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Summary Basics of STRF Methodology Space Requirements for Traditional STRF Implementation Case Study: MENTOR/SHEDS-1A Application for
Context: Spatiotemporal estimate from available data, as X (s,.,t,) = > 4X(,.t) _ the Philadelphia/Camden Region
= Ambient air quality information is often needed at high resolutions ) m i1 Compressed CMAQ outputs storage per species 0.427 GB _ -
« Higher than the typical 4km x 4km or 2km x 2km resolution of ~ Subject to Zf/llP(si,ti) =PG0t) 76 x 82 Memory required per species 0.437 GB ig\\ s /
the results from photochemical air quality models Estimation error (or residual) vector: Y = X — X Grid Cells Memory required for storing (x.1.c) 4-tuples py—— ka3 .
= Usually at the census tract level (less than 1km x 1km area) . . . L . ) - ) i
. Optimum estimates are obtained by minimizing error variance : o, = E[X-X] Memory for 4-tuples and distances per estimation point 2,620 GB !
Possible Approaches: ) _
< Running local scale models using result of grid models Polynomial covariance used here : k,(r,z) = c6(r)6(z) - a,z6(r) =byr6(z) + agr <y
. ) . . Compressed CMAQ outputs storage per species 1.543 GB ) Ll
= Requires fine scale details of meteorology and emissions AN
= Spatio-temporal interpolation techniques ; i . 150 x 150 Memory required per species 1577 GB = A ¥
- " Spatio-Temporal Random Field (STRF) theory (Vyas & Christakos, /1 JCTItNM for Traditional STRF Implementation — gyycq, Memery requied o storing (.. +-upies | eSS CE RN T
1997) « » ® s
. . - Data Memory for 4-tuples and distances per estimation point _ e
+ Bayesian Maximum Entropy (BME) (Serre & Christakos, 1999) (measurements o calculations from model ;
Current Limitations: Start outputs that need to be interpolated) ) o ) ) - ‘_‘
- Computationally demanding/impractical to use first node : : The space requirements for the traditional |mplemen_tat|on_ of STRF are —
- STRF and BME designed for “irregular data” (n=1) : aeeed res!SIttesriF:IO:::r%T)ry prOthlt!Ve, and fo_r some data sets (e.g. an annual _s,lmulatlon resu_lts at
« Therefore, potential optimizations for “grids” have not been i ' hourly time resolution and 4 km x 4 km spathl resol_utlon, corresponding to _ _
used so far Next node A R A 76 x 82 cells), the STRF method cannot be applied as is. « Year long simulation for the year 2001 (performed by USEPA-ORD)
= 1 S S . . i . . o i . . . .
Algorithmic Improvements: (=nd d ' : As part of this work, in the initial stage, some minor optimizations were CMAQ model with a nested grid (36, 12, and 4 km resolutions)
- Utilizing the space and time symmetry properties of regular grids e values intocal B Determine estimates and performed, which allowed the application of the STRF method, and the time < 4 km x 4 km resolution around the Philadelphia, PA region
- Caching and reusing prior calculations of neighbors and distances n < MaxNodes e ?feighbgrhooc; : ( ICATI ) requirements were of the order of several weeks. « Grid Model: Emissions-based modeling of 20 air toxics in addition
or node “n” [l (store results for node “n” : : H :
Motivation for Spatio-Temporal Interpolation : The method presented here incorporates those optimizations and includes to ozone (CMAQ with the toxics version of the SAPRC99 mechanism)
P P P RO R additional optimizations that reduce the time requirements for the entire = Need: Census-tract level concentrations for all species for entire year
e Census tract level concentrations are required for population ' process to about 10 hours. - Method: interpolate 4 km x 4 km model results using the STRF
exposure calculations using models such as MENTOR/SHEDS-1A save interpolated  J Cz'f:’lzz‘fo't%ﬁ'pgrr‘;fr Solve for kriging
= In densely populated urban areas, census tracts are much smaller R continuity weights Algorithmic Improvements in the Current Implementation
than 4 km x 4 km in area. Regional photochemical air quality models : 9 P P Example Results
such as CMAQ are usually not run at more than 4 km x 4 km resolution l T
- i i i i Results of Estimate local Construct
Slmultapeous treatment of spatial and temporal domains p_erml.ts spatiotemporal overionee spatiotemporal
evaluation of spatial factors as well as temporal evolution in interpolation parameters kriging system P
observed or modeled data model output

. . . . . concentrations
e Spatio-temporal interpolation techniques such as STRF (Spatio-

Temporal Random Field) and BME (Bayesian Maximum Entropy) offer
a promising solution for obtaining air quality concentration
distributions down to the required census tract level

Cached

The traditional algorithm for STRF is geared towards “irregular data”
Computations

(in either space or time), thus the process of finding “neighbors” is
repeated for each point in space and time (“node”).

Perform
STRF
Calculations

Partition the
search space

.. . - . . Utilizing Spatial and Temporal Regularity of
Individual/Population Exposure/Dose Estimation using MENTOR/SHEDS-1A . . . .
-~ p ey R— g Photochemical Air Quality Grid Model Results
i.a, Emissions: N N ; State; Processing wit ii.a. Emissions: EMS-HAP

SMOKE, (EMS-HAP, MOBILE, NONROAD, FAAED, BEIS), etc. L | lar Spatial/ | lar Spatio- I
N 2 ] 4 = ii.b. Local Meteorology — Local rregular Spatial/Temporal Data  Regular Spatio-Temporal Data
i.b. Meteorology: NWS, NCDC; Modeling MM5, RAMS, Effects: RAMS, FLUENT

(e.g. Matlab NetCDF interface)
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CALMET Land Use/Land Cover: NLDC (USGS) gy
< Air Quality Model Outputs
R |
1, Estimate back d 2, Estimate local outdoor pollutant 3. Estimate levels and t I — (6.9 NetcDF format CMAQ Estimation point
» Estimate backgroun r 3 imate levels and tempora
levels of air pn!ilutants levels that characterize the profiles of pollutants in \rarions D 7 7 o cutputsionetorieachiday) coordinates Oquuts_at
through either: ambient air of an administrative microenvironments (streets, e e T (location and estlrr_latlon
. multivariate I g:&masm::ﬁ)“a res::ence:, ofﬁ;g:sr, S B A i & < - time) points
spatiotemporal analysis ienthy restaurants, vehicles, etc. g == z s e e
of monitor data through either through either
. emissions-based ai a. spatiotemporal statistical a. regression of observational e itionina”’ i L ing”’ ;
quality modeling (with analysis of monitor data data e e The hbpa;t't'(‘;n'“g cr)]f the gel%hborhood spacle gnd_ caching O; Census tract level estimates of formaldehyde and benzene
madels: Models-3] i e ey e i et B oo T neighborhood ~searches and distances resulted In savings o concentrations for 10 am on Jul 18, and Jan 24, 2001, respectively
CMAQ, CAM-x and <. physical “corrections” of the aerosol chemistry models e vt = ” computational time from order of several weeks (in addition to using the STRF method. The results from the CMAQ model run at
REMSAD) estimates of the regional d. detailed combined chemistry 7. Biologically several manual “pre-processing” steps) to about ten hours; in this ; ) i i
Calculate s & CFD models. Calculate Based " P Ipt i 9 . g ; 4 km x 4 km resolution were used to obtain these estimates.
Potential Exposures/ el = process, most manual steps eliminate
St Intakes Tissue Dose i i s
E:po:::es . Characterize attributes of 5. Develop activity event (or . Calculate appropriate Hogcting — I""A" . . - .
populations (geographic expasure event) sequences for inhalation rates for the Ongoing Testing and Evaluation of the new SRTF Implementation Acknowledgements
¢ ity, age, gender, race, eaclulmémber!ogthe s-amﬂ:rtr mem::etfsofthebt?all'np!:!h { ) . . )
i , et each co or ation co nin Time Time. - . -
ar..::e';::ti'i:e)d-size sample rlfepue:po:':gpe:iod through :ag:iologi_cgl ;nt‘t:ibu?es :r the o~ ] o - Ongoing wo_rk evaluates utility of _STRF in interpolating coarser scale model runs as Base Funding for the Ozone Research Center is Provided by the State of
population that ither ERAY ST Rk A an alternative to model runs at finer scales New Jersey Department of Environmental Protection. The work
statistically reproduces a. existing databases from activities pursued during the s East—— . . . ' ¢ - v
CERANAL e wiogrH pliste ?&Tﬂﬁ::’ pas‘lm:;)& individual exposure events « CMAQ model runs at 36 km, 12 km, and 4 km resolutions are being used for this Ppresented here has been funded by a University Partnership Agreement
b divida poplation of b. study-specific information Spatio-temporal internolation for cases involvin evaluation; current improvements in STRF facilitate such evaluations with large ~(UPA) Petween the USEPA and EOHSI (Cooperative Agreement #831625).
interest into exhaustive (special registries) N p p N p 9 ts of del It
set of cohorts irregular spatial/temporal data versus regular sets or model results References
spatio-temporal data. When regular data are Sensitivity analysis of the STRF algorithm
H H A A R . P.G. Georgopoulos, S.W. Wang, V.M. Vyas, Q. Sun, J. Burke, R. Vedantham, T.
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CHAD, NHAPS O e sl such as CMAQ), algorithmic optimizations can be

. . L . . . . utilized in order to perform spatio-temporal
Steps in estimating individual/population exposures using MENTOR/SHEDS-1A [Modeling ENvironment for interpolations in a practical time frame. Empty
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to cover all quadrants in spatlo-temporal space around the “node ) M. Serre and G. Christakos, "Modern Geostatistics: Computational BME in the Light of

TOtal Risk studies (MENTOR) using the Stochastic Human Exposure and Dose Simulation (SHEDS) approach  circles denote measurements, and filled circles © for cases involving missing neighbors gncertaan ng;_iclfLKnowledgtela--ngg(Eg;;)s Beds Study,” Stochastic Environmental
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in a “One Atmosphere” (1A) setting] (Georgopoulos et al., 2005): Step 2 involves estimation of local level  (plack) denote the points at which the Case studies will focus on small spatio-temporal domains for multiple species UM, Was and 6. Christakes. “Soatiot | Analveis and Maoing of Sulfat

outdoor concentrations. The STRF method can be used for spatio-temporal interpolation of model results. trati I ded . - - o Andaliong il oo dasttullsabaiatic el e
concentration values are needed. - Initial set will involve ozone, formaldehyde, benzene, and carbon monoxide Deposition Data Over Eastern USA," Atmospheric Environment 31, 3623--3633 (1997).



