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Outline

* Theoretical background
* USEEIO overview
 Technical infrastructure
« Current work

* Planned future work

« Model resources

« Contributing
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Theoretical Basis: Input-output modeling

USEEIO



SEPA " BEA

United States

BUREAU OF ECONOMIC ANALYSIS

Environmental Protection
Agency

Input-output modeling

« Economic modeling based on input-output tables

* Detailed (~ 400 industry) Make (industry-by-commodity)
and Use (commodity-by-industry) tables released every five
years based on Industry Census data

- Combined with IO techniques they can be used to estimate
direct and total economic requirements

« Used to model direct and indirect economic effects
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BEA Make and Use (highly aggregated)
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Nodes are BEA commodities; lines are $ inputs

USEEIO
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Visualization of links between sectors in USEEIO only showing links of purchases $0.05 or more per$1 output another commodities. 
The IO data are extremely useful in revealing the network of the economy… its complete with all goods and services consumed with exchanges between them
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Environmentally-extended input-output
modeling

* Direct environmental releases or resource use (stressors)
associated with sectors can be linked to the economic
input-output data, and used with indicators
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Jobs or other information for calculating socio-economic indicators can be handled the same way if data are available
Value-added is ignored here
C, not pictured, is an indicator by stressor matrix 





<EPA

Unlted States
nmental Protection
Agency

Model Overview

=



o
\7
United States
Environmental Protection

Agency

« An environmentally-extended input-output model of the US
* Level of resolution: 385 goods and services
« 1875 unique releases or resource types

« 20 environmental, resource and socio-economic impact
indicators

« Pulls in TRI, NEI, GHGI, DMR, RCRAINFO + USGS/USDA/EIA
data, other public sources

—> 9 million data points processed
- Formal data quality characterization
* Open source data and modeling framework
«v1.1 is the most current model release

_ 9



<EPA

United States
Environmental Protection

Basic model formula

Environmental data paired

with economic output Core economic
transaction data

A = commodity x commodity direct requirements matrix (made from IO table)
B = Satellite tables, elementary flow x commodity matrix

C = characterization factor x elementary flow LCIA matrix

f = commodity final demand vector
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Between ff and ffm, we have the food system models from cradle-to-gate
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USEEIO — Economic Underpinning (A)

« Use Bureau Economic Analysis 2007 detailed make and use data
before redefinitions

» Perform scrap adjustment

« Commodity x commodity direct requirements matrix and
industry-technology assumption'

1 Suh et al. 2010. Generalized Make and Use Framework for Allocation in LCA Journal of Industrial Ecology

USEEIO
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Environmental Satellite Tables (B)

- Satellite tables begin with publicly-available data from government
sources

EPA —

/

US Department
P <

of Agriculture

=
US Geological * Minerals Commodity Survey: Mineral use
Survey
/

Energy
Information <
Administration

Other <

Y4

e National Emissions Inventory: CAPs and HAPs
e Toxics Release Inventory: Toxic substances

e Greenhouse Gas (GHG) Reporting Program: GHGs

e Discharge Monitoring Report: Nutrients and toxic
substances

e Agricultural Chemical Use Program: Pesticides and

nutrients
e Census of Agriculture: Land occupation

e Farm and Ranch Irrigation Survey: Water withdrawal and
release

e Monthly Energy Review: Energy use

e Major Uses of Land in the United States (Nickerson et al.,
2011): Land occupation

e Water Use in the United States (Maupin et al., 2014): Water
release and withdrawal
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Exchanges

Example satellite table

GLYPHOSATE POT. SALT TOS01121, 39 waker unspecitied Qilzeed Farming | 111140 EIGE-05 |kg Triangul 000011 |3 1 1 1
Aikrazine 1912243 waker unspecified Girain Farming TED LS G.6GBE-06 |kg Triangul 3.6E-06 13E-06  [138E-05 (3 1 1 1
Glyphos ate-isopropylammonium | 38641940 | water unspecitied Qilzeed Farming | 111140 LS 2. 78E-05 |kg Triangul 2.8E-05 2.77E-O07 [H.OBE-O5 (2 1 1 1
Auzetochlor J42BE521 | waker unspecified Girain Farming TED LS E.OFE-0E |kg Triangul 6.1E-0& 8.72E-OF [9.98E-06 (3 1 1 1
Metam-zodium 137428 waker unspecitied ‘Wegetable and mel| 111200 LS 2.24E-05 |kg Triangul 2.2E-05 4 12E-08 [9.03E-05 (2 1 1 1
Glyphosate-isopropylammonium | 38641340 | waker unspecified Girain Farming TED LS 1.9E-05 kg Triangul 1.9E-05 J.34E-07F [3.59E-05 (3 1 1 1
Mletolachlor 1213452 | water unspecitied Girain Farming T1ED LS 4 E4E-08 |kg Triangul 4.6E-0& 2.03E-07 [2.15E-05 (2 1 1 1
GLYPHOSATE POT. SALT F0A01121, 39 water unspecified Girain Farming e s 147E-05 kg Triangul 1.5E-05 J4FE-O7 |274E-05 |3 |1 1 1
Sulfuric acid TEE4939 | watker unspecitied ‘Wegetable and mel| 111200 LS 2.2BE-08 |kg Triangul 2.3E-08 213E-08 [118E-05 (2 1 1 1
MIMERAL DIl SO0GETS | waker unspecified Fruit and tree nut H 111300 LS 0 kg Triangul 0 I 0 4 1 1 1
Sulfur 7704349 | watker unspecitied Fruit and tree nut £ 111300 LS 3E3E-07 |kg Triangul 3.6E-07 I 19EE-06 |3 1 1 1
OICHLOROPROFPEME B42THE, 100 water unspecified Wegetable and mel| 111200 s 1.26E-06 |kg Triangul 1.3E-08 1.22E-09 |10OEE-0% |3 |1 1 1
Sulfur 7704349 | watker unspecitied ‘Wegetable and mel| 111200 LS 127E-07 |kg Triangul 1.3E-07 I 342E-07 |3 1 1 1
Glyphosate-isopropylammonium | 38641340 | waker unspecified Other crop Farming 111300 LS H.F7E-06 |kg Triangul 5.8E-06 S.17E-19 [1ESE-O5 (3 1 1 1
Glyphosate 1071336 waker unspecitied Girain Farming T1ED LS 4.09E-08 |kg Triangul 4.1E-0& 9.72E-08 [Y.ERE-OE [2 1 1 1
Aikrazine 1912243 waker unspecified Girain Farming TED LS +EE-OF  |kg Triangul 4.6E-07 243E-07 [V.03E-OF (3 1 1 1
Glyphosate 1071336 waker unspecitied Qilzeed Farming | 111140 LS 4 34E-08 |kg Triangul 4.3E-0& 194E-07 [7.BRE-OE [2 1 1 1
METHYLCARBAMODITHIOIC A 137417 water unspecified Wegetable and mel| 111200 s BEE-07 kg Triangul 8.5E-07 8.94E-09 |394E-06 |3 |1 1 1
Ethephan 1BET2E70 | waker unspecitied COther crop Farming 111300 LS 4 RIE-O7 |kg Triangul 4.5E-07 I 104E-06 |3 1 1 1
GLYPHOSATE POT. SALT F0A01121, 39 water unspecified Girain Farming e s 1.7BE-06  |kg Triangul 1.7E-0F 18E-07  |3.88E-06 |3 |1 1 1
MIRERAL QIL S00BETY | watker unspecitied Fruit and tree nut £ 111300 LS 0 kg Triangul 0 I 0 4 1 1 1
Mletolachlor 1218452 | waker unspecified Qilzeed Farming | 1111480 LS 1.28E-06 |kg Triangul 1.3E-06 2.38E-07 [192E-06 (3 1 1 1
Glyphos ate-isopropylammonium | 38641940 | water unspecitied Girain Farming T1ED LS 1.79E-0E |kg Triangul 1.2E-0& H38E-08 [33E-08 (2 1 1 1
Glyphosate-isopropylammonium | 38641340 | waker unspecified Girain Farming TED LS 1.E3E-06 |kg Triangul 1.6E-0& 1.0BE-OF [3.E4E-OE [3 1 1 1
Fropanil 709988 waker unspecitied Girain Farming T1ED LS 372E-O07 |kg Triangul 3.7E-0F I 2.89E-08 |3 1 1 1
24-0, 2-ETHYLHESYLESTER | 1928434 [water unspecified Ciilzeed Farming | 111140 s BAZE-06 |kg Triangul 5.8E-08 39E-0F 1OYE-O0R |3 |1 1 1
Mletolachlor 1213452 | water unspecitied Girain Farming T1ED LS 207E-07 |kg Triangul 2.1E-07 189E-08 [3.39E-07 (2 1 1 1
b antants _ Fyrhannse ramnilad kdain WA Camnilad kdain Lir [ 4
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USEEIO: Blue nodes are commodities; red hazardous waste types
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A network of USEEIO with only the hazardous waste sector
Use this network demonstrate how you can calculate very comprehensive estimates of potential impact
USEEIO has 1875 flows types in B. Only about ~50 haz waste types pictured here
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USEEIO Indicators (C)

- Potential Environmental Impacts — acidification, respiratory
effects of criteria pollutants, carcinogenic and non-
carcinogenic toxicity effects, climate change, eutrophication,
freshwater ecotox, smog formation, ozone depletion

* Resource Use — water, land, minerals

- Environmental Releases - HAPs, metals, pesticides

- Economic & Social indicators — value added, jobs

- Waste Generated — Hazardous waste*, MSW?*, Food*, C&D*
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Final Demand (f)

» Model results are scaled by final end-consumer
(governments or household) demand for goods and
services

« Demand is in the form of Production and Consumption
— Consumption = Household + Government + Investment

— Production = Consumption + Exports - Imports

"6
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Level of Detail and Data Quality

e Built with > 10 million data points
 Consulted curators/stewards of datasets on best uses
« Avoided double counting in case of overlap

« Applying USEPA LCA Data Quality
Assessment guidelines to score data quality

at the flow level for the datasets

USEEIO
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We processed very large data bases including the national emission inventory with 7 million, TRI with 250K, DMR with 65,000.

Avoided TRI emissions






USEEIO: Technical Infrastructure
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Pull requests  lssues  Marketplace  Explore

[ USEPA / USEEIO @urwatch~ | & | | WiUnstar | 1 | YFork | 0
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\" P <» Code ssues 0 Pull requests o Prajects @ Wiki nsights

United States
Environmental Protection VU= Envirenmentally-Extended Input-Cutput Modeling Framework

Agency
D 2 commits ¥ 1 branch “r Orzleazes 23 2 contributors

Branch: master = Mew pull request Create new file | Upload files | Find file

Bl wesingwersen version 0.1 beta Latest commit ascseas 14 days ago

R Version 0.1 beti 1

[ Version 0.1 beta 1

W example Version (L1 beta 1

i uszssiopy Version (L1 beta 14 days ago
.gitignore Version (L1 beta 1
LICENSE.md Version (L1 beta 1
README.md Version (L1 beta 1
setup.py Version (L1 beta 1

EE README.md

United States Environmentally-Extended Input-Output
(USEEIO) Modeling Framework

A modeling framework for creating versions of the USEEID model for estimating potential impacts of goods and services in
the US economy in approximately 400 categories. This framework supports the Sustainable Materials Management program
at US EPA {wenw.epa.gov/smm), but may also be useful for other purposes. It is built using a technigue from life cycle
assessment (LCA) that combines industry economic data with data on environmental releases and resources used. A
background and description of USEEIO can be found in the following publication:

* Open source framework (R and Python)
https.//www.github.com/usepa/useeio
« Supports model transparency, and model variations

= developed and maintained by others
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Current Work (FY19)

- MSW, CDD, and Haz waste satellite tables + indicators

* Food subsystem final demand

* Detailed state models in 2-region form (state, RoUS)

« Major USEEIO framework update to increase flexibility,
simplicity

* Incorporate 2012 detailed 10 tables

« Update year of EPA-based satellite tables
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Planned Future Work

« Framework for scenario analysis
« More explicit material and waste tracking

e Link with a global MRIO model

* Improved waste modeling
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Model Resources

Documentation

Environmental Extensions (v1.1)
-Satellite tables
-Indicators and their factors

Model components and results in matrix format (v1.1)

Full model in openLCA format

Model code base

T
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Model links for v1.1

https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=336332
https://catalog.data.gov/dataset/useeiov1-1-satellite-tables
https://catalog.data.gov/dataset/useeio-v1-1-elementary-flows-and-life-cycle-impact-assessment-lcia-characterization-factor
https://catalog.data.gov/dataset/useeiov1-1-openlca
http://github.com/usepa/useeio/

USEEIO Current and Former Team Members

*Wesley Ingwersen (EPA, Technical
Lead/Programmer/Modeler)

*David Meyer (EPA, Modeler)

*Mo Li (CSRA, Programmer/Modeler)
*Michael Srocka (GreenDelta, APl developer)
*Yi Yang (CSRA)

*Troy Hawkins (ERG)



<EPA

United States
Environmental Protection
Agency

Disclaimer

The U.S. Environmental Protection Agency through its Office
of Research and Development collaborated in the research
described here. It has not been subject to Agency review and
does not necessarily reflect the views of the Agency. No
official endorsement should be inferred
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