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Enviro-HIRLAM overview

Enviro-HIRLAM can be seen as an extension to HIRLAM

Main components: Dynamical core Physical module

l Chemical module

Primitive equations

l Radiation, cIoudsT, precipitation, ...

Semi-Lagrangian, Eulerian, semi-Lagrangian + Bott, CISL

|

Helmholtz equation, semi-implicit adjustmnent,
4t order diffusion

Feedbacks between all modules

A

Gas chemistry
Aerosol chemistry
Aerosol equilibration
Aerosol dynamics
Deposition

|

Prognostic equations: u, v, w, T, g, s, TKE, Ps, chemical and aerosol species



Motivation: Aerosol Effects on Atmospheric Processe ,7_9

Dlrect effect = decrease solar/ thermal-IR radiation and visibility;
warming: GHGs, BC, OC, Fe, Al, polycyclic/nitratedaromatic compounds

cooling: water, sulfate, nitrate, most OC Semi-Direct Effect
(scattering, absorption, refraction, etc.) /‘\ﬁﬁ o
Sem-direct effects — affect PBL ffofi-ff
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meteorology and photochemistry;

First indirect effect — affect cloud e N
drop size, number, reflectivity, and ;; O; ;;0) o);
optical depth via CCN,; -

Second indirect effect— affect cloud Sachind Duteck Fifet
liquid water content, lifetime, and A N AT
precipitation; SIS )
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Chain of all aerosol effectgnonlinear interaction)

High-resolution on-line models with a detailed descriptiorof the PBL
structure are necessary to simulate such effects

On-line integrated models are necessary to simulate corregtthe effects
Involved 2nd feedbacks
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Top: concentration as function of time at F15 and DKO02 for different couplni“ﬁg intervals: 30, 60, 120, 240,

360 minutes. Bottom: concentration after 36 hours with the same coupling intervals
Korsholm et al., AE, 2009
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GasChem modulein the current version of Enviro-HIRLAM considt o

A) The condensed CBM gas-phase mechanism based Bz CBaveri et al., 1999), which issimplified
lumped structure photochemical mechanism and fassthemical solver (The radical balance

solution techniqueSliman, 1991).
The chemical module has 120 reactions and 23 aglvegpecies

B) Photolysis rate: we setup a look-up table fealites as a function of altitude, solar zenith angloud
optical depth. J-values were originally generatgidgiprograms supplied by Sasha Madronich.

— | S04 GAS - Modes
nucleation
o o o + coagulation ;
AeroChem modulein Enviro-HIRLAM consists of: o suphate ' Nucleation
A) Thermodynamic equilibrium module HETV — b |5, coteen!
particle i FEel
(Makar et al., 2003 ), ottt | it I
. 1+4=4 : ‘
B) Cloud chemlstry | | | Suphate |‘T"5;2i= scioc |« Aitken
C) Aerosol dynamics module M7 (Vignati et al., 2] ] L
dakt: Growin 2+2=2 2i+2i=2]
v e
2+3i=3"
R CEA e ot vt I dust  lq... Accumulation
— 3+2i=3: '
part. growth Tﬂ I
Sulphate, BC/OC,[¢ 4420 o <+ |Coarse

Ad

d SS, dust

Mixed Insoluble
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» Enviro-HIRLAM contains parameterizations of ttieect, semi-direct, first and second indirect
effects of aerosols.

 Direct and semi-direct effects are realised by modification of Sa@arvi schemewith
iImplementation of a new fast analytical SW and LW (2-stream approgmdransmittances,
reflectance andabsorptance

» Condensation, evaporation and autoconversion in warm clouds are consideredtfasttcethe
model time step and are not treated prognostically.

» The bulk convection and cloud microphysics scheme STRAC(®ass, 1998) and the
autoconversion scheme by Rasch and Kristjansson (1998) forms the basisit# parameterisation
of the second aerosol indirect effect.

» As aerosols are convected they may activate and contribute to the cloudbglet number
concentration, thereby, decreasing the cloud droplet effectiveadius affectingautoconversior of
warm cloud droplets into rain drops.

 Cloud radiation interactions are based on the cloud droplet efféwe radius (Wyseret al., 1998).

* As it decrease warm clouds reflects more incoming short wave radiah, thereby,
parameterising the first aerosol indirect effect.

* A clean background cloud droplet number concentration is assumed and the anthropogenic
contribution is calculated via the aerosol scheme.
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Application without chemistry

1) Urban case study
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Net radiative flux = solar, atmospheric,
and surface visible and IR radiations

Sensible Latent Sored Anthropic
heat flux heat flux heat flux heat flux ONLY first call initialization NWP Model
t t t t Model grid domain parameters
s s s . < for urban scale; physical parameters;
ressesserseasasaass ‘.‘.‘._._._..::::: ........................................................... Inltlallzatlon Module - land-use classification surface data for
: o T %, Ts vec : urban area, etc.
As roof .
: : EACH time step of NWP model
: Tsbare Tsan Tsna
'Surface soil layer o r—’ rface soil layer B
Ret Tsoil / Lak : Urban MOdUIe B Meteorological variables passed from
: tojl:rrr;]s o' ool |aver > NWP model into URBAN module
equilibrium i Y Module with correction of urban roughness : including pressure, temperature,
3" il layer parameters, displacement height, - wind characteristics, etc.
................................................................................................ anthropogenic and storage fluxes, albedo '
1
| |
NWP Model Urban Module (BEP) Soil Model for Sub-Meso scales - Urban :
Building Effect Parameterization (SMZ'U) module (Dupont et al., 20033) > M
Fraction of urban classes (CORINE land-use) ) i
NWP Initialization === | BEP Initialization ChéraFteristics of urban districts gzﬁ : Calculated fluxes passed from the
i Emissionsi(MEGAROENTNO) Building Effect Parameterization : = URBAN module into the
: at each time step (BEP) module (Martilli et al.,, 2002) ! NWP model
SR = :
: ; '
: \/ : BEP + SM2-U combined module <!
! ' ; NWP Model
b Land Surface Scheme urban :
E ISBA ok TKE Source Terms E X
A = : \vlio,
.- : o
¥ Soil- Calculation . (2 )
: Biosphere- Diffusion Viscosity : 4
) I s : *
: - :
. : : < —
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T I (@)
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DMI NWP and Enviro-HIRLAM Modeling Domains
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Hin .- Urbanized Model Overall Performance
S (for Denmark)

diurnal variation for 00UTC forecasts for August .

(all stations at top, land stations in middle and coastal stations at bottom)

Mahura et al. (2007)
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Lead by TNO Team: H. Denier van der Goneet al.
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compared to all megacities)
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Comparison for SO2
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« Nesting local inventories for 4 megacities in focu@p to 1x1 km resolution)

e Comparison of city, national and European emissions

 Integration of nested emissions into multi-scale nuelling chain

* European and megacity baseline scenarios for 2022030 and 2050 (USTUTT)
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2) Study with anthropogenic aerosol
emissions
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Monthly averaged changes in surface temperature due
to aerosol indirect effects of primary sulfate aerosol

emissions in Western Europe

Ulrik Smith Korsholm, Claus Petersen, Bent Hansen Sass,
Alexander Mahura, Alexander Baklanov

Comparing simulations with and without aerosol indirect effects

for June 2009
Cloud droplet effective radius modified by activated anthropogenic

Aerosols first indirect aerosol effect

STRACO modified to include convection of passive aerosols
auto-conversion based on the Rasch-Kristjansson scheme
Dependent on number concentration of activated aerosols

Research
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Change in net SW radiation at
the surface (W m=2) on 8 June

Change in T, (° C) over
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3) Forecast example with chemistry
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4) Example from MACC —project:

LAM forecast model chain ending with
prediction on street scale level :
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Observations vs. Modeling Results
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