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Seamless Modelling for Environmental Studies:
Enviro-HIRLAM Recent Research and Development

Alexander Mahura!, Roman Nuterman?, Alexander Baklanov3, Georgii Nerobelov?,
Mykhailo Savenets®, Larysa Pysarenko®, Margarita Sedeeva®, Pavel Amosov®, Aleksandr
Losev®, Victoria Maksimova®, Fidel Pankratov®, Svitlana Krakowska®, Sergey Smyshlayaev’,
Tuukka Petajal, and Markku Kulmala?

1 - UHEL — University of Helsinki, Finland
2 - UCPH — University of Copenhagen, Denmark
3 - WMO - World Meteorological Organization, Switzerland
4 - SPBU — St. Petersburg State University, Russia
5 - UHMI — Ukrainian Hydrometeorological Institute, Ukraine
6 - KSC — Kola Science Center, Russia
7 - RSHU — Russian State Hydrometeorological University, Russia

&

In linkage with multiple research projects and collaboration with many colleagues



HIRLAM/ALADIN Consortium Institutions
linking with ECMWF

Qvtio,
o 7 VT
mHy El
Hing -
=B am:
| =

r,‘f:% ,v

&
g ¥

International Collaboration with i b
Universities and Research Institutions

ND DEy

RCH A ELo S
ot M,

N2

5
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 é
(YSSS) on seamless integrated
: ; N
modelling for various ~N
applications d’

Research training weeks
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G Pan-Eurasian Experiment
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Enviro-HIRLAM/
HARMONIE
(EnviroHH)
(Collaboration, Research and
Development, Science
Education, Dissemination, New
Products and Applications)

G Pan-Eurasian Experiment
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In-situ observations

INAR’

Research
Agenda

Research Satellite monitoring

Infrastructure

FOCUS
AREAS

Impact
on Society

Data systems

Knowledge

Transfer Modelling platform

Enviro-HIRLAM linkage to the PEEX-
Modelling Platform



PEEX-MP Models as Research Tools
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https://www.atm.helsinki.fi/peex/index.php/infra

#ien'  Enviro-HIRLAM (Environment — INAR
Hlgh Resolution Limited Area Model)

(Zaveriand Peters, 1999);
(Shalabyetal., 2012);
(Sillman, 1991)

Data Assimilation
surface, upper-air observations
4 N

Pre-processor: .
Dynamics core

Boundaries

Pre-processor:
Emissions

CBMYZ - Carbon Bond v.Z
Gas-Phase Chemistry

meteo, chemistry, nesting TNO, ECLISPSE, IS4FIRES, ...

a N

Enviro-components
integrated into HIRLAM NWP

Physics core

o Aorosol J

Dry and .
wet Env"‘o- Emissions

deposition

Gas-phase

N

» Seamless / online coupled integrated
meteorology-chemistry-aerosols
downscaling modelling system for
predicting weather and atmospheric
composition

(Baklanov et al., 2017; GMD) - last
overview of the modelling system
Mahura et al. (2022+) — in preparation

\
Deposition &"0 =  Emissions

Dry & wet deposition Anthroopogemg
(Zhanget al., 2003) TNO: res. 0.12°x 0.06

(Stier et al., 2005) i tiees ., 2010)

Biogenic

VOCs

Aerosols (Sanderson, 2009)

(Vignati et al., 2004) Forest fire

M7-HAM GFED v.3

(Giglio et al., 2010)

IS4FIRES

(http:/fisdfires.fmi fi)

Enviro-HIRLAM research and development team

Baklanov et al., 2002-...; Mahura et al., 2004-...;
Nuterman et al., 2007-...; Nerobelov et al., 2016-...

& many other colleagues contribution through
collaboration (Denmark, Russia, Ukraine, Kazakhstan,
Baltic States, Spain, Turkey, etc.)
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¥ Enviro-HIRLAM Downscaling for ‘3}""
Regional-Subregional-Urban/City/Local scales

ENSEMBLE
of models

ICs

BCs

Individual model

iro-HIRLAM

SUB-REGIONAL SCALE

ENSEMBLE
of models

Individual model

Enviro-HIRLAM

Metropolitan Area

off-line
ACT model

Enviro - HIRLAM
on-line

Metropolitan Area

ASSESSMENT

...- 2017 - 2018 — 2019 — 2020 — 2021 -...

DMI, DK: CRAY-XT5 (hirdev) -> CRAY-XC30/XC40 (hirdev/disperse)

ECMWEF, UK/INT: CRAY-XC30/40 -> (ecgate + cca)

UHEL, FI: CRAY-XC30/40 (taito/sisu) -> Atos BullSequana X400/XH2000 (puhti/mabhti)
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oo EU MarcoPolo/ Operational INAR

Enviro-HIRLAM model downscaling domains Urban areas in domains
(15 -5- 2.5 km resolutions) FT AT
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; ' - Sg_arj' ;-.- itan area (MA) The Silk Road agenda of the Pan-Eurasian

Experiment (PEEX) Program

by Lappalainen, Kulmala, Kujansuu, Petdja,
Mahura, de Leeuw, Zilitinkevich, Juustila,
Kerminen, Bornstein, Zhang, Yong, Yubao,
Dong, Jie, Guo

MS: BED (2018)
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Enviro-HILRAM operational PM2.5 concentration forecasts for China in a downscaling chain
(left-right: regional, sub-regional, urban - Shanghai metropolitan area) for 21 Jan 2018, 22 UTC
http://www.marcopolo-panda.eu/products/regional-air-quality-forecasts/enviro-hirlam



http://www.marcopolo-panda.eu/products/regional-air-quality-forecasts/enviro-hirlam

vk Nordic TRAKT

& Enviro

«* TRAnNsferable Knowledge & Technologies for high-resolution environmental impact
assessment & management (https://www.atm.helsinki.fi/peex/index.php/trakt-2018

B 0 High resolution modelling (at 2 km) )
ARSI\ for meteorology and atmospheric composition

Meteorology:
Relative Humidity (RH2m) Wind Speed at 10m (U10m) Air temperature at 2m (T2m)
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Seamless / -
online :
integrated -

aerosols -
modelling 4 "

) Ki Atmospheric Composition:

Ozone (05) Black Carbon (BC) Organic Carbon (OC)

Enhanced integrated approach to knowledgeable high-resolution environmental quality assessment

by Esau, Bobylev, Donchenko, Gnatiuk, Lappalainen, Konstantinov, Kulmala, Mahura, Makkonen, Manvelovac, Miles,
Pet&ja, Poutanen, Fedorov, Varentsov, Wolf, Zilitinkevich, Baklanovh

MS: ENVSCI 2877 (2021)

at multi-
scales


https://www.atm.helsinki.fi/peex/index.php/trakt-2018

@~ Numerical experiments on sensitivity of local
i meteorology vs. land-cover changes in Arctic

a

To study atmosphere-land-sea surfaces interactions, and in particular, heat-moisture @m‘”
exchange/ regime between these surfaces and for better understanding and forecasting of
local meteorology in the Arctic (AoF ClimEco project)
Mahura, Nuterman, Baklanov, Zilitinkevich, Kulmala MS: in preparation for ACPD, 2021+

Focus on Jul & Jan 2019 | ICs/BCs ERA-5 meteo &
CAMS gases+aerosols, DA obs, SST | Emis.Inv —
biogenic, anthropogenic | Runs - Reference/CTRL
Direct/ DAE+Indirect/IDAE Aerosols Effects |
CE Yl ®T Donwscaling S5km -> 2 km horiz.resol | Land cover

| Vegetation changes — areas of pipelines & burned low vegetation
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“Artificial Dust” Pollution AR

Focus on elevated dust pollution episodes (5, 7, 8, 11, 24 and 31 July 2017)
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http://www.hibiny.ru/actualno/hvosty/h2.jpg

m through HPC-Europa3

Integrated Modelling and Analysis of Influence of Land Cover Changes
on Regional Weather Conditions/ Patterns
With Larysa Pysarenko,

Ukrainian Hydrometeorological Institute, Kyiv, Ukraine
(*) started in Dec 2020 /remote access to CSC HPC Puhti Fores

Real

The study aims to investigate influence of land cover changes

(current vs. scenarios, including hypothetical ones) and its consequences
on meteorology for cases of extreme (with heatwave, heavy rains Lo ol S
and snowfall) meteorological situations and air quality/ atmospheric :
composition. The main focus is analysis of regional scale weather,
+ influence on metropolitan areas. e St Ar o

Figure: Courtesy L. Pysarenko

Integrated Modelling for Assessment of Potential Pollution
Regional Atmospheric Transport

as Result of Accidental Wildfires

With Mykhailo Savenets,

Ukrainian Hydrometeorological Institute, Kyiv, Ukraine
(*) started in Aug 2021 /remote access to CSC HPC Puhti

The study aims to analyze the regional influence of wildfire emissions occurred in the
exclusion zone (abandon area) of the Chernobyl nuclear power plant (Ukraine) and to
identify the affected territories in case of active fires near and within radioactive polluted
spots and in a close proximity to the plant.

Figure: Courtesy M. Savenets
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Online Young Scientist School
MEGAPOLIS-2021
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» Group Work on Small-Scale
Research Projects (SSRP)
with Enviro-HIRLAM

Enviro-HIRLAM —

m; Science Education Component

short-term visits of young researchers,
organization and carrying out research training
weeks/ schools

The latest face-to-face trainings took place in
Apr and Jun 2019 (Helsinki and Tyumen), and
online in Nov-Dec 2021
(https://megapolis2021.ru)

. Tyumen, Russia

WHCTI
Institute ¢

........

| THE INFLUENCE OF SHANGHAI
METROPOLITAN AREAS ON METEOROLOGY
IN MARCH 2018

‘ < INAE T (-~

-e of Metropolitan Areas on
‘Chemistry. Paris, France
wa Anna


https://megapolis2021.ru/

G Concluding Remarks

» Enviro-HIRLAM model is seamless/ online integrated
multi-scales and —processes modelling system capable to
simulate simultaneously meteorology — atmospheric
composition modelling on regional- subregional- urban

scales

» Enviro-HIRLAM model research and development was
demonstrated on several examples

» Enviro-HIRLAM science education component is
realized as short/long-term visits/ research training
weeks/ young scientist schools with group work on
small-scale research projects
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https://www.helsinki.fi/en/inar-institute-for-atmospheric-and-earth-system-research

Thank you! Cnacuoo!

https://www.atm.helsinki.fi/peex
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Research & Development through Collaboratlon with Partners
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* (2017-...) Enviro-HIRLAM on CSC - “Enviro-HIRLAM seamless modelling of meteorology- wf;no
chemistry-aerosols interactions and feedbacks on multi-scales” i

¢ (2018-2020) 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” https://www.atm.helsinki.fi/peex/index.php/enviro-peex-2018-2020

* (2021-2023) Enviro-PEEX(Plus) on ECMWEF (Plus) - “Research and development for integrated
meteorology — atmospheric composition multi-scales and — processes modelling for the PEEX domain
for weather, air quality and climate applications” https://www.atm.helsinki.fi/peex/index.php/enviro-peex_plus

* (2020-2022) PEEX-MP-Europa3 — “PEEX Modelling Platform research and development through

HPC-Europa3 Transnational Access Programme” (individual grants)
‘ https://www.atm.helsinki.fi/peex/index.php/peex-mp-europa3
5'ﬂgm Project: High-Resolution Integrated Urban Environmental Modeling
"‘"ﬂi’“ Project: Online Integrated Atmospheric Modelling: the Python Way
v Project: Integrated Modelling for Assessment of Potential Pollution Regional Atmospheric Transport as Result of
"'Hi'" Accidental Wildfires
'ﬂgm v Project: Integrated Modelling and Analysis of Influence of Land Cover Changes on Regional Weather Conditions/

Patterns



https://www.atm.helsinki.fi/peex/index.php/enviro-peex-2018-2020
https://www.atm.helsinki.fi/peex/index.php/enviro-peex_plus
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A MAHURA’, R NITERMAK', G. NEROBRLOV,

“PEEX-MP research and development for online coupled
: integrated meteorology-chemistry-aerosols feedbacks &
interactions in weather, climate & atmospheric
composition multi-scale modelling”

(2018-2020)

Online integrated modeling on regional scale in North-West Russia: e
Evaluation of aerosols influence on meteorological parameters. =
by Nerobelov, Sedeeva, Mahura, Nuterman, Mostamandi, Smyshlyaev

MS: GES, 11(2), 2018

Estimation of elevated black carbon episodes over Ukraine using 'H;m
Enviro-HIRLAM N
by Savenets, Pysarenko, Krakovska, Mahura, Petaja

MS: finalization for ACP (2021+)

Enviro-HIRLAM modeling and GIS evaluation of pollution R
in Northern Fennoscandia and North-West Russia
by Sedeeva, Mahura, Nuterman, Smyshlyaev, Petaja, Zilitinkevich, Kulmala

MS: in preparation (2021+)

Mesoscale resolution radar data assimilation experiments with the
HARMONIE model
by Ivanov et al.
MS: RSJ, 10(9), 2018 .
Generated by Enviro-HIRLAM model output

can be used for various assessment studies




