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Motivation
Increasing aerosol complexity examples:

» Global impacts in Met Office NWP model
« Regional significant aerosol episodes: Biomass

burning in SAMBBA
Role of aerosol complexity

Summary
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Aerosol-cloud-radiation
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Aerosols and climate
Met Office
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Aerosols and air quality

Daily Air Quality index bands

Increasing importance of
air quality forecasting

0,000 deaths due

.

YT 20050628 227

n A 100 160 2000




Aerosol and weather

How are aerosols representationed in operational NWP

Met Office = models?
Cusack et al., 1998
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Fixed aerosol properties land/ocean

HadGEMZ —A—CLASSIC Aeroso!
N

optical depth at 0.44 pum: Jonuar

80
90t

Bellouin et al., 2011 ===

0.2 0.3 04

Tegen et al., 1997

* Monthly/seasonal
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Aerosols and weather

Met Office OLR biases over West Africa
Hadley Centre
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Aerosols and weather

Met Office Surface SW biases over West Africa (Milton et al. 2008)
Hadley Centre
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Aerosols and weather

Improving simulation of African Easterly Jet
Met Office
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Impact of increasing aerosol
complexity in MetUM

Met Office

Key motivations:

* Does inclusion of more complex on-line
iInteractive aerosol representations in weather
forecast models improve the predictive skill of
the model?

« What level of complexity is required?

* Does the benefit (if any) outweigh the
increased cost of implementing such
schemes”?

© Crown Copyright 2016, Met Office




Impact of increasing aerosol

Metorne  COMPleEXity
Experimental design Mulcahy et al. ACP, 2014

Tests (hierarchy approach):

Direct Effect Indirect effects

Cusack (1998) Land/sea split (as op) N/A

CLASSIC clims (op) Land/sea split (op) N/A

Prognostic CLASSIC Land/sea split (as op) Spun up/run free
Prognostic CLASSIC Prognostic CLASSIC  Spun up/run free
Prognostic CLASSIC Prognostic CLASSIC Initialised from MACC

» Experiments conducted in operational-like NWP model, 4D-
VAR for met (not aerosol)

* N320 (~40km) forecasts using 4D-Var DA

* Bulk mass aerosol scheme CLASSIC (Bellouin et al. 2011)

» Period simulated June-July 2009
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Impact of aerosol complexity
Aerosol simulations (dust regions)
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=2~ |mpact of aerosol complexity

Met Office Aerosol simulations (anthropogenic regions)
Hadley Centre
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Impact of aerosol complexity

Met Office Aerosol-radiation impacts on net clear-sky TOA radiation
Mulcahy et al., ACP, 2014

Impact of monthly varying Direct aerosol effect from Direct aerosol effect from DA
climatologies prognostic aerosols initialised prognostic aerosols
(b) Clear-Sky Net TOA Radiation (W m ) (AER_Dir-CNTRL)

(a) Clear-Sky Net TOA Radiation (W rn'z} (CLIM-CNTRL) (c) Clear-Sky Net TOA Radiation (W m'zl (INIT_Dir-CNTRL)
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Impacts of aerosol complexity

Met Office Aerosol-cloud interactions
Hadley Centre

Impact of prognostic aerosols on Surface SW (T+120)
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Impact of aerosol complexity

Met Office

Hadley Centre

Potential CDNC in direct
effect only expts
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CDNC assumes a land/sea
split distribution:

Nd = 300 cm (land)
Nd = 100 cm-3(ocean)

www.metoffice.gov.uk

Aerosol-cloud interaction assumptions

Potential CDNC from direct
& indirect effect only expts

5 85 60 100 150 200 250 300 350 400

CDNC diagnosed from Jones
et al. (2001):

N, =375x10°(L.0—exp(-2.5x10°CNN ))
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Impact of aerosol complexity

On model biases
Met Office

Hadley Centre

(a) SW down (W m?) at ARM site: ARM-NSA
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Improvements in radiation biases in North
Slope Alaska

Improvements in day 5 temperature forecasts
in high latitudes.

Control has largest errors near surface at high
latitude

Much warmer in test with prognstic aerosol as

Mean Error : PS24_JunJul09_Cntrl, T+120
Zonal mean of TEMPERATURE (K)
min: -2.46 max: 1.33
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fewer CCN means less bright cloud
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Impact of aerosol complexity

Reverse experiment: Including NWP climatologies in

Met Office CLASSIC climate simulation -

Hadley Centre

Impact on JJA surface SW
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Impact of aerosol complexity

Climate model w/ climatology for indirect effect

Met Office

Hadley Centre

Impact of adding climatological indirect aerosol effects on
20 year mean JJA T, 5, error:

a) 1.5m temperature for jja b) 1.5m temperature for jja
DKEUS: D. + adj I. Clim DKEUS: D. + adj I. Clim minus DKEUN: Dir. Clim.

0w
Area—weighted mean 288.97

190 205 F 235 250 265 280 295

c) 1.5m temperature for Jﬂ“ d) 1.5m temperature for jja
DKEUN: Dir. Clim. minus Legates and Willmott DKEUS: D. + adj I. Clim minus Legates and Willmott

20w
Area-weighled rms diff




Impact of aerosol complexity

An example of seamless model development

Met Office

Hadley Centre
Impact on operational implementation (alongside
other model changes)

(a) GA3, 11N5‘12 00Z analysis (b) GAB.1 N768 - GA311 5N51 2 00Z T+120 forecast diff
From 6/ 7/20(| 2 1go %’, 9/2012 From.BLZ/A2012 9 AL.9/2012

High latitude
improvements 7 : , :
from aerosol ;ﬁsg\L 19.40, Max = 40.99, Min = -5.90 Mean diff = O.B?‘;Vﬂax diff = 9.93, Min diff = -11.44, RMS diff = 0.65
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Impact of aerosol complexity

Lessons learnt
Met Office

Hadley Centre

Running experiments with additional complexity teach
you both about the potential benefits of complexity and
the short-comings of your less complex approach

Highlighting here the important role for inclusion of
aerosol-cloud interactions in NWP models (most
operational models still don’t do this)

Adopting a traceable approach (e.g. to reproduce the
mean behaviour of the fully complex scheme) may go a
long way to achieving the benefits of the full scheme




Aerosol impacts in ECMWEF IFS

Benefits of an improved climatology
Met Office

Jean-Jacques Morcrette

{MACC full prognostic aerosol
— REF Oper clim (Tegen et al.)}

10m wind
difference

{MACC clim — REF Oper clim}

Most global patterns captured including

(beneficial) deceleration of Somali jet
NARN

Significant differences in some aerosol
hot spots with high variability

www.metoffice.gov.uk © Crown Copyright 2016, Met Office




Aerosol impacts in HIRLAM

Evaluated the impact of different climatological aerosol
MetOffice | opresentations — direct effect only Toll et al.(2016)

MACC reanalysis with aerosol DA
Tegen et al. 1997 MACvV1 Kinne et al. 201 Inness et al. 2013

60°N

AOD from S0°N
climatology:

e AN ¢l St TR R, et 3

1 - : [ Th- - S i T y
10°W 0O° 20°E 3[]"E 10°wW 0° 10°E 20°E 30°E 10°W O0° 10°E Z0°E 30°E
BT T T T BT T T T O BT T T T
0.08 0.24 0.40 0.56 0.08 0.24 0.40 0.56 0.08 0.24 0.40 0.56

Table 1

RMSEs and biases for a range of meteorological parameters for CNTRLEXP, TEGEXP,
MACv1EXP and MACCEXP. RMSE and bias are calculated at 6-h intervals and averaged

General |mprOvement W|th |nCIUS|On Of aerOSOI |n b|aS ozertht:_full forec;stlenfothéall:: to +96 h). Clear sky conditions both in the model and
and rmse across a range of met parameters in '

. . . - Experiment name CNTRLEXP TEGEXP MACVIEXP MACCEXP
particular downwelling SW (GHI), specific humidity. VSLP bias (hPa) 0 o7 om o
MSLP RMSE (hPa) _ 1.63 1.53 1.56 1.50
Smaller benefits between choice of climatology but SmempeneRUSE () 292 2% 204 263
MACC (highest temporal resolution of aerosol Imopecc humidiy RASE(ge) 109 108 107 108
information) generally performs better Cio EEEZEE&ZET;SEJQ 0 2w 2e 26
12h prempltatlon bias (mm/12 h 0.25 0.21 0.19 0.19
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High impact regional aerosol
Met Office events

Hadley Centre _ . .
Eg: dust storms or biomass burning plumes from forest fires

Smoke event over Mid-west
USA, June 2015

Strong surface temperature
gradient between regions to

the west of main plume and o
under the plume. T TR
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Smoke aerosol induced
strong surface cooling
efficiency of -1.5deg/Tg,

18:00 £ temperature difference, obs-forecast (°C)

Operational models:
Models over-predict surface

-0.25 to -1.0 deg/ Tz5, temperatures under the plume
by up to 7deg
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SAMBBA biomass burning
aerosol

Met Office

Hadley Centre

» Extensive field campaign
conducted over Amazonia from
14t Sept — 37 Oct 2012.

» Aimed to characterize the impacts
of biomass burning aerosol on air
quality, NWP and climate.

* Ran a 12km Limited Area Model
with prognostic BBA from
CLASSIC to help with flight
planning

» After the campaign, investigated
the impact of the direct aerosol
effect




Comparison against MACC

Met Offire  The MACC aerosol forecasting system assimilates AOD using
MODIS total AOD at 550nm.

Met Office LAM Mode MACC (fnyp) Mode )
At 03Z on 10/09/2012, from 00Z on 10/09/2012 At 03:00Z on 10/08/2012
Biomass AOD T+03 Biomass AQOD T+03

20N

10N
10N

105 10S

205 20S
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Met Office SAM B BA

Hadley Centre
Prognostic vs. climatological BBA AOD

LAM uses daily
fire emissions
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Met Office SAM B BA

Hadley Centre . . _ _ . .
Simulation of vertical profiles of biomass burning aerosol

Aerosol extinction coefficient (Mm™')
T T T

All profiles
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Marenco et al., ACP, 2016
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SAMBBA

Prognostic vs. Climatology - Impact on radiation

Met Office PROG BBA — CLIM PROG BBA - CLIM
Hadley Centre Net surface radiation (W m2)
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SAMBBA

Prognostic vs. Climatology
Met Office

Hadley Centre

Impact on T, ¢, Impact on temperature cross

section over 10-13S

Different aerosol loadings affect both surface temperature and the
vertical temperature profile, via scattering and absorption.




SAMBBA

Met Office

Hadley Centre Implications for temperature biases
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SAMBBA summary

Met Office

Hadley Centre

Successful NRT forecasts of biomass burning
aerosol produced for the first time to support
flight planning

Demonstrated skill in aerosol simulations:
good evaluation of aerosol optical properties

Direct effect of BBA: significant impact on
radiation, some but small improvement in met
biases/fields

© Crown Copyright 2016, Met Office




How complex is complex? &

Met Office Further increasing aerosol complexity and UKESM
Hadley Centre complexity of cloud-radiation interactions

M GLOMAP-mode (Mann et al.
odal scheme
Each mode may 2011)

hiave multiple
components
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Ageing
NI I R R R R R R R R R R R A R R R E R T R R 1T 0
Condensation of H2504 W N
TTTTTETT Ty, {3ttt ittty 0
. J A 4
H2504(g) .’!“.E'??E'?Pv v A\ , v A\ Condensation
R PP P TP TP
; Fie i siieiaiieiels i el h aiebeleiieiele A ek sletieleletaiiie Y Y A 4 :
Dry "+ 1+ In-cloud
oxid. v + oxid. Nucleation Aitken Accumulation Coarse Aitken Secondary
HIH {Soluble) (Soluble) (Soluble) {Soluble) (Insoluble) organic
s02 mass ani d mass an d mass and mass and mass an d compounds
number number ||  numl ber || num ber number yy
+ Dry oxid

su oc SU BCOC SU BCOC S§ SU BCOC ss

[ TATATEET T

bVOCs

............

L} 1 lessspasssbaacas
Mode merging EEELEEEEERR, K Ntk

© Crown Copyright 2016, Met Office




Met Office

Hadley Centre

www.metoffice.gov.uk
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How complex is complex?
CLASSIC vs. GLOMAP-mode Annual mean AOD (550nm)

HadGEM3 GA7
GLOMAP-Mode
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How complex is complex?

GLOMAP-mode vs. CLASSIC climatologies

Met Office

Hadley Centre

Impact on net TOA radiation

a) Rad Net TOA net down for ann
U—-AB721: GA7.0AC

90w
Area—weighted mean

I 2 EEmE

180 120 60 0 60 120 180
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90N

4.-_f—"‘—\,.fl

s E—_.j_l SRR S
180 90w 0 90E
Area-weighted rms diff 7.66

CLASSIC CLIM - GLOMAP-mode
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Conclusions

Met Office Take away messages
Hadley Centre

It is clear online aerosol simulations are better able to capture the day-to-day and
seasonal variability of global aerosol distributions compared to climatologies used in
many operational NWP models.

Allows us to develop global environmental prediction systems — ICAP MME is a really
nice example of this.

Online interactive aerosols clearly improve the radiation budget of the model.
Impact on global forecast skill overall is small, although regionally larger.

Cost-benefit analysis: benefit of interactive online aerosols < benefit of increasing
resolution or ensemble member size (for instance)

Studies do highlight shortcomings in our “simplified” approach for aerosols in
operational NWP model which can be addressed (cheap).

Complexity : will the development of more complex aerosol microphysical models and
improved parameterizations of aerosol-cloud interactions (multi-moment cloud
microphysics) will allow us to re-address the benefit of interactive aerosols.

Ripe area of research with lots of potential — as all of todays talks will undoubtedly
show.

www.metoffice.gov.uk © Crown Copyright 2016, Met Office




Met Office

Hadley Centre

Thank you
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Impact of aerosol complexity

Met Office From aerosol-radiation interactions

Hadley Centre
Impact of monthly varying
climatologies
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