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Small changes in wind direction affect urban plumes

Flow enters street canyon
Narrow Plume blocking the plume Wide Plume
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Flow exits street canyon expanding
the plume to the west

Accounting for meteorological uncertainty will help
advance source estimation methodologies
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Atmospheric Source Estimation Using Monte Carlo
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Bayesian computation via Monte Carlo simulations

Bayes’ Rule Prior distribution of X
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OKC case study: source estimation for Joint Urban 2003

Previous Validation Studies

s Atmospheric Simulation Tool

1200, )
K 1.0E-02
L o 5.0E-03
* AEOLUS [RANS + Lagrangian particles] was used to woncf] 2 - .
. b ot FT g ©
. . . = s i - | g
simulate 12 trials of Joint Urban 2003 : J\»v J e T
* Y I 7 o 11.0E-04
. i . . soof v [ | —
* Previous: predicted and measured concentrations . Ol _%mg % -
700 ! ©
0 o" V24 B . <1.0E-05
in “good” agreement oo gl
* Current goals: 1) use wind and concentration data i, |
(o]
S : 5.0E-07
to determine source location and strength and 2) )
o 1.0E-07
add error bars to model predICtiOnS 06 200 00 400 500 600 700 800 800 1000
. 10° ' , .
e e RY;S:] 3‘;3‘:‘; Total Number of matched zeros=49 ‘.
(%) (%) runtime’  runtime’  TUMfme " B
(sec) (sec) L) 10 ¢ B R
O A0 -
10P2, Trial3 | 46.67 | 61.67 | 70. 203.7 286.40 o FS
IOP3, Triall | 38.71 | 67.74 | 72.58 | 2027 67.10 269.80 . B
10P3, Trial2 | 53.33 | 70.67 | 86.67 | 207.72 85.88 293.60 IOP 8 e o 8
IOP3, Trial3 | 60.87 | 86.95 | 89.85 | 203.53 78.93 282.46 ’ ©
10PS, Triall | 3541 | 6041 | 79.16 | _204.12 83.76 287.88 - = < A
10P8, Trial2_| 47.60 | 7538 | 86.15 | 21117 8214 203.13 Trial 2 g 1o e
10P8, Trial3 | 4545 | 68.18 | 7121 | 202.25 74.93 277.18 = P .
TOP9, Triall | 54.05 | 64.86 | 7837 | 20423 | 83.54 | 28777 8 e
10P9, Trial2 | 60.41 | 79.16 [ 85.41 | 201.55 79.21 280.76 105 0.7 6P
10PY, Trial3 | 47.62 | 66.67 | 80.95 | 198.62 72.33 270.95 S R
10P10, Triall | 46.67 | 68.89 | 82.22 | 199.64 78.09 277.73 N
10P10, Trial2 | 37.78 | 55.55 | 73.33 | 208.27 84.62 292.89 e HOs o 107
- 47.88 | 68.84 | 79.65 | 203.95 79.43 28338 observed

u' Lawrence Livermore National Laboratory HENAHREERER RS 6



OKC case study: source estimation for Joint Urban 2003

g Atmospheric Simulation Tool Uncertainty in Inflow Conditions
* Previously used wind data from a single

upstream sensor to set inflow conditions
* Now infer a distribution of inflow
conditions using wind data collected from
many sensors within the computational
domain
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OKC case study: source estimation for Joint Urban 2003

g Atmospheric Simulation Tool Uncertainty in Inflow Conditions
* Previously used wind data from a single

upstream sensor to set inflow conditions
* Now infer a distribution of inflow
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OKC case study: source estimation for Joint Urban 2003

g Atmospheric Simulation Tool Uncertainty in Inflow Conditions
* Previously used wind data from a single
upstream sensor to set inflow conditions
* Now infer a distribution of inflow
conditions using wind data collected from
many sensors within the computational
domain
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OKC case study: source estimation for Joint Urban 2003

s Atmospheric Simulation Tool
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Uncertainty in Inflow Conditions

* Previously used wind data from a single
upstream sensor to set inflow conditions
* Now infer a distribution of inflow
conditions using wind data collected from
many sensors within the computational
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OKC case study: source estimation for Joint Urban 2003

Source location via back

trajectory ensemble

* Run back trajectories for each simulation in the
wind ensemble
* Concentration sensors
* “hit” sensors have +1 source
* “miss” sensors have -1 source
* Apply wind likelihood weights to back trajectories

s Atmospheric Simulation Tool
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OKC case study: source estimation for Joint Urban 2003

Source location via back

trajectory ensemble

* Run back trajectories for each simulation in the
wind ensemble
* Concentration sensors
* “hit” sensors have +1 source
* “miss” sensors have -1 source
* Apply wind likelihood weights to back trajectories

r Atmospheric Simulation Tool
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OKC case study: source estimation for Joint Urban 2003

g Atmospheric Simulation Tool Source location via back
trajectory ensemble
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Looking forward

standard deviation

u' Lawrence Livermore National Laboratory

Need to estimate observation error and
prediction bias parameters

Use MCMC to jointly sample posterior

distribution of:

* meteorological input parameters

* meteorological observation error and bias
parameters

» dispersion source parameters

e concentration observation error and bias
parameters

Example: sample met u-v input parameters and
standard deviation parameters for a Gaussian error
model for the difference in predicted and observed u-v
wind components
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Looking forward

oo1] Need to estimate observation error and
prediction bias parameters

Use MCMC to jointly sample posterior
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Atmospheric Source Estimation Using Monte Carlo
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Phase one: source characteristics

observations source characteristics dispersion model error

;/ = If'(é,)lf) + 6|(T) + sl(a)

dispersion code meteorology measurement error

460 s .
@ Source Inversion

Developing efficient and
adaptive Bayesian Monte Carlo
methods to estimate the
probability distributions of the
source properties.

.)03 Oklahoma City test case
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Phase two: uncertainty in meteorology

observations source characteristics dispersion model error

;1 = lﬁ'(ﬁl?,)l() + 6|(T) + sl(a)

dispersion code meteorology measurement error

Uncertainty in Meteorology

Determining ways to sample
meteorological uncertainty (initial
state, inflow and lateral boundary
meteorology, and model physics) in
a computationally efficient way.
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Phase three: model and measurement biases

observations source characteristics dispersion model error

;f = llﬂ'(é,)l() + 6|(T) + £|(J)

dispersion code meteorology measurement error
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