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Error Apportionment

Model evaluation: Does the model provides the correct response for
the right reason?

Operational metrics (error, associativity, variability) have little or no impact
on model improvement as they:
- do not target the source of the modelling error and
- do not discriminate between the reasons for appropriate or inappropriate
performance
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on model improvement:
- do not target the source of the modelling error and
- do not discriminate between the reasons for appropriate or inappropriate
performance

New model
evaluation
paradigm

• moving away from metrics
• more focused on the quality of the error
• targeting the time-scale of the error, allowing
better identification of the cause
• sensitivity analysis to identify the contribution
of external inputs (emissions, boundary
conditions) to model bias
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Diagnostic of the error

𝑀𝑆𝐸 = 𝑏𝑖𝑎𝑠 2 + 𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒 + 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑛𝑐𝑒

𝑀𝑆𝐸 = 𝑚𝑜𝑑 − 𝑜𝑏𝑠

2

+ (𝜎𝑚𝑜𝑑 − 𝑟𝜎𝑜𝑏𝑠 )2 +

𝑟𝑒𝑑𝑢𝑐𝑖𝑏𝑙𝑒

𝑚𝑀𝑆𝐸
𝑢𝑛𝑒𝑥𝑝𝑙𝑎𝑖𝑛𝑒𝑑

2
𝑚𝑀𝑆𝐸 = 𝜎𝑜𝑏𝑠
(1 − 𝑟 2 )

MSE -> 0 in the case of ‘perfect’ model: unbiased and r-> 1

Solazzo, E., Galmarini, S.: Error apportionment for atmospheric chemistry-transport
models: a new approach to model evaluation, Atmos. Chem. Phys. Discuss.,
doi:10.5194/acp-2016-15, 2016

Spectral decomposition
Spectral decomposition of time
series of pollutants derived from
power spectrum analysis

LT

Four components ID, DU, SY, LT
LT : Long term (processes > 21d)
SY : Synoptic (weather [2.5d;21d]
DU: diurnal (day/night [12h; 2.5d]
ID : intra-day (fast-acting < 12h)

SY

DU LT is the base line, the other
components are obtained using
the filter as band-pass and have
ID zero mean

Ozone - Europe
RMSE for ozone in Europe
by season and spectral
component
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Ozone – North America
RMSE for ozone in North
America by season and
spectral component
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The LT contains all the
bias
The signs indicate model
underprediction (-) or
overprediction (+) of
bias and variance.
The color scale indicates
the correlation
coefficient

bias =(mod-obs)2
var = (mod- r obs)2
𝑚𝑀𝑆𝐸 = σ2obs (1 − r 2 )

The LT contains all the
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The signs indicate model
underprediction (-) or
overprediction (+) of
bias and variance.
The color scale indicates
the correlation
coefficient

bias =(mod-obs)2
var = (mod- r obs)2
𝑚𝑀𝑆𝐸 = σ2obs (1 − r 2 )

Spatial distribution of the
error for winter and MaySeptember for ozone.
The influence of the BCs on
the bias is more marked in
winter, in all the continent
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Spatial distribution of the
error for May-September by
components.
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Sensitivity runs for the
partitioning of the bias
for CO
External bias: due to
external factors
(emission and boundary
conditions)
Internal model bias:
due to model error
(chemistry, deposition,
transport, etc.)

Summary
• The complexity of air quality modelling systems is such that the simple scoring of
•

•

performance is not sufficient to inform about the causes of the error;
AQMEII promotes the model evaluation as a stage of model development and
presents a method to interpret the model’s error, qualitatively other than

quantitatively;
The application to the spectral decomposition help identifying the nature of the error,
and the components that contribute the most to the error;
•

The spatial representation helps identify the possible sources of the error;

•

Currently, work is underway to further decompose the error into process specific
components for a clearer identification of its cause.

E.Solazzo et al. Evaluation and error apportionment of an ensemble of atmospheric chemistry
transport modelling systems: multi-variable temporal and spatial breakdown. In preparation for

submission to ACP journal

ACKNOWLEDGEMENTS
We gratefully acknowledge the contribution of various groups to the third air Quality Model Evaluation
international Initiative (AQMEII) activity. The following agencies have prepared the data sets used in this
study: U.S. EPA (North American emissions processing and gridded meteorology); U.S. EPA, Environment
Canada, Mexican Secretariat of the Environment and Natural Resources (Secretaría de Medio Ambiente y
Recursos Naturales-SEMARNAT) and National Institute of Ecology (Instituto Nacional de Ecología-INE)
(North American national emissions inventories); TNO (European emissions processing); Laboratoire des
Sciences du Climat et de l'Environnement, IPSL, CEA/CNRS/UVSQ (gridded meteorology for Europe);
ECMWF/MACC (Chemical boundary conditions). Ambient North American concentration measurements
were extracted from Environment Canada's National Atmospheric Chemistry Database (NAtChem) PM
database and provided by several U.S. and Canadian agencies (AQS, CAPMoN, CASTNet, IMPROVE, NAPS,
SEARCH and STN networks); North American precipitation-chemistry measurements were extracted from
NAtChem's precipitation-chemistry data base and were provided by several U.S. and Canadian agencies
(CAPMoN, NADP, NBPMN, NSPSN, and REPQ networks); the WMO World Ozone and Ultraviolet Data Centre
(WOUDC) and its data-contributing agencies provided North American and European ozonesonde profiles;
NASA's AErosol RObotic NETwork (AeroNet) and its data-contributing agencies provided North American
and European AOD measurements; the MOZAIC Data Centre and its contributing airlines provided North
American and European aircraft takeoff and landing vertical profiles; for European air quality data the
folowing data centers were used: EMEP European Environment Agency/European Topic Center on Air and
Climate Change/AirBase provided European air- and precipitation-chemistry data. The Finnish
Meteorological Institute for providing biomass burning emission data for Europe. Data from meteorological
station monitoring networks were provided by NOAA and Environment Canada (for the US and Canadian
meteorological network data) and the National Center for Atmospheric Research (NCAR) data support
section. Joint Research Center Ispra/Institute for Environment and Sustainability provided its ENSEMBLE
system for model output harmonization and analyses and evaluation.
17

