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Structure of the presentation

1. General description of the problem

2. Peak - to - mean formulations

a) Longitudinal
b) Variance - transport

3. Model implementations into the SPRAY LPDM

4. Results in controlled / real conditions and
comparisons between different methods

5. Conclusions
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Some fundamental remarks

ü Olfactory problems are perceived by an individual through a 

single respiratory act, lasting about 5 seconds

ü it is the concentration averaged during this brief sampling 

period that does matter in principle, and not the relatively 

long-term average concentration (egone hour) 

It is therefore necessary to model the "instantaneout" values (or at 
least at a frequency of the order of 5 seconds) of the concentration 

1. General description of the problem

Instantaneous(          ) vs
average(          ) concentrations

85Kr emittedin air(Lunge al. 2002)
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Variousway to compute the concentrations

Thisiswhat is
typicallydoneby 
dispersionmodels !!!

1. General description of the problem
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The method consists in estimating the peak (short
time/instantaneous) concentration values through the
average values calculated by the model, using a
multiplicationfactor (Peak-to-meanfactor)

Some reference guidelines provides for the use of a
constant Peak-to-mean factor F (independent from
space,time, met)

Forexample: F=4 (Germany),F=2.3 (Italy)

2. Peak - to - mean formulations
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a) LongitudinalPeak-to-meanRatio

Mylne, Davidson and Thomson 
(1996), BLM, 79, 225-242

2. Peak - to - mean formulations

p / m ɰ ὼ ρ ɰ ρẗÅØÐπȢχσςẗ
ẗ 0Y=ö

ö

÷

õ

æ
æ

ç

å
=

a

p

m

m

p

t

t

C

C
where

It is assumedthat the p/m at the sourceposition is a function of the atmospheric
stabilitya, the typical averagetime tm (3600s)and to the averagetime tp over a short
period (e.g. 5 s)

Starting from observations
of the concentration
variance inside the plume
as a function of the flying
time T, the method
provides an asyntothic
p/m=1 for large T and
largervaluesfor smallT

(Piringeret. al., Atmos. Env., 2017)
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b) SimplifiedVariance-Transportequation

2. Peak - to - mean formulations

Considering/Ґғ/ҔҌŎΩ and startingfrom the general transportequationfor ŎΩ2

Ὗ ς’ όὧ ςόὧ

Following Oettl and Ferrero (2017): A simple model to assess odourhour for regulatory 
purposes, Atmospheric Environment, G155, 162-173

Å neglecting the transport terms
Å neglecting the diffusion term
Å comparing the rest to the lagrangianequations 

the Variance-Transport equation Is reduced to:

‬ὧ

‬ὸ
ς„ Ὕ

‬ὅ

‬ὼ
ҍ
ὧ

ςὝ

havingthe 
analyticalsolution: ὧ ς„ Ὕ ςὝ
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the p/m isestimatedfrom ὅ, ὧ computedat each point and a 
PDF of a givenform
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LongitudinalP/M

Åa valueY(p) is associatedto each
computationalparticle

Åthe previousequation is applied in
differential form, consideringDx = U
Dt

Åeach particle contributes with its
own Y(p) inside a concentration
cell to the computation of an
averagedPeak-to-meanfactor

ÅU andTLare space/time dependent,
computedon eachparticleposition

3. Model implementation

The SPRAY-3 LagrangianParticleDispersionModel is considered

Variance-transport P/M

Åeach ΨǎŀƳǇƭƛƴƎDtΩa field is

computedon anEuleriangrid

Åthe simplifiedequationis appliedto

computeὧ

Åusing ὧ and ὅ , a p/m is
computed using a Weibull PDF
(other optionsarepossible)

Åthe peak concentration values are
estimated as the 98 percentile of

the Weibull PDFwith the givenὧ
and ὅ
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Homogeneousand stationary conditions, 12 x 12 km2 domain, flat
terrain, 1 and 4 m/s wind, 2 different stability conditions, point
source

Point source characteristics
Stackheight = 10 m
Diameter = 0.5 m
Exit temperature= environment
Emittingflow = 70000 UO/s

3 . Numerical experiments in controlled conditions

Setup of the numericalexperiments
in simplecontrolled conditions



Nose2020 ς7° Intl. Conference on EnvironmentalOdourMonitoring & Control ς18-21 March 2021

Unstableconditions, 1 m/s, concentrations
Averageconcentration<C>

max  36 UO/m3

3 . Numerical experiments - results
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Unstableconditions, 1 m/s, concentrations
Averageconcentration<C>

max  36 UO/m3

3 . Numerical experiments - results

max  2801 UO/m3 max  67 UO/m3

Peak concentration Peak concentration

Longitudinal VarianceTransport
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Unstableconditions, 1 m/s, Peak-to-meanratio

3 . Numerical experiments - results

max  77 max 10

Longitudinal VarianceTransport
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Unstableconditions, 4 m/s, concentrations
Averageconcentration<C>

max  8.1 UO/m3

3 . Numerical experiments - results
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Unstableconditions, 4 m/s, concentrations
Averageconcentration<C>

max  8.1 UO/m3

3 . Numerical experiments - results

max  267 UO/m3 max  18 UO/m3

Peak concentration Peak concentration

Longitudinal VarianceTransport
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Unstableconditions, 4 m/s, Peak-to-meanratio

3 . Numerical experiments - results

max  77 max 10

Longitudinal VarianceTransport
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From Lofstromet al., 1994
A concentration fluctuation model for decision-makers 
based on joint tracer and lidar measurements from a 
non-buoyant elevated plume ςTrans. Ecology and 
Environ., 3, 571-579

Lateralbehaviorof the fluctuation

intensity, sc/<C>, experimentaldata 

LateralPeak to meanfrom the interpolated curve
400m from the source, 

SPRAY 1 m/s unstablepeakto mean
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Stableconditions, 1 m/s, Peak-to-meanratio

3 . Numerical experiments - results

max  1.5 max 10

Longitudinal VarianceTransport
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Stableconditions, 1 m/s, Peak-to-meanratio

3 . Numerical experiments - results

max  1.5 max 10

Longitudinal VarianceTransport
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Realisticcase over 
complexterrain

Å 16 x 18 km2 area
Å Sameemissionspreviouslydescribed
Å 10 days duringwinter and 10 days duringsummer
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98 percentile derivedfrom hourly averagedconcentrations
98 percentile <C>

max  132 UO/m3

3 . Numerical experiments - results


