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Outline

* GEM-AQ
— AQ assessment
— AQ forecast
— CAMS_50
— Vertical structure (ozone + NO, column)
— Aerosols — composition, optical properties, direct effect

e GEM-AC
— Climate

— Stratosphere
— Interactive O; and H,O



GEM-AQ - ASSESSMENT

Strategies of emission reduction for Katowice and
Silesia regions (2002)

AQIP for Dolnoslaskie Voivodship (2007)
Meteorological data for AQIP for Silesia Voivodship
Pilot ozone assessment for 2006 (2009)

Support of ozone assessment 2010-2011 (modelling for
2008-2011)

Support of ozone assessment 2012-2013
Ukraine — transboundary impact in 2012

Pilot primary pollutants assessment (country scale) for
2012 (2014)



AQIP — Dolnoslaskie (2007)
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Ozone assessment 2012-2013
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Exposure to high O3 concentrations

(2012-2013)

Number of
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Srednie roczne stezenie
pytu PM10 w pg/m3

modelowane
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Rysunek 1 Rozklad stezen sredniorocznych pytu zawieszonego PM10 na obszarze kraju — wynik

modelowania GEM-AQ dla roku 2012.



GEM-AQ trajectories — PM episodes
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PM10 srednia dobowa

GEM-AQ v332-¢

° Dobowe stezenie pylu PM10

15 Styczen 2013
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NOAA HYSPLIT MODEL
Backward trajectories ending at 2300 UTC 15 Jan 13
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GEM-AQ - AQ Forecast

COST ES0602

EcoForecast Foundation — AQ forecast for
Europe and Poland (ecoforecast.eu)

Ozone forecast 2013-2015 + 2016-2018
(country scale)

AQ 5km forecast for Malopolskie (2010-2015)
and Podkarpackie voivodships (2011-2014)

PM,, — 1km for Krakow, Lodz, Sieradz
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CITEAIR - Indeks jakosci powietrza
Prognoza sredniej wartosci w ciagu doby
tg/m?
Prognoza na dzien 14 kwietnia 2015
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Monthly average O3 [ugim3]

Monthly avsrags O3 [ug/m3]
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Observed and forecasted ozone variability
(selected stations, monthly average 2008-2016)
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8h srednie [ug/m3]
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served and forecasted ozone variability
all stations, 8h-aver, Apr-Sept 2013-2016)

SREDNIE O3 ALL STATIONS

SREDNIE O3 ALL STATIONS
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Aerosol chemical composition

PM2.5
2013 (based on
report)
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GEM-AQ - CAMS_50

* Part of Copernicus Service (ECMWF)

d CAMS Target grid
— Global variable grid with 0.20 x 0.20 deg over Europe
— 28 vertical levels up to 10 mb, 10 layers below 2km
— Timestep 600 s

* In 2015-2018 three hindcast experiments forced
with CAMS_ 50 data

* Data Assimilation system: Ol method with error
statistics based on the Hollingsworth-Lonnberg

(1986)

* Birch and olive pollen module: source functions
based on Sofiev et al. (2012, 2017)
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Data Assimilation

* Optimal interpolation
— CAMSS50 - reanalysis
— AQ forecast for Malopolska — Chem-IC
— Ozone forecast (country scale) — Chem-IC



Impact of Chem-OA on forecast
accuracy in Malopolska

19.09.2017-21.11.2017

forec

Kra.ZloR Mowy_Sac Olkusz Skawina Tarn.Bit Tarm.RoS Trzebini Zakopana KrakTeli

BIAS raw-Forecast =-8.52 ug/m3
BIAS oi-Forecast =-4.96 pg/m3




CAMS50 — O, reanalysis

GEM-AQ performance — O3 reanalysis
June-July-August 2015

Mean bias error averaged over Spatial correlation coefficient
stations and over JJA 2015 averaged over JJA 2015
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GEM-AQ - Ozone profiles

STN221 (52.4, 20.97) - 2006-07-05

STN221 (52.4, 20.97) - 2006-07-12
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easonal ozone profiles
QMEIl modelling study)

Spring mean ozone profile
Summer mean ozone profile
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height [km]

Observed ozone partial pressure from January 2008 to December 2010 at Legionowo
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GEM-AQ — NO2 column (SCIA/OMI)

SCIAMACHY GEM-AQ
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Emission correction based on satellite observations — July 2011
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GEM-AC vs satellite observations
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1 May 2012

2 May 2012

AOD 550nm - GEM-AQ
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1-hraverage: AQD 500 nmvalue
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AOD - obs. vs. GEM-AQ

Comparison: Measurements - GEM AQ

For selected period: 30.04 - 04.05, 2012

* Measurements: Belsk-Aeronet

B [leasurements: Warszawa-1GF LW

Measurements: Strzyzdw-SolarAOT

Model GEM-ACE Belsk-Asronet

Model GEM-AQ: StrzyFow-Solars0T
Model GEM-AC: Warszawa-1GF LW
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GEM-AQ -AOD

Radiation flux
[W/m2]

forecast valid on 12h UTC Nov 12 2016

GEM-AQ v332-¢

AOD @550
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forecast valid on 12h UTC Nov 12 2016
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ACD@500
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AOD for March-September 2016
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Air Quality in Future Climate

Global variable approach with
rotated equator focused over the

Central Europe

Resolution ~30 km in the core
70 vertical layers up to 0.1 hPa
Timestep - 30 min

Emissions from the Atmospheric
Chemistry and Climate Model
Intercomparison Project for
2000 with the resolution - 0.5

x 0.5 global

Model setup
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Interactive vs non-interactive O, and H,O

Absolute and relative
difference of solar
flux at the surface




Temperature [°C]
(seasonal aver — 2050-2000 difference)
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Precipitation [mm]
| (seas_l sum — 2050-2000 diff_nce)

DJF
JJA
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RH [%%]

sea level pressure [hPa]

wind [m/s]

Warszawa

based on GEM-LAM forecast started at: 2018-05-29 18UTGC
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