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European Center for Medium-range Weather Forecasting
(ECMWF, UK; https/Awww.ecmwdiint)

Small-Scale Research Projects

(SSRP)

» Based on Approaches for Multi-
Scale and — Processes
Modelling

> Research projects are designed
by teachers of SSRPs with
following selected models:
EC-Earth
Enviro-HIRLAM
ARCA-Box/ MALTE-Box

» More than 30 models are being
a part of the PEEX-Modelling-
Platform

https://www.atm.helsinki.fi/peex/index.php/p

TF Center for Scienge

From the poster at the INAR kick-off-meeting (Helsinki, Finland), Jan 2018

ortfolio-items/modelling-platform



https://www.atm.helsinki.fi/peex/index.php/portfolio-items/modelling-platform

HIRLAM/ALADIN Consortium Institutions
linking with ECMWF
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HIRLAM / HARMONIE

International Collaboration with
Universities and Research Institutions
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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 e
(YSSS) on seamless integrated

: ; N

modelling for various ~N

applications d’
Research training weekSOQ
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G Pan-Eurasian Experiment
-
b

Enviro-HIRLAM/
HARMONIE
(EnviroHH)
(Collaboration, Research and
Development, Science
Education, Dissemination, New
Products and Applications)

Research

Agenda In-situ observations

Research Satellite monitoring

Infrastructure

FOCUS
AREAS

Impact
on Society

Data systems

Knowledge
Transfer

Modelling platform

Enviro-HIRLAM is linked to the
PEEX-Modelling Platform
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@ Pan-Eurasian Experiment

[ Emission Pre-processor ]

[ TNO / GFED / IS4FIRES ]

Y

Enviro-HIRLAM

Enviro-HIRLAM
(Environment —
Hlgh Resolution

[Boundary Pre-processor]—»

Data Assimilation ]

Limited Area

Locally Mass Conserving

METEO: ECMWF - IFS/ERA
CHEM: IFS-MOZART semi-Lagrangian

Surface and Upper-air
[ Observation Database ] I\/I Od e I)

» Seamless / online

coupled integrated

\ meteorology-chemistry-

aerosols downscaling

modelling system for

\ predicting weather and

Enviro-HIRLAM nesting scheme (LMCSL) (first guess)
e ™ ' - 3 )
Radiation Scheme Interactive Isea salt/dust,
\ y \ natural NMVOC )
Y . ]
[ ) Gas-phase Chemistry
L ISBA Surface Scheme ) | Carbon Bond Mech. ver. Z
Y Y
e ~ e : ™
CBR Turbulence Scheme STlrfpoCshphe.rli
L * ) L ulfur *emls ry )
' p 4
STRACO Scheme ] M7 Aerosol Module
\ J \ J

Sedimentation
Dry-/ Wet-deposition

o=y

[Output (GRIB1 & NetCDF)J

atmospheric composition

(Baklanov et al., 2017; GMD) - last
overview of the modelling system
Mahura et al. (2021+) — in preparation



G Pan-Eurasian Experiment

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

CBMZ - Carbon Bond 0.Z

Gas-Phase Chemistry

Deposition Emissions

Anthropogenic
res. 0.12°x 0.06°
enen et al., 2010)
Biogenic
VOCs
(Sanderson, 2009)
Forest fire

GFED v.3

(Giglio et al., 2010)
IS4FIRES

(http:/lisdfires.fmi.fi)

Components of the Enviro-HIRLAM modelling system

Dry & wet depositio
(Zhang et al., 2003)
(Stier et al., 2005)

Aerosols

(Vignati et al., 2004)
M7-HAM

Components of Hifigm.
Enviro-HIRLAM
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Enviro

Enviro-HIRLAM research and

development team

Baklanov et al., 2002-...
Mahura et al., 2004-...
Nuterman et al., 2007-...
Nerobelov et al., 2016-...
Savenets et al., 2017-...

& many other colleagues
through collaboration
(Denmark, Russia, Ukraine,
Kazakhstan, Baltic States,
Spain, Turkey, etc.)

Note: emission datasets used

depend on research projects:

MEGAPOLI, TRANSPHORM,
PEGASOS, MarcoPolo,
EnsCLIM, CarboNord, RI-
URBANS, ...



@ " Downscaling for Enviro-HIRLAM
Regional-Subregional-Urban/City/Local scales

ENSEMBLE
of models

Individual model

iro-HIRLAM

ICs

BCs

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)

““““““

Enviro



GLOBAL: climate change
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Features of Urban Areas Hiflgm.

» Local-scale inhomogeneties, sharp changes of roughness and heat fluxes;
« Wind velocity reduce effect due to buildings;

 Redistribution of eddies due to buildings, from large to small;
 Trapping of radiation in street canyons;

» Effect of urban soil structure, diffusivities heat and water vapor,;

« Anthropogenic heat fluxes, urban heat island;

* Internal urban boundary layers, urban mixing height,

« Effects of pollutants (aerosols) emissions, transformation and transport on
urban meteorology and climate;

 Land use drastic changes due to urbanization;

» Urban effects on clouds, precipitation and thunderstorms.

These urban features influence formation of airflow, its turbulence regime,
microclimate, and accordingly modify transport, dispersion, and deposition
of atmospheric pollutants in urban areas.
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Hierarchy of Approaches Wlgm.

Mahura & Baklanov (2010)
Computatlonal time (1 urban grid ceII)

Resolutlons

25 50km
Urban I\/Iodules

<0.1km 0.1-1km  1:3km 3:5km  10-15km

MRF-Uirban

Mahura et al., (2009-2012)

[
»

- LES- | | Meso- | Climate- . Scales

Local Urban Regional Global

Street District City/ Megacity Megacity/ Large Metropolitan Area
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! Urbanization Modules Applied

Mahura et al. (2004-2017) in FUMAPEX, HIRLAM, COST728, MEGAPOLI, MACC, TRANSPHORM, MarcoPolo

NWP Model Urban Modules Initialization:
NWP Initialization .
(urban domain/ resolution / AHF+R+A: Urban - fraction, flux, roughness, albedo
land-gover) < > BEP: Urban - fraction, districts, characteristics

SM2-U: Urban — fraction, surfaces, classes, characteristics

|SBAT||eS ......................................................................................................... .
low veg., forest, :
ice, snow, water, Urban Modules:
bare soil/ urban

Land Surface Scheme

| 1SBA

IH Urban Frac >0

Interactions  pioe NieteoParams\
Soil-
Biosphere

Atmosphere

Re-calculated meteoparams

and tluxes
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m. AHF+R+A
Mahura et al. (2005-2007) in FUMAPEX, HIRLAM, COST728

NWP Model Initialization:

NWP Initialization AHE+R+A:

(urban domain/ resolution /

Iand-[:over)

Land Surface Scheme

ISBA

IF

A

Urtban Frac >0

\ 4

Urban fraction, anthropogenic heat flux, urban roughness
(1-2 m), albedo (winter — snow covered vs. other seasons)

Modify Roughne@

| nteragtions Pa
Soil-

SS

@Albedo (0.2-0.8)
VieteoParams

Biosphere
Atmosphere

e {lodify AHF (10-200 W/m?2):

L]

Difference plots: wind speed at 10 m, air temperature at 2 m, latent heat flux




Anthropogenic Heat Flux in Urban Areas (AHF)

1 EnvirTo
m: can be estimated based on assumption of dependency/ proportionality
“ to other urban characteristics
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» Population density maps with a high
resolution in urban areas;

 Satellite images of the night lightness
over urban areas (but difficulties to
use for industrial and developing
countries, should be corrected);

#&%81 - Land-use classification as a percentage
& of urban classes (central part, urban,
sub-urban, industrial, etc.);

« Emission inventory for specific
pollutants typical for urban areas
(e.g., due to traffic emission, etc.);

! « Monitoring or  simulation of
concentration fields for specific air
l pollutants typical for urban areas.

e ! (N .'“-_.

| o 1
| ﬁ 150 200
" \ 200

b - wwer

http://edgar.jrc.ec.ec.europa.eu http://spworldstudiescp.wordpress.com
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L Roughness in Urban Areas (R)

can be estimated based on assumption of dependency
to urban environment characteristics (buildi ucture, industry, etc.)
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gm. Urban/ City Scale Modelling (with BEP)

3

Mahura et al. (2005-2017) in HIRLAM, COST728, MEGAPOLLI, I; RANSPHORM, MarcoPolo

Schematic representation of urban features \
and numerical grid in the urban module =
H R
- i T

=+ -

General scheme of BEP module for the ! -
3 V D g\la"[l D

HIRLAM model urbanization with a structure * U 0
of the subroutine concept . it == S Dgherioon

HL1 emperature inside buildings/ 1 /Albedo/
NWP Model Urban Module (BEP) T Wao _
e i o !
Fraction of urban classes (CORINE land-use) _ 1%
NWP Initialization | BEP Initialization | Characteristics of urban districts i’e'ﬁ
Emissions (MEGAPOLI TNO)
at each time step
Model
..................................................................
N Run
'
'
: \ ;
L]
= :
. Land Surface Scheme - g ake R d . .
raction >
; ; Drag W adiation
pass meteo
. ISBA parameters TKE Source Terms s D * ff *
A H1TUS101n
: Interactions Hs lenas :
¥ Soil- Calculation i
e L]
Biosphere- Diffusion Viscosity '
Atmosphere Resolution :
:
v L]
' Ve [ (
: . (8) URBAN_MESO ! N
~—
........................................................................
e . # q
Ouput Output if necessary |
at cells Q.
= at roof, wall, ground surfaces: &5 l , all
Output over | &° temperatures, fluxes, winds... "
urban area i ‘ # _—
2 F

Street

(Martilli et al., 2002) Momentum Heat

Turbulence
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LLand Cover and Land Use m;

Land cover -

defined as observed physical cover, as seen from the ground or through
remote sensing, including natural or planted vegetation and human
constructions (buildings, roads, etc.) which cover the earth's surface.
Water, ice, bare rock or sand surfaces count as land cover.

Land Use —

defined as a series of activities undertaken to produce one or more goods
or services. A given land use may take place on one or several pieces of
land, and several land uses may occur on the same piece of land.
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land-Cover Data Wligm.

observed physical cover, as seen from the ground or through remote sensing (water,
ice, bare rock, sand, natural/planted vegetation and human constructions)

Need for meteorological modelling

i P - Simulate exchanges between __
e ; - surface and atmosphere

e @ (momentum, heat, water,
chemical species, etc.);

» Take into account the
climate variability from one
region to another,;

« Separate the surface
schemes from the
atmospheric model - allows to
use the same surface code for
several atmospheric models
o e (runs) - easy switch between , :

http://www.cnrm.meteo.fr/gmme/  syrface schemes and options; ° Source: http://www.eea.eu.int
PROJETS/ECOCLIMAP

ECOCLIMAP-I, 11 :

1 km resolution,

200+ & 500+ classes

o

« All surface fields necessary CORINE
to land surface schemes 250 & 100.m resolution

+ USGS, PELCOM, etc. datasets
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Urban Districts in Metropolitan Areas:  Hfen’
Classification & Characteristics

Residential (RD) City Center/High Buildings District (CC/HBD)

AT

GIS - Extraction of
districts related
characteristics

(statistics):

* Morphology parameters (avg. height, volume,
perimeter, compactness, space between buildings) %
« Cover modes (surface density (SD) of buildings,
of vegetation, hydrography, roads, N buildings) PRt : ‘ » .
« Aerodynamic parameters (roughness length, L ' :
. . Residential District Industrial Commercial
displacement height, frontal and lateral SD) District
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Urban Districts in Metropolitan Areas: g
Classification & Characteristics

COPENHAGEN AND MALMO

metropolitan area
| %
W%E
) E

i

Paris metropolitan area

Paris (France) Rotterdam (The Netherlands)

Metropolitan Areas
£ TRANSPHORM
H - § transport pollution health
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Copenhagen Metropolitan Area

Denmark



AHF+R: Copenhagen Urban Effects Modellin
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Difference between ru
PR . @ . = : z

ns: 01 Aug 2004, 06
w e

(control vs. urbanized run)
Difference field for wind at 10 m

(control vs. urbanized run)
Difference field for temperature at 2

Mahura et al. (2005-6)

URB (U01) vs HIRLAM CTRL
oIS A

HIRLAM CTRL vs URB (U01)




BEP: Copenhagen Urban Effects Modelling

g Enviro

Difference between runs: 01 Aug 2004, 06 UTC g
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Temp 2 m
° (deg C)
3.50
3.25
825
3.00
. 3.00
.75
" w2l (control vs. urbanized run)
2| Difference field for wind at 10 i
’ 2.28
0 ° 2.00
. "' 2.00 |, W"'(‘:n};’)m
_01 \a 1.75 " o 2.50
o.;ézn = 1.75 — ) . \\u\\ 5 . @ 2.25
o 1.50 | » N
. . . / : . | mm2-25
. A J . . O 2. 00
\ . 5 - s\ : \\o .
~ g 1.25 I b 12.00
o \/ B o 1.00 E‘g - ) ‘1._’5
¢ ° ’ ® : 1.00 \',
Loe ¢ . é‘H‘\ 075 |, e j n -
< o | B v .50
: /°-f~— [ °/,{ e
\ s . 0 o ',, .
| 4 L
g n . . B N —
variq Sum i:ﬁg 2004 00z +06h ~ Sun 01 Aug 2004 00z +06h URB (U01) vs HIRLAM CTRL 1.00
] T @ =
. . F’°'m\ a gy o ® ¥ \\ . \ 1.00
(control vs. urbanized run) B VAR \
- - . . . ;o™ BT “j. l; . 0.75
Difference field for temperaturejat2m. . . - - y .
. e g
° ° 8 2 0.50
0.00 ’ 0.25
% . e . ® . ° y P A @ 0 f
. " Sun 1 Aug 2004 002 +06h - Sun 01 Aug 2004 00z +06h HIRLAM CTRL vs BEP (101)
Mahura et al (2005-6) valid Sun 1 Aug 2004 062 oo
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Research: Downscaling for Paris L
Metropolitan Area (meteorology & chemistry)

Ravico-RIRLAN.

oy D - )
DO, g\ -
2 j P

%. s . 300 10 330 130 8. 430

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,
Mahura et al. (2009-12) 00+24 UTC.
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Paris Metropolitan Area: L
Temporal Variability of Meteo.Parameters

. W NN N W W N Wy
H

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.

Mahura et al. (2009-12)
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o  Seamless/ On-line Integrated Modelling

TRAKT - TRAnsferable Knowledge & Technologies for high-resolution environmental

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

B e
.'ﬁ g

Seamless /
online _
integrated -

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

JAEREmEie. = T = -

aerosols -
modelling 4

at multi-
scales

Atmospheric Composition:
Ozone (05) Black Carbon (BC) Organic Carbon (OC)

Mahura et al:


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

tan Area

T

Shanghai Metropol

=2
@)
Q.
0
3
(24
<
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SAHF



Downscaling for Shanghai (meteo & aerosols)
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Enviro-HIRLAM model downscaling domains Urban areas in domains m:
(15-5-2.5 km resolutions) o C15 - . o &
| wp o R CPU time spent for 1 run:

_€15-15 »\...“‘ _ _ =t T C15: 1h2min

< e SR C05: 3h3min

C02: 3hémin

Surface level disc use for 1 run:
4l C15: 533M
C05: 1,5G
C02: 947M

Model level disc use for 1 run:
C15: 12G
CO05: 33G
C02: 23G

300

100 400

o

., Sgan 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)

\ ~ ; y £ b . : ; S
S e I A S

oE

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

2.5km: Urban Scale - Shanghai: PM10

Diurnal cycle: 20 Jul 2010

{ug/m3)
1000
500

500
200

200
150

150

118.50 118.00 119.50 120.00 120.50 121.00 121.50

16.50 Tue 20 Jai72000 00Z +0BH7 50 116.00
valid Tue 20 Jul 20100372

Mahura et al., 2014-2017
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Examples of
Enviro-HIRLAM
Applications
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Aerosols Effects - Northern Hemisphere e

- Difference fields between CTRL&DAE (top), CTRL&IDAE (middle),
CTRL&DAE+IDEA (bottom) runs with the Enviro-HIRLAM model for

monthly (January) averaged (left) and maximum (right) concentration of
black carbon, BC (in pg/m3).

T AN T
CTRL —reference | vg'*\\\:\& ‘
run . )
DAE —
Direct Aerosol
Effect
IDAE — Indirect
Aerosol Effect

Average

i R —
45 WHOSVBS VB0 VRS WO VISSWDVE*W 0° 5°E 10°E15°E 20°E 25°E

January (12 UTC) monthly averaged (left) and A maximum (right)
simulated concentration (in pg/m?)

of SO, (top) and PM2.5 (bottom) based on the Enviro-HIRLAM
control run simulations.

Average

Focus on 12 months of 2010 | ICs/BCs ERA-5 meteo & CAMS

\ \ ,':”‘, / ¥ i Bl 5. U : . R . .
gases+aerosols, DA obs, SST | Emis.Inv — biogenic, anthropogenic

Aerosol feedbacks and interactions at regional scale in Arctic-boreal domain | Spin up 1 month — _DeC 2009/ Run — CTRL vs Aerosol !EffECtS
by Mahura, Nuterman, Baklanov, Makkonen, Petaja, Zilitinkevich, Kulmala, + included | 15km horiz.resol | focus on black and organic carbon

MS: in preparation, 2021+ concentration and deposition (dry vs. wet) variabilities
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© 7 Aerosol Effects - Regional Scale Wigm.

Nerobelov, 2019
CTRL DAE ) | CTRL IDAE CTRL DAE+IDAE

7 i I T i T2 A | iz — Y

" D|fference f|elds for the alr temperature at2m on 4 Aug 2010 06 UTC ;

ki L. P
575N [ % J 57.5°N [ i

H i o Py e i - i : Al # {
225°E  25°E  27.5°E  30°E  32.5°E  35°E  37.5°E 40°E  425°E  45°E  47.5°E 22.5°E  25°E  27.5°E  30°E  32.5°E  35°E  37.5°E  40°E  42.5°E  45°E 47.5°E 225°E  25°E  27.5°E  30°E 3255 35°E  37.5°E AOE 425°E  45°E 47 5°E

Direct effect i 14 T 3 5 °C Indlrect eﬁ‘ectl 3, T2 5 °C Combmed eﬁect 114,17 4 °C

T AR e (7 il PR T i AN L P

67.5°N ..

A
¥
8

a H 2 : H i i P,
225°F  25°E 275°F  30°E  325°F 35°E 375°E  40°E  42.5°F  45°E  475°F

22.5°E 25°FE 27.5°E  30°E  32.5°FE  35°E  375°E A0°E 425°E  45°E AT.5°F

Direct effect| 8, 1 5 mm Indirect effect | 20, 1 1 MM Combined effect | 20, 1 1 MM
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@ Downscaling to Local Scale °.

WMo
Downscaling system for modelling of atmospheric composition on regional, urban

and street scales
by Nuterman, Mahura, Baklanov, Amstrup, Zakey
MS: acp-2020-1308 (2021)

» To demo possibilities of operationalization through linking to CFD model (M2UE) with NWP + ACT
models in a downscaling chain (case study for DK, Copenhagen’s Jagtvej street)

DK Ry=0.8 —— Obs-HCO
DK_RMSE =19 Mod-EU
= —— Mod-DK
e B
e N 7 " ~ -
—_— ~ = = e Sk
e \ _— e — —
\~\_//, 5
DK_Rp=0.69 N Obs-HCO
DK_RMSE = 47 o \. Mod-EU
7/ \ A\ —— Mod-DK
/ \
/ X
// ).
~ —~ 7 \\\ =
— —— R a8 — 5 s [
,/ \ —— Obs-Jagtvej
/./ \‘\ Mod-Jagtvej
{ \
[ A
/ \
Y \
¥ \
/ N
— B / — / \
———— —_—— e i N — e = T
10 20 30 40
Forecast length (in hours)
— — 5% Sep 6 Sep

Days

- N
10E 11E 12E 13E 14E 8E 9E 10E 11E 12E 13E 14E

03 [ug m~3] NOx [ug m—3]

0 20 40 60 80 100 120 140 0 40 80 120 160 200 240 280
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https://www.atm.helsinki.fi/peex/index.php/enviro-peex_plus
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Enviro-HIRLAM:
Science Education and Training
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e’ @ Science Education:
Small-Scale Research Projects (SSRPs)

Introduction
to Enviro-HIRLAM Exercises

See you soon on the next zoom-meeting
18 November 2021
Thursday
16 pm of Helsinki time
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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- gm

. . . . m:
chemistry-aerosols interactions and feedbacks on multi-scales” L é

¢ (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

