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Introduction Non-Parametric Indicator Codin Sampling CDF Fields Results: Uncertainty Ma

Joint uncertainty is a function of multiple cfs, and the distributions are
not independent : concentration estimates (uncertainty), and the probability of exceeding
J

: different threshold concentration values.
continuous estimates of the cdf value at each threshold (e.g., Sample 2). P(zu;)<z,j=L....,J[(n,n,))# HF (u;5z. | (ng,n,))

Although not used here, data that only provide presence/absence

lid Expected Conditional P(log10(Conc P(log10(Conc
information at discrete threshold values (e.g., Sample 3) can also be coded — Value Variance >-2.0) > 1.0))
using this approach 2 <2, Sample Data Only
(Xo32,) = : the cdf is the concentration for that location. Multiple correlated S - REEES T . |
random number fields produce multiple concentration realizations.

integrate relatively sparse sample data collected at point locations with an ’
existing ensemble of numerical model predictions of the contamination
event. The end result of this integration is definition of a non-parametric cdf : : : : g LB _ L » o b /
of estimated concentration values at all locations. Monte Carlo sampling of : : 1 . | . S imu Iat; on s Con dm one d to D ata
the joint distribution of resultant cdfs provides expected case . CDF’s created i i — S o
contamination, probability of exceeding prescribed concentration : “ through
thresholds and posterior estimates of uncertainty. A demonstrative ik _ " | colocated
example using an ensemble of Gaussian plume simulations and limited ~ | cokriging
point sampling is used to develop and evaluate an integration technique. . : - : "B
Three different sets of results are compared: 1) Spatial estimation (Kriging) 7 7 7 7 7 by - 4 A oy
using only the limited sample data; 2) Estimates based only on a subset of k=1 k=2 k=3 Tk=4 Tk=5 : 2 [ Integrated Data and Slmulatlons
the ensemble of model predictions that fit the sample data; and 3) The .

Colocated CoKriging (CoCoK) approach that integrates both sample data Data In tegr ation with Colocated CoKri ging A ” & e -

and the same subset of ensemble model results.

Example Problem Results: Example Simulations
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sample data; 3) Integrated Gaussian plume simulations and sample data —

: : Correlated Random Number Fields Concentration Realizations
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simulation ensemble that are within some proximity measure of all sample
data. The CoCoK estimate of the conditional probability is a weighted linear
combination of the n_ indicators and the single covariate indicator value at Sample Data Only o
the estimation location, i™(x,), subject to the single unbiasedness constraint - ) shown to the left and can be
concentration over each 1x1km square within a 250x250km domain shown below » | o A KL
(62,400 cells). Here a simple Gaussian plume model (Diggle, 2003) is - . . Ry 5 (x 2 xm " (x ) . « U ' ) B O
used to represent the aerosol transport model. Additionally, 35 samples P(z(x) < 2 [ s, (X, ), m(1...n,,) [ 5)) = Zzll (320 + A7 (%0327 (Xo52,) : OB . . I8 '
of the concentration are located within this same domain. n. (x) e

| ) , ) o | e | 0 Cond. Sims
Three example plume simulations and the average over all 1000 plumes are where: Z;Lf A =10 Simulations Conditioned to Data © ] coonk
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to the ordinary kriging system. The spatial covariances are derived from —_— ! — R — i interval are accurate and Probabily Intorva '
variograms calculated and modeled for each indicator threshold. In tegra ted Da ta and Slmula tlons this condition only occurs

In the example problem, eight thresholds are defined in log10 concentration . - - = . for the integrated _
space as shown below. The first threshold, -2.0, corresponds to the , ) - ) b ) sample/model results.

detection limit of the sample data. .l N qN : ) None of the approaches realizations (histograms) and the
| adequately capture the ground truth value of 6.54 (red line) in

Color scale shows Log10 concentration values Thresholds: [-2.0, -1.85, -1.75, -1.55, -1.0, 0.5, 1.25, 2.15] widest probability intervals.  the images above.
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