bioaerosols and fluorescence microscopy collections  
•  Continuous aerosol size distribution 

•  Cloud-active aerosols 
•  Ice nucleation filter samples (integrated periods for offline analysis) 
•  Selected periods of single particle ice nuclei mass spectral composition 
•  Real-time ice nucleation measurements 4-8 hours daily 
•  Continuous scanning CCN 

•  Meteorology (NOAA and CA DWR) 

CSU$mobile$lab$

UCSD$lab$
CA)DWR)and)
NOAA)HMT)
wind)profiler)

Bodega)Bay)Lab)and)
CalWater)field)site)

PIs:  Kim Prather (UCSD/Scripps), Sonia Kreidenweiss (CSU), Marcus Petters (NCSU) 
Also Paul Demott (CSU) and Andrew Martin (UCSD/Scripps) 



Ron$Brown$

GZIV)flight)track)and)dropsonde)
loca'ons)on)24)Jan)2015)

Prelim.)airZsea)flux)from)Ron)Brown)
Bulk)vs)Turbulent)vs)OAflux)grid)

Courtesy#of#Chris#Fairall#



Composite))
17)aircraiZobserved)ARs)

Preliminary#analysis#from#
F.M.#Ralph,#S.#Iacobellus,#J.#Cordeira#



75%$of$Total$IVT$occurs$below$~3$km$MSL$

Average$Total$Water$Vapor$Transport$in$an$AR$is$4.5$x$108$kg$s:1$
Equivalent$to$roughly$half$the$discharge$of$all$rivers$globally$

1%$of$Total$IVT$occurs$above$~7$km$MSL$



Climate$change$intensificaVon$of$horizontal$
water$vapor$transport$in$CMIP5$

D.A.)Lavers,)F.M.)Ralph,)D.E.)Waliser,)A.)Gershunov,)and)M.D.)Deonger)
Geophysical)Research)Lepers)(2015))

Percentage)mean)IVT)increase)(RCP8.5)/)HIST))
in)DJF.))20Z30%)increases)near)California.)

Main$conclusions$

1.$The$mean$&$variance$of$
atmospheric$water$vapor$
flux$will$intensify$under$
projected$climate$change.$

2.$The$high:laVtude$
(ArcVc)$water$vapor$flux$
exhibits$the$largest$
percentage$increases.$

3.$The$increased$water$
vapor$flux$is$almost$
exclusively$due$to$
increased$low:level$
specific$humidity.$

Percentage)zonalZaveraged)mean)
IVT)change)in)DJF.)

0%###########Percentage#IVT#increase########100%#

Models$vary$from$
10:40%$increase$in$

DJF$mean$
midlaVtude$IVT$in$

RCP4.5$



AR frequency in aquaplanet simulations Southeast Pacific AR frequency in 
AMIP simulations 

•  AR frequency consistently 
decreases with increasing model 
resolution 

•  This sensitivity is traced to the 
poleward shift of subtropical jet 
with increasing model resolution 

•  Uncertainty in projecting changes 
in AR frequency in the future is 
partly related to uncertainty in 
projecting the jet shift 

Eddy-driven jet shifts poleward and weakens 
with increasing resolution 

(Hagos et al. 2015 JC) 

(Lu et al. 2015 JC) 

Slide#courtesy#of#Roby#Leung#



For)a)CalWater)overview,)see))
Ralph)et)al.)2015)BAMS)Early)Online)Release)

mralph@ucsd.edu)
cw3e.ucsd.edu)







Key"Science"Gaps

•  EvoluVon$and$structure$of$ARs,)including)quan'fying)terms)in)the)water)vapor)
transport)budget)(airZsea)flux,)rainout,)frontal)convergence,)entrainment)from)tropics))

•  PredicVon$of$aerosol$burdens$and$properVes$during)intercon'nental)transport)from)
remote)source)regions)to)the)U.S.)West)Coast,)including)dust,)biological)and)ice)nuclei)

•  Effects$of$climate$variability$and$change$on$these$phenomena$

Major$goal:$$Measure)influx)of)moisture)to)California)from)landfalling)
atmospheric)rivers)and)study)the)influence)of)transported)(cross)Pacific))
or)local)(Central)Valley))aerosols)on)precipita'on)from)the)coast)to)
Sierra.)



Coordinated flights, February 5, 2015 

1928 UTC 
Terra)

GZ1)

PZ3)

GZIV)

ERZ2)
Ron)Brown)



CalWater$:$2015$

NOAA$P:3$

NOAA$RV$
Ron$Brown$

NOAA$G:IV$

DOE$G:1$

DOE$AMF2,$on$
NOAA$RV$Brown$

DWR$Extreme$
PrecipitaVon$
Network$

NASA$ER:2$

449$MHz$wind$profiler$

ATOFMS)



Highlights"about"60%"through"2015"campaign

• Many)ARs)and)a)wide)variety)of)aerosol/cloud)condi'ons)observed)
•  35)research)aircrai)flights)conducted)(through)12)Feb))
•  270)dropsondes)and)150)AXBTs)deployed)by)aircrai)
•  30)day)cruise)by)the)Ron)Brown)completed)(finished)12)Feb))
•  30)days)of)ground)opera'ons)at)Bodega)Bay)plus)25)more)planned)
•  2)fully)coordinated)IOPs)with)all)assets)par'cipa'ng)
•  20+)addi'onal)research)flights)an'cipated)(180)more)dropsondes))

•  Total)cost:)~$11)M)(NOAA)$4M,)DOE)$4M,)NSF)$2M)+)ONR,)NASA))



CalWater:2014$
Ralph#et#al#2015#(BAMS#in#press)#

Up$to$>$12$inches$
of$rain$–$some$
drought$relief$

This$AR$increased$precipitaVon:to:date$from$16%$to$
40%$of$normal$in$<$4$days$in$key$Northern$California$
watersheds,$but$runoff$was$muted$due$to$dry$soils.$

SSM/I$satellite$observaVons$of$water$vapor$on$8$Feb$2014$

Russian$River’s$highest$
flow$in$>$1$year$

Hawaii$

“Fronta
l$wave”

$


