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1. Introduction to UKCA 2 G LOMAP aerosol miCrODhVSiCS Simulates aerosol lifecycle resolving new particle

formation and growth to climate-relevant sizes.
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« Collaboration between NCAS & UK Met Office Hadley Centre since Global Model of Aerosol Processes (GLOMAP)
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2005. Universities of Leeds & Cambridge main NCAS partners Developed in Leeds since 2003 to simulate global n-air oxidation Emission of primary pamcles Uptake to clouds
* Aerosol-chemistry sub-model in Met Office Unified Model environment aerosol with size-resolved number andcomposition. \

for a range of applications (climate, Air Quality, Earth System science) CEaRrvioe Low volatility l N

. X X Fleld campaigns Resolves processes that grow gas phase oxidation S . / \

« Tropospheric and stratospheric chemistry schemes. aerosol from nm to CCN sizes. Size products |\ N~ In-cloud OX'datIOH

Aerosol precursor extension to UKCA chemistry schemes so that Modal scheme I Condensatlon l ! Activation

climate model simulated aerosol is coupled to atmospheric chemistry. ~ |TOMEAT 90bal ETMI - o prediction || Earth system coupling Each made may

GLOMAP-bin aerosol

« Improved representation of aerosol in UK climate model simulations =
-- new particle formation & growth using GLOMAP aerosol microphysics || sectena tim seresel Unified Model ([ QUEST Ea

Rave e Nucleation A of ccN ‘_
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-- internally mixed aerosol (e.g. BC & sulphate) affect optical properties UKCAIn HadGEmza || SYstem Model Coagulation cloud
- biogenic secondary organic aerosol from monoterpene oxidation jraeionol ipduls {GlomAP-mode || {GLomapmode 1| GLOMAP has 2 alternative gézfosol schemes processing
« UKCA interactive ozone, methane and aerosol (direct/indirect) radiative [\ | |izereseimoae J)|lsersaimodve | using the same/similar process representation. N
effects for fully coupled composition-climate simulations. GLOMAP-mode = 2-moment modal scheme - ~ - N
* Enhances UK capability in aerosol-climate-earth system modeling and M é’\fion&::f:)’ijgf_’mom(;;iijgizig?cugﬁzrs) Dry Deposition Wet Deposition
provides integration for NCAS and Met Office initiatives. (Spracklen et al, 2005) (60-250 aerosol tracers) ~1.E9m Particle Size ~50.E-6 m

4. UKCA chemistry schemes ) ) .
A. Preliminary tropospheric scheme “Standard Tropospheric” (StdTrop): 5' GLOMAP SImUIated aerOSOI In HadGEM-UKCA and In TOMCAT

8 emitted species, 46 species (26 advected), 129 reactions (27 are photolysis)

Simulates O,, HO, and NO, chemistry with oxidation of CO, ethane & propane. Figure 1 : Dec & Jun DMS (surface) Fiqure 2 : Dec & Jun SO, (surface i .

Aerchem Extension emits DMS. SO, & terpene species oxidation=> H,SO, & SOA. 9 g 2 ( _)' Figure 3 : Dec & Jun Soﬂ (surfaﬁ)

In-cloud oxidation of SO, to SO, via aqueous reaction with H,0, and O,. TOMCAToffox UKCA_NRTroplsop TOMCAToffox UKCA _NRTroplsop TOMCAToffox UKCA_NRTroplsop
! — . n —

B. Stamdard tropospheric scheme “Trop chem with isoprene” (Troplsop):
9 emitted species, 55 species (48 advected), 164 reactions (35 are photolysis)

Same chemical cycles as above but additionally Mainz Isoprene Mechanism.
Aer-chem extension: As above but identical scheme to coupled TOMCAT-GLOMAP.

Only gives biogenic SOA from monoterpenes - isoprene-derived SOA to be added.

C. Standard stratospheric scheme “StratChem/CheS”
Simpler tropospheric chemistry beneath more complex stratospheric scheme.

TOMCAToffox UKCA_NRTroplsop TOMCAToffox

A

Aer-chem extension: Stratospheric sulphur scheme with COS & photolysis reactions.
D. Whole-atmosphere chemistry scheme “WAChem/CheST”

Target supported chemistry which merges tropopheric and stratospheric chemistries
Aer-chem extension: merges Troplsop and Stratospheric aerosol chemistries.
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Also Extended Tropospheric Chem (ExtTC) and Regional AQ chem (RAQ) schemes

but these not yet coupled to GLOMAP-mode aerosol. Jun —_— * Jun
6. Runs used in compariSon  Fig 4 : Dec & Jun organic matter (srf) Fia 5 : EC & sea-salt (srf ann mean) Fig 6 : CN,, & CCN, (srf ann mean)
Compare GLOMAP-mode simulated aerosol in HadGEM-UKCA against TOMCAToffox UKCA_NRTroplsop TOMCAToffox UKCA NRTropIsop TOMCAToffox UKCA_NRTroplsop
established TOMCAT-GLOMAP framework and observations. o ' : = : -

TOMCAToffox T42L31 with 6-hrly monthly-mean oxidant fields
(TOMCAT).
--- GLOMAP-mode v6 with revised modal settings as Mann et al . (2012)
--- AOD & forcings can be alculated offline based on monthly fields.
--- use AEROCOM phase 1 emissions (Dentener et al., 2006)

UKCA_NRTroplsop : N96L63 v7.3 HadGEM3-A-r2.0 Troplsop w FAST-J
--- GLOMAP-mode v6 with revised modal settings as Mann et al . (2012)
--- diagnose AOD & aerosol direct & indirect radiative effects online every

radiation timestep using double-call to radiation scheme (RADAERv2)
--- use AEROCOM phase 2 emissions (Diehl et al., 2012)

UKCA_BEStdTrop : N96L38 v7.3 HadGEM3-A-prelim StdTrop w 2D-phot
--- GLOMAP-mode v5 with original modal settings as Mann et al . (2010)

--- diagnose AOD & aerosol direct & indirect radiative effects online every ! ) ‘ c N76
radiation timestep using double-call to radiation scheme (RADAERv1) g 9:CN,, & CCN (Iat/alt ann mean )_
--- use AEROCOM phase 2 emissions (Diehl et al., 2012) 10-—=—=2070

7. HadGEM-UKCA & TOMCAT-GLOMAP vs benchmark observational datasetsﬂ""”°"°f UKCA_NRTroplsop

T oy,

UKCA_NRTroplsop

Fig. 7 : DJF & JJA AOD vs AERONET Fig. 8 : CCN vs compilation of observations (surf) Fig 9 : CCN at Cape Grlm £

DJF AOD at 0.44 um
Troplsop CheT N96L63
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