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Atmospheric Models: Basic concepts
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Atmospheric Composition 10
. u - wildfires
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<2°C would reduce
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global burned area to
30% to 35% and
projected increases of
fire frequency to ~20%.

(IPCC, 2021)
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The difference between
weather and climate
is @ matter of time

Weather Climate
refers to short-term changes in the atmosphere. y describes the average weather conditions in a specific

It can change minute-to-minute, hour-to-hour and day-to-day area over a long period of time — 30 years or more

Satellites measure several aspects
of Earth's weather as well as provide essential |
data over decades to monitor how ‘

our climate is changing =)
1955 2000 2005 2010 2015 2020 2025 2030 2035 2040

For more information, visit space for our climate:
www.esa.int/climate




Model types

Climate Models

Atmospheric Models

ATMOSPHERE OCEAN

Human interactions with Melt i
land, water, and energy e ! | ice channels
€ e, : Ice sheets and glaciers
e . ” ; ' " B, 4 . p SIIUIIDICH . »
e LAND CRYOSPHERE @

https://www.energy.gov/science/doe-explainsearth-system-and-climate-models
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Atmospheric Composition models

chemical transformation and transport of

C) aerosols and gases

- O
mn(t;ogenic /\ / (v

emissionsfrom the Earth deposition of

pollutants emissions from

b the ocean
R

cities

Mi;dustry transportation
agriculture
A '1| m\ 'J"
) 14 kj:#’j
cattle
desert dust wildfires

Source: https://caliope.bsc.es/



ex Chemistry of Earth's Atmosphere
w.youtube.com/witch?v#QvZBOIwCQ




Atmospheric Composition models @ i

a['ﬂOSDhCI'C copernicus.eu

Meteorological
Model
Emission Model
, ‘ Emission
Offline coupled Online coupled Inventories
Chemistry
Transport
Model (CTM)

CAMS Forecast image source https://www.windy.com/



Atmospheric Composition models: Global vs Regional

o (Windysme 3 iicio
= /\ Atmosphere
/m\ Monitoring Service
2 atmosphere.copernicus.eu

CAMS NO, forecasts
For 31 Jan 2025 at 10CET

aaaaa
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Source https://www.windy.com/



Atmospheric Composition models: Global vs Regional

Global Forecasts are used as Initial and Boundary conditions by the Regional Forecasting Systems.

CAMS regional NO, analysis embedded in CAMS global forecast

e

mass concentration of nitrogen dioxide in a|r( /m3

0.1 1.0 10.0

XY, WORLD
7 METEOROLOGICAL
ORGANIZATION

https://atmosphere.copernicus.eu/copernicus-data-brings-pollution-forecasting-your-mobile-phone



Atmospheric Composition models: Scales

Global Models

global scale

1000 kilometer RN
glacial period

: Regional Mo
100 kilometer 8
kilometer
turbulence
meter |
convectio I
millimeter ‘
+ ' ' I
hotochemist
nanometer . P : v
second hour year thousands of years
< millisecond minute day decade

G. Inchingolo CC-BY-SA 4.0 / Aviation Weather Center Public Deenain / Governmment of kceland / ). Hagelien CC-BY.SA 3.0 / G. Bor CC-8Y-SA 3.0 | Al Wikinmedia Commons
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Atmospheric Composition models: (Re)analysis

Observations
Meteorological Model

Data assimilation

Meteo

observations
Emission Model

z Offline coupled Online coupled Emission
3 ¥ Inventories
Chemistry Transport
Model (CTM)
—

Perfiles

Observatory
Q In situ . Atmos. Comp
observations

Data assimilation

Scheme courtesy of L. Mona
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Atmospheric Composition models: (Re)analysis

Free Model Run

Observations

,ﬁam WORLD
(€4 METEOROLOGICAL

ORGANIZATION

Model Error

Assimilation
Method

~ Analysis |

Observation Error

Analysis: Obtaining
the "best" estimate of
current atmospheric
dust conditions

Reanalysis: Creation
of data sets describing
the recent history of
dust in the
atmosphere

https://www.hereon.de/institutes/coastal_systems_analysis_modeling/hydrodynamics_data_assimilation/topics/data_assimilation/index.php.en



Modelling framework

Mineral Dust
Air quality
Meteorology

Climate predictions Climate predictions

Climate projections Climate projections

S 2
° 4 \\,(\6 o S 366 \\)(*
Yo o) N\ N\O(\ c®” \(ea s oS

DIAGNOSTIC FORECAST PREDICTION PROJECTION

Courtesy Albert Soret




Modelling framework

HPC (high-performance computers) are fundamental for executing numerical models.
The size of each cell in the grid and the length of the simulation is determined by the
power of the computer runnmg the model.

The MareNostrum 5 supercomputer, Spain
It is a pre-exascale EuroHPC supercomputer
https://www.bsc.es/ca/marenostrum/marenostrum=5

\. WORLD



Why do we evaluate air quality models?

* Accuracy & Reliability: TYPES OF DATA VISUALIZATION CHARTS

74

oy

o Models need to predict pollutant concentrations PS o 5 B o
with high accuracy. i e |
[ e—1 |
* Regulatory Compliance: e | i
. . . £ T ‘
o Ensure models meet national and international . X N 1 . .
. . Line Chart Area Chart Bar Chart Histogram
alr quallty Standards' Display trends over time A line chart with areas Display trends with Display the shape and
below the lines filled multiple variables spread of continuous
with colors dataset samples
Key Steps in Model Evaluation 0 o o
Comparison with Observations: ;e
= Validate model output against measured air quality 5 e
data (points: ground-based, gridded: satellite). Scatter Pot " Bubble Chart Pie Chart Gauge
Show correlation in Show and compare the Show the contribution Visualize the distance

Statistical Performance Metrics:
= Categorical: Definition of categories by intensity
* Contingency tables
= Continuous
* Metrics like Mean Bias (MB), Root Mean Square
Error (RMSE), and correlation coefficients.

'.,;;“ WORLD

s
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a dataset

relationship between
the labelled circles

Show data with location as a variable

of data point inside
a whole dataset

between intervals

Heat Map

Show magnitude of a phenomenon

VISUALISE THE RESULTS MATTERS!



FAQ Contact Us |

News & Events ¥

Barcelona Dust
Regional Center

@

WMo Products Research Resources AboutUs ¥

Model
intercomparisons

1. Promoting best
practices and
guidelines to be used
by the international
community

2. Development of
probabilistic forecasts

Daily Dust Products

<BACKTO PRODUCTS

This interactive visualisation tool allows you to access dust forecasts from different numerical models and dust-related observational products. To find out how to interact with it,
please watch the Video Tutorial or download the User Guide and read the Documentation. The Warning Advisory System has been developed thanks to the co-funding support of
FEDER INTERREG MAC program and WMO-CREWS initiative.

Variable
Forecast Evaluation Observations x
AOD v

MONARCH Dust Optical Depth (550nm)
Valid: 00h 15 Mar 2022 (H+12)

MULTI-MODEL Dust Optical Depth (550nm)

Valid: 00h 15 Mar 2022 (H+12) +

Models A

01 02 04 08 12 16 32 64 01 02 04 08 12 16 32 64

MULTI-MODEL v
MONARCH
CAMS-IFS v
DREAM8-CAMS
NASA-GEOS .
MetOffice-UM ]
NCEP-GEFS

EMA-RegCM4
SILAM »
LOTOS-EUROS

ICON-ART

NOA-WRF-CHEM H H

WRF-NEMO A a

CAMS-IFS Dust Optical Depth (550nm) + EMA-RegCM4 Dust Optical Depth (550nm) +
ALADIN Valid: 00h 15 Mar 2022 (H+00) Valid: 12h 14 Mar 2022 (H+12)
ZAMG-WRF-CHEM

e e —— -—  — —
MOCAGE 01 02 04 08 12 16 32 64 01 02 04 08 12 16 32 64
SELECTALL

APPLY

A
Probability of < ‘
exceedance o &

ASIA %‘

ASIA

>

Warning Advisory
System

© 3 pownNLoAD

15 MAR 2022

http://dust.aemet.es

@dust_barcelona
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http://dust.aemet.es/

ﬁ’_*\h Barcelona Dust
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Daily Dust Products

<BACK TO PRODUCTS

This interactive visualisation tool allows you to access dust forecasts from different numerical models and dust-related observational products. To find out how to interact with it,
please watch the Video Tutorial or download the User Guide and read the Documentation. The Warning Advisory System has been developed thanks to the co-funding support of
EEDER INTERREG MAC program and WMO-CREWS initiative.

Forecast Evaluation Observations

Visual comparison Visual comparison
Statistics The visual comparison offers a quick overview of the quality of the forecast. Please select among the available dust-related observations in near-real-time.
Network Model Date range

Aeronetvalevi5  ~ MULTI-MODEL v 02 Jan 2022 31 Dec 2023




Understanding the observations
Aerosol typing — Example AERONET

0.15<A0D<0.2
0.2<A0D<0.3
0.3<A0OD<0.4
0.4<A0D<0.5
0.5<A0D<0.6
AOD>0.6

o

o>1.0

0.75<0<1.0
0.6<a<0.75

(@)

O
0.5<0<0.6
0.4<0<0.5
0.3<0<0.4
a<0.3

Q

da<0
0>30:>0.1
0.1>30>0.2
0.2>30>0.3
0.3>30>0.4
30>0.4

o — L L L L L L L
20°W  10°W  0° 10°E  20°E  30°E  40°E  S50°E 60°E
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Intensity
AOD 440 nm

Size
Angstrom Exponent
a(440,870 nm)

Mixture

Angstrom Exponent
Curvature
a(440,675nm)—
a(675,870nm)

(Basart et al., 2012)



FAQ Contact Us |

Barcelona Dust

Regional Center Products Research Resources News & Events ¥ AboutUs ¥

Daily Dust Products

<BACK TO PRODUCTS http://dust.aemet.es
@dust_barcelona

This interactive visualisation tool allows you to access dust forecasts from different numerical models and dust-related observational products. To find out how to interact with it,
please watch the Video Tutorial or download the User Guide and read the Documentation. The Warning Advisory System has been developed thanks to the co-funding support of
FEDER INTERREG MAC program and WMO-CREWS initiative.

Systematic

underestimations in ONLY DUST

Su mmer In Dust Optical Depth @ Tamanrasset_INM (lat = 22.79° N, lon = 5.53° E) o] B a
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http://dust.aemet.es/

Understanding the forecast | Spatial resolution
Example of NO2

a) Europe 12kmx 12 km b) Iberian Peninsula 4 km x 4 km c) Catalonia 1 km x 1 km d) Barcelona 20mx 20 m

CALIOPE AQ forecasting system
Barcelona, Spain, 9-25 November 2017
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e (Benavides et al., 2021)




Understanding the forecast | Representativity

CALIOPE AQ forecasting system
Barcelona, Spain, 9-25 November 2017

Palau Reial
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(Benavides et al., 2021)



A/AeroVoI I Maps |« Evaluation

& Experiments

IFS
IFS-EAC4
IFS-EGG4

IFS-ESUITE-Cy48R1

IFS: Evaluation of CAMS

forecast models

Both OSUITE and CNTRL are
evaluated against multiple observation
records including AOD from AERONET
and PM, O3 and NO2 measurements.

+ Show More

& CAMS user support

S Data Policy

AeroVal makes use of
observation networks. Before using the
data, please check the specific
network data policies on the

several

(® Intercomparison BB Overall Evaluation @ Information
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Model (monthly)

https://global-eqc-server.atmosphere.copernicus.eu/
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Understanding the processes @+

O3 - Europe - 2023

NO, is the precussor of O,

50 -8~ Observation (monthly)
Model (monthly)

Observation (daily)

40 A Model (daily)
03 - 2023 2
EEA-NRT-rural - IFS-OSUITE - daily data £ 30
3
20
(
a-e
< 10 | | T T T
Jan '23 Mar '23 May '23 Jul '23 Sep 23 Nov '23
Time
NO2 - Europe - 2023
EEA-NRT-rural - IFS-OSUITE
10 -e- Observation (monthly)
Model (monthly)
Observation (daily)
8 Model (daily)
5 6
g
NMB (%) &
-100< @ -75 ® -50 ® -25 0 25 © 50 ® 75 @ >100 g 4
2
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Copernicus is the European
Union's Earth observation
programme, looking at our
planet and its environment
to benefit all European
citizens.

FULL, FREE AND OPEN j
_ glm

ACCESS TO DATA

It offers information services
that draw from satellite Earth
Observation and in-situ
(non-space) data as well as
modelling products.
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OPEIMICUS
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Key Messages

 Understand your model

o Be sure about the scales that you are considering in your configuration
and the processes represented

« Compare oranges with oranges

o Understand the spatial and temporal representativity of the stations or
gridded datasets that you are using you comparisons

o Comparison of the same parameter

/i METEOROLOGICAL
ORGANIZATION
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