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WHAT IS A MODEL ?

º Simplified, 

conceptualizing, 

abstract view of 

complex 

phenomena

· Abstract: degree 

of uncertainty or 

interpretability

º A model 

represents objects, 

mechanisms, and 

physical processes 

in a logical or 

empirical manner 
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WHY MODEL ?

º Amplify thought processes ðcommon sense rule

º Decision making - prioritization

º As a substitute for unknown data and much may be 
unknown

-direct measurement and surveillance 

º Cost

º Time

º Provides a means for deducing and extrapolating 
information

º Feasibility 

· Cant measure exposures for everyone in all populations

º Simulation

º Visualization

º Manipulation of parameters 

º Estimation of exposure or dose ht t p: / / www. chec. pi t t . edu
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MODELING IS A TOOL

º Thinking is the 1 st step - CSM
· Looking to make decision not find a òtruthó

· Complex v. simple
º Threshold effect ðInformation by benefits??

· I.e. Policy based, health care

º Computer as a thinking, hypothesis generating tool
· Epistemic ðhypothesis testing

º Forcastic ðpredicting conditions

º Hindcastic ðretrodictive
· Reliability to recreate historic contamination

· Always will be seen as a òwin-winó

º We can benefit by telling the public what we can and 
canõt do as modeling can be a very powerful tool

º Disclaimer - Modeling has very ostentatious public 
perception



TYPES OF MODELS

ºQuantitative

ºQualitative

ºDeterministic 

ºStatistical 

· (black box)

ºMechanistic

ºEmpirical

ºPartionioning

USAEPA acknowledges and has in use hundreds of 

environmental models in its standards and policy based 

decision making processes

See: http://www.epa.gov/epahome/models.htm

ºDynamic

ºStatic

ºMixed 

ºConceptual

ºPredictive

ºRetrodictive

ºStochastic



MODELING FOR EXPOSURE

ºUsually predictive models, but also hindcastic

modeling is performed for E.A.

º 3 Types: Deterministic, Statistical, Mixed

Transport and fate, human activity pattern, 

human exposure models, stochastic 

Direct measurement, monitoring, emission 

inventories

Defined by the population or health endpoint 

Data Collection

Predictive 

Models

Exposure & 

Dose Estimates
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EXPOSURE V. DOSE

What is the data source units to be modeled for exposure?

ðconcentration over time? Ie. ug/m3 SO2 over a 24 hour period



MODELS AS MEANS FOR ASSESSMENTS
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EXPOSURE ASSESSMENT ASSUMPTIONS

ºEA rely implicitly on the assumption that 

exposure can be linked to ambient concentrations 

in air, water, soil, etc.

ºAssessment requires the determination of how 

much of a contaminant crosses the route of 

exposure boundary to the receptor

ºComplexity increases immensely

ºReasoning that most of the transport models are 

single media models, ie air, groundwater, surface 

water, soils



MENTOR

ºGeorgopoulos and Lioy (2006) presented a 

theoretical framework for exposure analysis, 

including multiple levels of empirical and 

mechanistic information while reducing 

uncertainties

ºMechanistic source -to-dose framework:

·Modeling Environment for Total Risks (MENTOR)

ºPerson Orient Modeling (POM)

ºUSEPAõs SHEDS (Stochastic Human Exposure 

and Dose Simulation 
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MENTOR 

PROVIDES A GOOD PROCESS FRAMEWORK

1) Characterizing background levels by combining 
model predictions and measurement studies

2) Characterizing multimedia levels over time in 
varying environments and populations

3) Selecting sample populations that statistically 
reproduce demographics of relevant population units

4) Develops human activity models that match USEPAõs 
CHAD

5) Calculate intake rates for sample members

6) Combining intake rates from multiple routs to assess 
exposure

7) Estimate target tissue doses with physiologically 
based toxicokinetic modeling ( Georgopoulos and Lioy
2006) 



EXPOSURE FACTORS

ºMust define parameters and categories of 

environments encompassing activity models

· Exposure duration

· Averaging time

· Time -activity patterns

· Human factors ie. Weight

ºVariability ðtrue heterogeneity across people, 

places or time

ºUncertainty ðrepresents lack of knowledge



DOSE MODEL

ºMagnitude of dose is the amount of constituent 

available at the human exchange boundaries over 

a specified period of time

ºOnce concentration is assumed constant over 

time, population averaged -potential dose can be 

expressed as an average daily dose

ºPhysiological based pharmacokinetic models

· Distribution of contaminants that enter the body and 

distribute to locations within the body

·Metabolism, excretion mechanisms etc.



VALIDATION

ºRemember abstractions of reality..

ºMust examine results to make sure the model is 

capable of providing useful information

ºComparing predicted values to values in the field 

is best in validating

ºCan also compare within the model or to other 

models which is not as powerful

ºStatistically, no validation is needed if sample 

size is appropriate, except when extrapolating to 

other populations



OUTDOOR AIR

º Transported from sources by advection and 

dispersion

ºAssumptions: concentrations are proportional to 

emissions outputs (TRI) and inversely 

proportional to dispersion

ºMeteorological effects: wind direction, velocity, 

turbulence, precipitation, and stability of 

substituent

ºMany models use Gaussian dispersion model





WATER

º Exposure by ingestion, dermal, inhalation

º Transport of contaminants in surface water are 
assumed to move by physical transport and 
transformation (mechanistic)

º Many surface water models incorporate a water 
balance models:

· Mass balance equation

· P = Q + E + ǤS
P = precipitation, Q = runoff, E = Evapotranporation , S = storage capacity 

(saturation)

º Ground water models can be 1 -D or 3-D and can 
incorporate solute movement by hydraulic gradient, 
advective and dispersion and also retardation factors, 
ie. Adsorption

ºDarcyõs Flow models
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SURFACE WATER

º Topographic index is a simple example of 
hydrological modeling first developed by Kirby 
and Weyman (1974) (Beven, 1997)

ºK = a/tan Beta

·Where K = the soil -topographic index

·Where a = area draining through a point from 
upstream

· Tan Beta = local slope angle

· All values of same index are assumed to act the same 
so looking to calculate differences

· A high index indicates high area draining through a 
point, a low slope angle and a higher degree of 
saturation

· Simple and easily visualizing

· TOPMODEL



DETERMINISTIC AND STATISTICAL

MODELS

ºMajority of environmental modeling is regression 

analysis

· Dependent and Independent variables

· Effect on dependent by changing independents

·What is the relationship?

º Interpolations

· Takes known sample points at different locations and 

creates a continuous surface (prediction model)

· Relies on the theory of similarity of nearby points 

(ToblerõsFirst Law)

ºRaining in S. Side, greater probability its raining 

Downtown
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DETERMINISTIC METHODS

ºUse only mathematical functions for 

interpolation or logical expression of physical 

environment

ºAmount and distribution of sample points 

depends on the character of the data 

· Trends, variability

º Inverse distance weighting accounts for weights 

of data points in relation to distance

· Closer points to prediction point carry more weight



DETERMINISTIC

º Goal is to minimize error of prediction points

º By fitting a plane (polynomial) between sample points

º Subtracting each measured point from predicted value on plane, 
squaring it, and adding results together gives error value (least -
squares regression fit)

1st Order fit

2nd Order 

fit
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STATISTICAL MODELS

ºStatistical is critical to all stages of exposure 

assessment

· Data collection to determine sample 

· Determine characteristics of exposure

· Hypothesis testing

· Relationships between ideal measurements

·Generalize results to other populations

·Quality assurance

ºMany exposure measurements are lognormally

distributed (right skewed)



GEOSTATISTICAL

º Statistical models of spatial 
autocorrelation

º Provide not only predictions but 
certainty or accuracy of 
predictions and tools to 
manipulate

º Kriging is a linear least -squares 
algorithm
· Weights points like IDW but also 

on the overall spatial arrangement  
(autocorrelation)

· Semivariogram ðmeans to explore 
relationship of distance and 
measurement difference

Semivariance = Slope * Distance

Quantify autocorrelation: pairs of 

locations that are close (far left x axis) 

should have a smaller variance (low on y 

axis)
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