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Summary of project objectives (10 lines max)

The main objectives of the Enviro-PEEX(Plus) on ECMWEF Special Project are to analyse the
importance of the meteorology-chemistry-aerosols interactions and feedbacks and to provide a way for
development of efficient techniques for on-line coupling of numerical weather prediction and
atmospheric chemical transport via process-oriented parameterizations and feedback algorithms, which
will improve the numerical weather prediction, climate and atmospheric composition forecasting.

The main application areas to be considered include improving: (i) numerical weather prediction with
short-term feedbacks of aerosols and chemistry on meteorological variables; (ii) atmospheric
composition forecasting with two-way feedbacks between aerosols/chemistry and meteorology; (iii)
coupling of aerosols and chemistry aiming towards better description of aerosols and relevant
microphysical processes, and their effect on radiative fluxes and clouds; and (iv) understanding and
ability in prediction of chemical and physical processes related to the formation and growth of
atmospheric particles.

Summary of problems encountered (10 lines max)

Following e-mail (Subject: 103rd ECMWF council outcome and actions) from Dr. Daniel Varela
Santoalla <Daniel.Varela@ecmwf.int> (dated by 24 March 2022), all colleagues/ researchers affiliated
with Russian Universities/institutions and involved in this HPC project were informed and asked to stop
immediately to use tokens for accessing ECMWF HPC accounts & confirmations were received that
they will not use tokens and accounts. Important note: since spring 2022, all colleagues/ researchers
affiliated with Russian Universities/institutions (whom were the main users) stopped using computing
resources at ECMWEF.

Summary of plans for the continuation of the project (10 lines max)

The workplan outlined in the original proposal has been revised, because partners from Russia were
excluded from the project. Important note: some planned work will be continued employing
computing resources of the Center for Science Computing (CSC, Finland). The planned developments
towards the PEEX-Modelling-Platform will provide additional scientific value for the numerical
weather prediction, atmospheric composition forecasting, and climate modelling communities. In
particular, simulations are expected for: (i) short-term case studies with physical and chemical weather
downscaling forecasting to evaluate sensitivity of aerosol effects on meteorology, atmospheric
composition and climate; (ii) episodes for weather, climate and air quality applications to evaluate
possible effects; (iii) testing parameterisations, meteorological and chemical initial and boundary
conditions, and chemical data assimilation.
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Summary of results (from June 2022 to June 2023)

1. Implementation Concept: “The Pan-Eurasian Experiment Modelling Platform (PEEX-MP)”
The PEEX-MP is one of key blocks of the PEEX Research Infrastructure. It includes more than 30 different
models. The approach has focus on a concept of seamless/online integrated environmental prediction, which
allows to better understand physical-chemical-biological processes, Earth’s system interactions and feedbacks,
and to provide valuable information for assessment studies for population, environment and climate in the
PEEX geographical domain. The PEEX-MP presents a strategy for best use of current generation modelling
tools to improve process understanding and improve predictability on different scales in the PEEX domain.
The seamless coupling includes different processes, components, scales and tools. The scales to be considered
cover scales from micro- to local, urban, sub-regional, regional, hemispheric, global; and from box-model to
large eddy simulations, meso- and climate scales. The horizontal resolutions for modelling are ranging from a
few meters to more than a degree in the latitudinal-longitudinal domain. The processes, at the current moment
studied at different degree of understanding and to be considered include meteorological and climatological,
chemical and aerosols, biological, hydrological, and others as well as taking into account society interactions.
Available observations for atmosphere and ecosystems (in particular, from the SMEAR-type stations and
PEEX metadatabase stations) are to be used for data assimilation and data processing as well as for the models
validation and verification studies. In particular, the Enviro-HIRAM modelling system continues further
development and application (Mahura et al., 2022, 2023a) for different research tasks according to the PEEX
Science Plan (https://www.atm.helsinki.fi/peex/images/PEEX_Science Plan.pdf).

2. Study: “Integrated Modelling and Analysis of Influence of Land Cover Changes on Regional
Weather Conditions/ Patterns”

This study (Pysarenko et al., 2023, 2024) aims to investigate influence of land-cover changes (current vs.
scenarios) and its consequences on meteorology for cases of extreme meteorological situations (heatwave,
heavy rains and snowfall) and air quality/ atmospheric composition. Methods applied include the following:
(1) Seamless multi-scale (15-5-2-1.5 km res.) Enviro-HIRLAM maodelling; (2) Study period: Jul-Aug 2010;
Mar-Apr 2013; (3) Scenarios: deforestation total (TOT_DEF) & half (HALF_DEF); afforestation total
(TOT_AFF) and half (HALF_AFF); (4) Model runs: REF + DAE, IDAE, DAI+IDAE aerosol effects included
(see example on Fig. 2). Concluding remarks are the following: (i) Land cover changes significantly impact
regional weather patterns through changes in radiation, moisture, temperature and wind regimes; (ii) Land
cover changes can enhance the consequences of extreme meteorological conditions; (iii) Outcomes — showed
consequences of deforestation and give solid ground for decision-makers in planning adaptation measures to
climate change & developing possible recommendations for national forestry service.
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3. Study: “Integrated Modelling for Assessment of Potential Pollution Regional Atmospheric
Transport as Result of Accidental Wildfires”

This study (Savenets et al., 2023, 2024) aims to analyse regional influence of wildfires occurred in the
Chernobyl exclusion zone & to identify affected territories in case of active wildfires near, within radioactive
polluted hotspots, and in a close proximity to the nuclear power plant. Methods applied include the following:
(1) Seamless multi-scale (15-5-2-1.5 km res.) Enviro-HIRLAM modelling; (2) Study period: 2-30 Apr 2020;
(3) Model runs: REF + DAE, IDEA, DAI+IDAE aerosol effects included (see example on Fig. 3); (4)
Sensitivity tests: time steps 300-240-180 sec (15 km), 150-120-90, 90-60-30 (2 & 1.5). Concluding remarks
are the following: (i) Numerous feedbacks revealed in the atmosphere enhanced by aerosol compounds
(emitted from wildfires); (ii) Aerosol effects show spatial non-homogeneity, dependence on meteorological
conditions, and ratio of species; (iii) Outcomes — crucial for improving weather prediction considering
aerosols’ influence & valuable for impact assessment on health and ecosystems in decision-making.
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4. Study: “High-Resolution Integrated Urban Environmental Modeling”

This study (Esau et al., 2023) aims to integrate turbulence—resolving urban large-eddy simulation, LES (meter-
scale; PALM) and meteorological (km-scale; Enviro-HIRLAM) simulations into a seamless modelling chain
& to study urban climate and air quality with high-resolution (from km to m) numerical modelling and urban
observational data fusion. Methods applied in this study include the following: (1) Seamless multi-scale (15-
5-2 km res.) Enviro-HIRLAM modelling; (2) Study period: 1 Dec 2017 — 31 Jan 2018; (3) Model runs: REF
+ DAE, IDEA aerosol effects included (see example on Fig. 4a); (4) LES PALM modelling: modelling for
Apatity urban area (see example on Fig. 4bcde).
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Figure 4: (a) Enviro-HIRLAM modelling results from downscaling to 2 km resolutions for selected meteorological and
atmospheric composition parameters; (c) terrain over the Apatity urban area; and (b,d,e) PALM LES: (b) vertical wind
velocity field, (d) friction velocity and (e) horizontal wind speed field at 10 m - over the Apatity urban area.

5. Study: “Effects of Spring Air Pollution and Weather on Covid-19 Infection in Finland”

This study (Heibati et al., 2023) aims to assess effects of meteorological (temperature, humidity and
momentum regimes in the boundary layer) and air pollution (aerosol components) factors on covid19 cases in
20 hospital districts of Finland during spring 2020 (see Fig. 5 for examples). Methods applied in this study
include the following: (1) Seamless subregional scale Enviro-HIRLAM modelling; (2) Study period: 1 March
— 31 May 2020 with covid19 lockdowns; (3) Model runs: DAE+IDAE aerosol effects included; (4) Covid19
data: time-series of daily cases in 20 hospital districts of Finland in March-June 2020.
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Figure 5: (a) Examples of correlation coefficients (for March 2020, with 0-14 lag days) for (a) aerosol components,
and (b) meteorological parameters for the Helsinki Hospital District (Finland); (c) time-series of covid cases vs. daily
average black carbon and aerosols’ total concentrations.

6. Study: “Enviro-HIRLAM meteorology for FLEXPART atmospheric trajectory calculations”
This study (Foreback et al., 2023) aims to integrate (develop method) the Enviro-HIRLAM modelled
meteorology as input for FLEXPART’s calculations of trajectories and dispersion of particles & to evaluate
impact of aerosol effects on meteorology and trajectories. Methods applied in this study include the following:
(1) Seamless downscaling (25-15-5-2+ km resol.) Enviro-HIRLAM modelling (see domains on Fig. 6a); (2)
Study period: 1 Oct - 23 Nov 2018; (3) Model runs: REF, DAE, IDAE, DAE+IDAE aerosol effects included;
(4) FLEXPART: atmospheric backward trajectory calculations (see examples on Fig. 6bc) for elevated
pollution episode in Beijing, China.
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Figure 6: (a) Enviro-HIRLAM downscaling modelling domains (25, 15, 5, 2.5 km horizontal resolutions; and (b,c)
Atmospheric backward trajectories (96 hrs or 4 days) calculated by FLEX PART model based on (b) ERA-5 (0.25°
resol.) and (c) Enviro-HIRLAM (reference run at 0.25° resol.) meteorological input arriving at heights of 100, 500 and
2000 m at 5 locations (i.e., BUCT, Beijing & the corners of a 20x20 km box with BUCT in the centre). Note, top panel
shows altitude (ASL) and mean orography along the trajectories.

7. Science Education with Enviro-HIRLAM model at Young Scientists School (YSS)

There are two planned events where the Enviro-HIRLAM model will be used in educational process:

(1) Nov 2023 YSSchool (hybrid events) on “Socio-Environmental Interactions in Sustainable Smart Cities” —
will include lecturing on seamless modelling, and Enviro-HIRLAM small-scale research projects (SSRPs) with
focus on analysis of urban scale modelling results: i.e., impact of urban areas on meteorology and pollution
patterns. The is event is a part of the

(2) Autumn 2024 YSSchool (onsite event) on “Multi-Scales and -Processes Integrated Modelling,
Observations and Assessment for Environmental Applications” — will include lecturing on seamless modelling,
and Enviro-HIRLAM SSRPs with focus on analysis of aerosol effects (direct, indirect, combined) on
meteorology at regional-subregional-urbans scales.
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