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Types of Dispersion Model

« A wide range of dispersion
models exist:

— Gaussian plume/puff models;

— Lagrangian particle models;

— Computational fluid dynamics Gaussian puff
(CFD) models.

 These have different levels
of fidelity.

CFD
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Model Performance Metrics

® Perform ance IS dlﬁlCUlt to Predicted vs Observed Concentration QQ Plot (49)
guantify in a single metric;
« Many statistical measures are

used e.g.:
— Factor-of-two (FAC2);
— Fractional bias (FB);
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— Normalised mean square error
(NMSE);

— Geometric variance (VG). " W et Pl R

Quantile-quantile plot
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Model Performance Metrics

2-D Measure-of-Effectiveness

 Criteria for a good
model used by
Hanna et al. are
frequently cited?;

 Different people
prefer dif‘ferent False positive area (Aqp)

2 Prediction (Apg)

measures?:

MOE =(x,y)= ﬁ‘;\’ , ':OV
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Validation Against Field Data

 Validation of models against field
data is typically limited by the
number of:
— Concentration samplers deployed,;
— Sampling times;
— Meteorological measurements
made;

— Meteorological conditions covered;

— Experimental locations; Trial MADONA 1992 (FTR 127)
— Releases made (small sample size).
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Project Prairie Grass

Stable to unstable conditions;

Open prairie, 600 samplers on 5 arcs 50-800 m;
70x10 minute releases.
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MUST Experiment
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Joint Urban 2003

Oklahoma City Central
Business District (CBD);
130 samplers in CBD,1,2,
and 4 km arcs;

30x30 minute continuous
releases (also puff
releases);

Releases made during
daytime and nighttime.
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Wind Tunnels

« Constant conditions
enable statistically
representative data to be
gathered,;

e Limit turbulence scale;

* Generally limited to
neutral stability
conditions.

UDM wind tunnel experiments (Hall)
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Performance Assessment

* Requires selection of performance metrics;

« Definition of data comparison process:
— Determination of concentration threshold values;
— Selection of concentration averaging time;
— Selection of criterion for including data:
» Accept all;
« Both above threshold;
* One above threshold.

Performance metrics
decrease
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Making Performance Transparent

* The diversity of metrics and processing choices
makes comparison of performance difficult.

« May be tackled by having a standard reference model
that is:

— Founded on accepted theory;
— Simple in formulation;

— Applicable to a range of environments.
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Proposed Reference Model

Model of Francese and Hug (2011)! developed as a
framework for the analysis of field data;

2 2
c = exp | — —
nUoy0, p( 20y 2022)

Assumes uniform wind profile and reflections;

Horizontal spread from Taylor (1921);
Vertical spread Hunt and Weber (1979).

Franzese P, and Hug P Urban dispersion modeling and experiments in daytime and nighttime atmosphere, Boundary
Layer Meteorology 139, 395-4009.
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Model Comparisons (Daytime)

 Non dimensional concentration vs non-dimensional distance:
* 4 urban experiments.
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Model Comparisons (Nighttime)

 Non dimensional concentration vs non-dimensional distance:
« 3 urban experiments.
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Planned Work

» Application of approach to assess relative
performance of different models for a range of data
sets, including DAPPLE and JU2003;

 Final specification of model for continuous releases;

« Expansion of reference model to handle short
duration releases.
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Conclusions

« There is inconsistency in the methods used to
guantify the performance of dispersion models;

 Validation data is limited and typically small samples;

« Comparisons embody subjective decisions on
Inclusion/exclusion of data;

* A well-defined process and reference model are
required to make performance transparent;

* The authors intend to develop a method based on the
model of Francese and Huq (2011).
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Questions?

Content includes material subject to © Crown copyright (2016), Dstl. This material is licensed under the terms of
the Open Government Licence except where otherwise stated. To view this licence, visit
http://www.nationalarchives.gov.uk/doc/open-government-licence/version/3 or write to the Information Policy
Team, The National Archives, Kew, London TW9 4DU, or email: psi@nationalarchives.gsi.gov.uk
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