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https://www.atm.helsinki.fi/peex/ind

ex.php/modelling-platform

MP) Overview

PEEX-Modelling-Platform (PEEX-

Modelling Tools & Demonstration
PEEX-MP Meetings & Sessions

(long-term)
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[ PEE);-View ][

1
Virtual Research
Platform

][ Web-based Atlases ][ Other Tools ]

Jfor research community, decision-makers, stakeholders, end-users

PEEX MP Models as Research Tools

PEDOSPHERE

SILAM
FLEXPART
DERMA
SOSAA

CH4AMOD

AVIM2
EC-Earth

CTDAS
SIM-BIM

MPI-ESM

SUEWS
ATMES
MMAD&IT
IMDAF
EurCTM
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INAR’

PEEX-MP Models

HadGEM2-ES
Enviro-HIRLAM

HYCOM-CICE

GLOBO/BOLAM/MOLOCH

UCLALES-SALSA

TOMCAT-GLOMAP
CAM-Chem

DNDC-HONO
GEOS-Chem
CNMM-DNDC




HIRLAM/ALADIN Consortium Institutions
iro linking with ECMWF

International Collaboration with
Universities and Research Institutions

HIRLAM / HARMONIE
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Strategy for on-line integrated modelling W)‘
Coupling of chemical and aerosol schemes
Convection and cloud microphysics
Dynamical core
Land-surface scheme and urbanization
Aerosol chemistry and microphysics
Radiation schemes, direct effects of gases and aerosols
Aerosol cloud indirect effects
Boundary layer and turbulence closure schemes
Data assimilation of chemical species
Validation (case studies and long-term evaluation)

HIRLAM Chemistry Branch

https://hirlam.org/trac/wiki/HirlamChemicalBranch/Introduction
Peer-reviewed publications
Presentations on conferences,
seminars, workshops etc.

Advising and consulting young researches
Networking NordForsk, TEMPUS,
EU & national projects
Young Scientist Summer Schools <>
(YSSS) on seamless integrated
: : N~
modelling for various N
applications T
Research training weeks Q
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Enviro-HIRLAM/
HARMONIE

(EnviroHH)
(Collaboration, Research and
Development, Science
Education, Dissemination, New
Products and Applications)

G Pan-Eurasian Experiment
-

In-situ observations

Research
Agenda

Impact
on Society

FOCUS
AREAS

Research
Infrastructure

Satellite monitoring

Data systems

Knowledge
Transfer

Modelling platform

Enviro-HIRLAM linkage to the PEEX-
Modelling Platform



e Enviro-HIRLAM (Environment — INAR
Hlgh Resolution Limited Area Model)

Data Assimilation
surface, upper-air observations
@ N

Pre-processor: Pre-processor:

Boundaries Dynamlcs core Emissions
meteo, chemistry, nesting TNO, ECLISPSE, IS4FIRES, ...
4
4 Enviro-components h .
integrated into HIRLAM NWP » Seamless / online
Physics core coupled integrated

meteorology-chemistry-
D aerosols downscaling
_— __ A modelling system for
sort. | EnViro- [ggemissions predicting weather and
atmospheric composition

Gas-phase

chemistry
\ j (Baklanov et al., 2017) most recent
overview of the modelling system
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(Zaveriand Peters, 1999);
(Shalaby et al., 2012);
(Sillman, 1991)

CBMZ - Carbon Bond v.Z

Gas-Phase Chemistry

Deposition

Dry & wet depositio
(Zhang et al., 2003)

Components of U INAR

Enviro-HIRLAM

Enviro-HIRLAM research and
development team

Baklanov et al., 2002-...;
Korsholm et al., 2006-2010;
Mahura et al., 2004-...;

Emissions Nuterman et al., 2007-...;

Anthropogenic
res. 0.12°x 0.06°
enenetal. 2010)

& many other colleagues
through collaboration

(Stier et al., 2005) Biogenic (Denmark, Russia, Ukraine,
VOCs Kazakhstan, Baltic States,
Aerosols (Sanderson, 2009) Spain, Turkey, etc.)
(Vignati et al., 2004) Forest fire Note: emission datasets used
M7-HAM GFED v.3 depend on research projects:
(Giglio et al., 2010) MEGAPOLI, TRANSPHORM,
ISAFIRES PEGASOS, MarcoPolo,
(http:/lisdfires.fmi.fi) EnsCLIM, CarboNord, etc.

Components of the Enviro-HIRLAM modelling system
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m Enviro-HIRLAM Downscaling for S INAR
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Regional-Subregional-Urban/City/Local scales

SUB-REGIONAL SCALE

ENSEMBLE
of models

ICs

BCs

Individual model

Enviro-HIRLAM

ENSEMBLE
of models

Individual model

Enviro-HIRLAM

Metropolitan Area

off-line
ACT model

Enviro - HIRLAM
on-line

Metropolitan Area

ASSESSMENT

Generated modelling output (meteorological & atmospheric composition) can be used for various
assessments and studies including socio-economical studies



Available Modelled Meteorology INAR
: for SES studies
Basic ones:

Atmospheric pressure, air and soil and water temperatures, max & min
temperatures and their anomalies, wind characteristics, specific/ relative
humidity, visibility, precipitation, cloudiness, etc.

Additional ones:

Radiation (short-, long-wave, net), fluxes (latent, sensible, storage, etc.),
snow (melt, depth, type), precipitation types, boundary layer height, cloud
(total, low/medium/high, water, etc.

Extras/ specific ones:
Ice drift (direction, speed), thermocline (depth, anomaly), current (direction,
speed), evaporation, thunderstorm probability, etc.

More elaborated list (i.e. modelled parameters) is at:
(up to 200+ meteorological variables and derived ones)

http://apps.ecmwf.int/codes/grib/param-db
& HIRLAM/HARMONIE website http://hirlam.org




Available Modelled Atmospheric Composition
for SES studies

Basic ones: INAR
Ozone, nitrogen dioxide and oxide, carbon monoxide, ammonia, sulfur
dioxide, etc. + particular matter (PM2.5, PM10), sulphates, black and organic
carbon, dimethyl sulphide, sea salt, dust, etc.

Additional chemical species:
Hydrogen peroxide, formaldehyde, ethane, toluene, isoprene, acetone,
methanol, acetaldehyde, acids (nitric, sulfuric, ...), etc.

Extras/ specific ones:

Deposition (wet, dry, total), concentration, time integrated air concentration,
max/ min/ averaged/ summary concentrations and depositions over space and
time intervals, etc.

Number & mass concentration (for coarse, Aitken and accumulation modes/
soluble-insoluble), etc.

More elaborated list (i.e. modelled parameters) is at:
& Enviro-HIRLAM Chem Branch website http://hirlam.org
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Downscaling for Paris Metropolitan Area

( chemistry) W

W e W b B b

Enviro-HIRLAM downscaling (from left to right: CTRL 15—5—2.5 km & 2.5+URB) meteorological
(top—air temperature, middle—humidity) and chemical (bottom—ozone) fields on 4 Jul 2009,
00+24 UTC.
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Diurnal cycle variability of the difference fields (Enviro-HIRLAM-P01: urban vs. control runs) for
air temperature at 2m with changing anthropogenic heat fluxes (100, 150, 200, and 250 W/m2) on 4
Jul 2009 at 06 and 24 UTCs



Paris Metropolitan Area:
Temporal Variability of Meteo. Parameters #i:

Variability of (from left-to-right) boundary layer height, total cloud cover, surface temperature,
wind speed on 4 Jul 2009 at (top) 09 UTC and (bottom) 21 UTC based on Enviro-HIRLAM model
run at 2.5 km resolution with URB=BEP+AHF included.
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Enviro-HIRLAM Downscaling:
PM10 (ug/m3)

Aerosols
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Seamless/ On-line Integrated Modelling

TRAKT - TRAnsferable Knowledge & Technologies for high-resolution environmental
impact assessment & management (www.atm.helsinki.fi/peex/index.php/trakt-2018)

High resolution modelling (at 2 km)
for meteorology and atmospheric composition

scale

Seamless / _/
online ]
integrated -

o Meteorology:
"+ Relative Humidity (RH2m) Wind Speed at 10m (U10m) Air temperature at 2m (T2m)

-chemistry- ¢
aerosols :
modelling

at multi-

scales
Atmospheric Composition:
Ozone (O3) Black Carbon (BC) Organic Carbon (OC)
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Web-Atlas for Transboundary Pollution INAR’
& Loadings for Population

http://www.atm.helsinki.fi/peex/webatlas/WEBATLAS.htm|

MSN: Monchegorsk
ATLAS of the month-to-month variability for:

TIAC - time integrated air concentration, DD - dry deposition, WD - wet deposition patterns
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(A) Month-to-month variability of average (AVG) and summary (SUM) time integrated air
concentration (TIAC), dry (DD) and wet (WD) deposition patterns of sulphates from smelters of
the Mochegorsk Enterprize (Kola Peninsula, Mirmansk region, Russia);

&

(B) Individual yearly loadings for population (in kg/person) from deposited sulfates resulted from
the Severonickel smelters continuous emissions (mild scenario, appx 32 thou. tonnes of SO,).



@ Web-based Atlas INAR'

http://www.atm.helsinki.fi/peex/webatlas/WEBATLAS. html

MSN: Monchegorsk

ATLAS of the month-to-month variability for:

MSN: Monchegorsk MSN: Monchegorsk

ATLAS of the month-to-month variability for: ATLAS of the month-to-month variability for:

TIAC - time integrated air concentration, DD - dry deposition, WD - wet deposition patterns egrated air concentration, DD - dry deposition, WD - wet deposition patterns  tegrated air concentration, DD - dry deposition, WD - wet deposition patterns

AVGTIAC  AVG DD AVG WD SUMTIAC SUMDD  SUM WD AVG TIAC  AVG DD AVGWD SUMTIAC SUMDD  SUM WD AVG TIAC  AVG DD AVG WD SUMTIAC SUM DD SUM WD

SuM WD S04

SUM DD S04 ¥
MSN ¢ Sevéranikel (M) i APR

MSN ¢ Severanikel (M)

SUM TIAC SO_4 v 4 1
MSN : Severonikel (M) H 2 = FANEL

Example of a month-to-month variability of summary (SUM) time integrated air concentration
(TTAC), dry (DD) and wet (WD) deposition patterns of sulphates from smelters
of the Mochegorsk Enterprize (Kola Peninsula, Mirmansk region, Russia)



@ Web-based Atlas - INAR'

http://www.atm.helsinki.fi/peex/webatlas/WEBATLAS. html

NNN: Norilsk NNN: Norilsk NNN: Norilsk
ATLAS of the month-to-month variability for: ATLAS of the month-to-month variability for: ATLAS of the month-to-month variability for:
TIAC - time integrated air concentration, DD - dry deposition, WD - wet deposition patterns :grated air concentration, DD - dry deposition, WD - wet depesition patterns  :grated air concentration, DD - dry deposition, WD - wet deposition patterns
AVGTIAC  AVGDD AVGWD SUMTIAC SUMDD  SUM WD AVGTIAC AVGDD AVGWD SUMTIAC SUMDD  SUM WD AVGTIAC AVGDD AVG WD SUMTIAC SUMDD  SUM WD
< =
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SUM TIAC SO_4 LA ‘ v Ty . ¢ SUM 0 S04 i (i
NN} Nevitaidy Niken {N)  APR el = S NN - Noriisidy Nikel (N) - APR Wik g NN ;. Noritsidy Nikel (N) - APR SR

Example of a month-to-month variability of summary (SUM) time integrated air concentration
(TTAC), dry (DD) and wet (WD) deposition patterns of sulphates from smelters of the Norilsk
Nickel Enterprize (Krasnoyask Krai, Russia)
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Derived Indices INAR'
for SES studies

Meteorology/ Climate / Pollution related:
wind chill index, heat wave, comfort temperature, exceedances of
concentration thresholds, short-/long-term exposure, etc.

Which existing/ newly indicies might be applicable for SES studies
& in particular, when we are focusing on cities/ urban areas:
for example: city of Apatity, Murmansk region, Russia

* urban air pollution index (all year around)

* urban inversion index (especially for winter period)

* dust urban impact index (especially for summer period)
 avalanche probability index (winter period)

* extreme precipitation index (all year around)

 fires pollution index (summer-autumn)

* others

and how these can contribute to socio-economical studies/ analysis
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“PEEX-MP research and development for
online coupled integrated meteorology-
chemistry-aerosols feedbacks & interactions in
weather, climate & atmospheric composition
multi-scale modelling”

(2018-2020)

www.atm. helsinki.fi/peex/index.php/enviro

Transhoundary Pollution over Kola
o - e EN

+MSU, RSHU, ICMMG , NIERSC

Objectives:
» to analyze importance of meteorology-chemistry-
aerosols interactions & feedbacks;
» to provide a way for development of efficient
techniques for on-line coupling of NWP and
o ACT via process-oriented parameterizations and
B feedback algorithms.

Generated by models output
can be used for various assessment studies




Enyiro-PE

-

Enviro-PEEX on ECMWEF - “PEEX-MP research and development for online coupled

integrated meteorology-chemistry-aerosols feedbacks & interactions in weather, climate &
atmospheric composition multi-scale modelling” / completed by Dec 2020

(2018-2020)
www.atm.helsinki.fi/peex/index.php/enviro

Enviro-PEEX(Plus) on ECMWEF - “Research and development for integrated

meteorology — atmospheric composition multi-scales and — processes modelling for the
PEEX domain for weather, air quality and climate applications” / started in Jan 2021

(2021-2023)
www.atm.helsinki.fi/peex/index.php/projects/226-enviro-peex-plus-on-ecmwf

with RSHU, SRCES, SPBU, MSU, KSC, ICMMG, and others
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< Concluding Remarks INAR’

» Multi-scale modelling approach with Enviro-HIRLAM online integrated
meteorology — atmospheric composition modelling system — demonstrated on
examples with generated meteorology — atmospheric composition output and
pollution atlas which can be utilized for SES studies

» Results of modelling are applicable in principle for evaluation of risks,
vulnerability, and consequences due to atmospheric; impact assessments on
population and environment; supporting decision-makers, adjustment of
legislation at regional-city levels; planning measures, mitigation scenarios, etc.

» Further: continue development and improvement of online integrated
approach with (i) consideration of socio-economical aspects/ processes and
physio-geographical specifics of regions in focus, (ii) application of new IT
technologies and digitalization approach for developing web-based services for
public needs; and (iii) combination expertise and knowledge from collaborating
partners and stakeholders.
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https://www.helsinki.fi/en/inar-institute-for-atmospheric-and-earth-system-research

Thank you! Cmacuoo!

https://www.atm.helsinki.fi/peex




