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Overview
What is the Human Exposure Model (HEM)?

Why do we need HEM?

How does HEM work?

What’s new in the most recent HEM version 
(HEM4)?
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What is HEM? 

Inhalation Exposure Modeling System
◦ Used to assess risks from multiple air toxic emissions 
◦ Regulatory uses – Risk and Technology Review analyses
◦ Non-regulatory uses – Past NATA analyses, special projects 

Uses the AERMOD dispersion model to estimate 
pollutant concentrations

Uses health reference values and Census data to 
estimate individual risks and population risks
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Why do we need HEM?
We need to model:
◦ Many facilities (for example, for EPA’s RTR program)

◦ Some source categories can have >1000 facilities
◦ Many pollutants (HAPs)*

◦ Some source categories emit > 100 HAPs
◦ Specific receptors

◦ Census block locations (for chronic exposures) are included in HEM

We need to estimate:
◦ Maximum individual cancer risk (MIR)
◦ Maximum chronic non-cancer hazard indices (HI)
◦ Cancer incidence
◦ Population risks (numbers of people in certain risk ranges)
◦ Maximum acute non-cancer hazard quotients (HQ)
◦ Each metric for baseline and control scenarios

* AERMOD is run for a single-pollutant
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How does HEM work?
HEM creates an AERMOD-ready input file using spreadsheet input files 

• Emissions from multiple source types including: point (vertical, horizontal, and 
capped), volume, area, polygon, line, and buoyant line 

• Receptors:
• Census block centroids - for chronic exposure and risk - assumes 24/7 and 70 years

exposure
• Block information (location, population, elevation) included in HEM

• Polar receptors - for acute exposure where people may be for short periods and to 
interpolate concentrations/risks for distant Census blocks

• User-defined receptors – nearby residents, schools, monitor sites…

HEM runs AERMOD - EPA’s preferred dispersion model (40 CFR Part 
51 Appendix W) - as a compiled executable program

HEM post-processes AERMOD-created output files to predict exposure 
and risk metrics for multiple pollutants and facilities at numerous census 
block, polar and user-defined receptors. 
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HEM Schematic
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•Minimum Inputs:
•Emissions
•Release Parameters
•Census Block Locations 

(Built-in)
•Met Data

(User or Built-in)
•Optional Inputs for:

•Building Downwash
•Time-Varying Emissions
•Deposition/Depletion
•Other

Pollutant Dose-Response Values
Census Block Populations
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AERMAP

AERMET

BPIP

AERSURFACE

AERMOD Components

AERMOD

Receptor Elevations

Building Data – Heights, Widths, etc.

Building data from BPIP or existing AERMOD 
I/O files (convert to Excel format)

HEM has elevations for all 
Census blocks

SFC and PFL Met Files

HEM has a library of met 
data of over 800 stations

Surface Characteristics
Surface characteristics at 
each met site location



AERMOD Options in HEM
AERMOD HEM Comment

User-supplied met data YES If not user-supplied, met library used

Time-varying emissions YES Allowed AERMOD variation factors: 
SEASON, MONTH, HROFDY, SEASHR, 
SHRDOW, SHRDOW7, MHRDOW, and 
WSPEED

Building downwash YES

Deposition/depletion YES

Urban or rural YES Option to let HEM determine

Multiple urban areas or 
rural and urban areas in a 
single run

NO These are not typical scenarios

Terrain YES Database built into HEM

Capped/horizontal,  
open-pit sources

YES,
NO

Yes to Capped/horizontal; No to open pit, 
which rarely appear in our modeling. 

Pollutant decay NO App W: “Chemical transformations are 
generally not treated by AERMOD…this 
option is typically not used in regulatory 
applications.” 8



What’s new in HEM4?
All functionality in one tool
◦ Previously, there were two HEM models and multiple post-processing tools

Open source – Python
Can be used anywhere in the world
◦ Previous versions could only be used for US modeling (outside the US 

requires met data and receptor data be provided by the user)

Graphical Outputs
Additional options
◦ User can revise census block dataset to move/remove blocks as needed
◦ Allows period averages for partial year or multiple years
◦ Allows both Method 1 and Method 2 particle deposition
◦ Allows facility-specific acute “hivalu” other than the max hour (e.g., 99th

percentile)
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What can HEM be used for?
Model an individual facility
◦ Concentration and risk estimates at census blocks, monitors, schools, user-defined receptors, etc.
◦ Deposition outputs to use in multipathway assessment

Model a facility cluster
◦ Concentration and risk estimates for each facility
◦ Cancer incidence, population risks, and overall max risk location based on contributions from all facilities

Model a community
◦ Consider multiple source types, including stationary, mobile, etc.

Model a source category across the US
◦ EPA does this for the Risk and Technology Review program

Model facilities outside the US
◦ User would need to supply receptor and meteorology data

HEM4 can be found on the EPA’s FERA website:
◦ https://www.epa.gov/fera/download-human-exposure-model-hem
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https://www.epa.gov/fera/download-human-exposure-model-hem
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HEM4 System
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HEM4’s Required Input Screen
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HEM4’s Required Input Screen
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HEM4’s Required Input Screen
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HEM4’s Required Input Screen
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HEM4’s Risk Summary Report Screen
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HEM4’s Tabular Output
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HEM4’s Graphical Summary Charts
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HEM4’s Output Chronic Facility Risk Map
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HEM4’s Output Chronic Facility Risk Map
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HEM4’s Output Acute Facility Risk Map
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HEM4’s Graphical Summary Map
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HEM4

Contacts:
Mark Morris (EPA) – morris.mark@epa.gov
Ted Palma (EPA) – palma.ted@epa.gov
Matt Woody (EPA) – woody.matthew@epa.gov
SC&A - www.scainc.com; 919-484-0222

HEM4 can be found on the EPA’s FERA website:
https://www.epa.gov/fera/download-human-exposure-model-hem

mailto:morris.mark@epa.gov
mailto:palma.ted@epa.gov
mailto:woody.matthew@epa.gov
http://www.scainc.com/
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