
Greg Thompson & Trude Eidhammer

Research Applications Laboratory
National Center for Atmospheric Research

24 Feb 2015  |  Coupled Chem -Meteo /Climate Modelling |  WMO |   Geneva, Switzerland

Collaborators:

ÅMukul Tewari , NCAR-RAL

ÅDave Gill, NCAR-MMM

ÅAlison Nugent, Yale Univ

A study of aerosol impacts on clouds and precipitation 

development in a large winter cyclone



Introduction |    Microphysics Background    |    Aerosol Treatment    |    Case Study    |    Future Work    |    Summary

Movtivation

ÅMotivation

ÅAerosol Treatment

ÅCase Study:  31Jan-03Feb2011

ÅFuture work & Summary



Introduction    |    Microphysics Background |    Aerosol Treatment    |    Case Study    |    Future Work    |    Summary

Goals

incorporate fundamental, 1st order aerosol treatment:

Åactivation of CCN & IN

Ådepletion of aerosols - precipscavenging

Åsimplistic aerosol replenishment (surface emissions)

Åensure physics consistency between prior scheme and new aerosol-aware scheme

Ådirectly couple with radiation for direct/indirect effects

Åmake it low-cost
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ÅCreate aerosol dataset for input & lateral boundary conditions - GOCART, 7ïyear simulation, monthly climo

ÅAdd 3 species to Thompson et al (2008) scheme:

Number of water-friendly aerosols (Nwfa) created by summing sulfates, sea salts, and organic carbon

Number of ice-friendly aerosols (Nifa) created by summing 5 size bins of dust

Number concentration of cloud droplets (2-moment)

ÅActivate CCN using look-up table created using detailed parcel model (Feingold & Heymsfield, 1992), 

depending upon:

Number of available aerosols (not yet nucleated)

Updraft strength

Temperature

Aerosol mean size (already assumed geometric standard deviation)

Aerosol hygroscopicity parameter

ÅActivate IN following DeMott et al (2010) and Phillips et al (2008) based on dust larger than 0.5 microns

ÅExplicitly compute (internally consistent) cloud water, cloud ice and snow radiative effective diameter to 

pass to radiation scheme (RRTMG)

ÅInclude 3-d aerosol scavenging by rain, snow, and graupel

ÅInstall simplistic surface aerosol flux - in lieu of full emission inventory (future goal)

Methodology

ÅAdded cost is +16% over mp_physics= 8

ÅNew mp_physics= 28

ÅPublic release in V3.6 (Spring 2014)

ÅUnified module_mp_thompson.F source code

ÅCan easily utilize idealized input aerosol profiles
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Input aerosol data - GOCART

GOCART: Goddard Chemistry Aerosol Radiation and Transport model

Åspecies:  sulfates, seasalts, organic & black carbon, dust

Åmass mixing ratio of various size bins of each species

Å7-year simulation - averaged to monthly values

Åmoderate resolution (0.5x 1.25o)

PROBLEM:  snow-covered dust regions still emit dust

Organic

Carbon
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Storm features:

1.Record snow 1-2 feet Tulsa to Chicago

2.Widespread ice storm: TX to CT

3.Convection in southeast USA

4.Lake effect snow

5.Orographic snow in Rocky Mountains

6.For 72 consecutive hours, between 300 and 

500 stations reported hourly precipitation

7.List of $1+ billion (USD) storms

8.Dozens of deaths attributed to storm

9.Airports from Dallas to Toronto shut down

Chicago:
Lake Shore Drive



Introduction    |    Microphysics Background    |    Aerosol Treatment    |    Case Study |    Future Work    |    Summary3-day winter cyclone: 31Jan-

02Feb2011
Freezing rain & sleet

Canton, OH

New York City


