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Disclaimer

The U.S. Environmental Protection Agency, through its Office of
Research and Development, funded and conducted the research
described herein under an approved Quality Assurance Project Plan (K-
LRTD-0030017-QP-1-3). It has been subjected to the Agency’s peer and
administrative review and has been approved for publication as an EPA
document. Mention of trade names or commercial products does not
constitute endorsement or recommendation for use.




USEEIO Models

A family of environmentally-extended input-output (EEIO) models of
the US

* Depict environmental and economic performance of all commodities and
industries in the US

* Track ~2000 unique releases or resource types

* Report 20 environmental, resource and socio-economic impact indicator
scores

* Built on >9 million data points

* Include formal data quality characterization of results

* Open source data and modeling framework

* Most recent version (v2.0)

e Overview article in Journal of Cleaner Production (Yang et al., 2017)



https://www.epa.gov/land-research/us-environmentally-extended-input-output-useeio-models
http://github.com/USEPA/useeio

v2.0 Basic Specs

2012 10 data, ~2012-2017 physical flows
411 commodities

2668 flows

23 indicators

* Total US Consumption, Production and Household Consumption vectors
(2012)




v2 New Features

more sectors than BEA

domestic vs. foreign input and result distinction
price adjustment matrices

validation proofs




Distribution

* National Totals by Sector by NAICS-6 datasets in lieu of separate satellite
tables

* harmonization with Federal LCA Commons Elementary Flow List

 additional data provision
 Make and Use tables
* industry and commodity output
* USEEIO<->BEA<->NAICS crosswalk
* domestic versions of matrices
* more metadata



Presenter Notes
Presentation Notes
we are no longer distributing the separate satellite tables directly FEDEFL harmonization allows us to use standard LCIA methods as well
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v2 Minor Changes from vl

e scrap included as a commodity (BEA, 2009)
* 10 data year used as base model USD year (2012)
* U matrix renamed to N




v2.0 availability

1. USEEIOv2.0.1-411 matrices and metadata in Excel
2 . openLCA JSON format Federal LCA Commons

3. Build model in R with useeior: :buildModel ("USEEIOv2.0.1-
4711")



https://doi.org/10.23719/1524311
http://www.lcacommons.gov_
https://github.com/USEPA/useeior/wiki/Using-useeior
Presenter Notes
Presentation Notes
[Ingwersen, Wesley et al. (2021);Li, Mo et al. (2021);]
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Principle Tools for National Model

1. useeior - Model specification, import of econ data, assembly, calculation
2. flowsa - Environmental/employment data preparation
3. LCIAformatter - Indicator data preparation



https://github.com/USEPA/useeior
https://github.com/USEPA/flowsa
https://github.com/USEPA/lciaformatter

Environmental Protection

Comparing USEEIOv2 with USEEIOv1.2

1. Direct impact intensity coefficients (D coefficients)
2. Direct + iNdirect intensity coefficients (N coefficients)
3. Commodity ranking based on total impacts of consumption
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Comparing D coefficients

Acidification Potential (kg SO2 eq/$)
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Presentation Notes
Decrease across the board for CAPs (see reduced AP, SMOG, and PM for Ag and electricity for example). Notable though is an Increase in particulate matter emissions for livestock production. Revised methods for particulate matter estimates in the NEI were implemented since 2011, the data year used in USEEIOv1.1, that better account for emissions of dust from livestock (U.S. EPA, 2018).

https://doi.org/10.6084/m9.figshare.17377805
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Comparing D coefficients (2)

Smog Formation Potential (kg O3 eq/$)
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https://doi.org/10.6084/m9.figshare.17377805

Comparing D coefficients (3)
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Smog formation and Human health - respiratory effects for newly disaggregated sectors relative to original sector (Waste management and remediation) (Young, Ben et al., 2021)

https://doi.org/10.6084/m9.figshare.17377805

“EPA

United States
Environmental Protection
Agency
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Comparing N coefficients (2
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Presentation Notes
When you look at the direct+indirect you can start to see supply chain effects. We saw direct acidification decreases in ag sectors and now we see that benefit propogating into the food manufacturing sectors. An exception is other packaged meat which increased but also matches the exception in the direct increase in ag.

(Li, Mo and Ingwersen, Wesley, 2021)

https://doi.org/10.6084/m9.figshare.17269211
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Presenter Notes
Presentation Notes
This ranking using the same methodology as the EPA’s SMM Tools It uses the totals calculated with the consumption demand vector and final perspective Top 20 commodities by composite impact score for models v2.0 and v1.2 calculated using the total US production demand vector and the direct perspective. Darker shade indicates a relatively higher score. Color of text on the vertical axis follows the color grouping in the key
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Future Work




Near-term

New technology introduction

USEEIO State vl Models

Electricity disaggregation

Model hybridization with process-data




Medium-term

Import GHG coefficients for USEEIO
WARM-USEEIO

Waste Input-Output

Final user component matrices




Long-term

e USEEIO-Global nested model
* Food Waste LCA
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Keep Informed

* Follow updates to the models table on our technical content page and look
for upcoming training opportunities

* watch us on github as we develop new models in useeior
* Email us to request to be added to the USEEIO user email list

Contact Info

General USEEIO inquiries: ceser@epa.gov, add USEEIO in the subject
line



https://www.epa.gov/land-research/us-environmentally-extended-input-output-useeio-technical-content
https://github.com/usepa/useeior

Environmental Protection
AAAAAA

Technical Details of USEEIOvV2.0




Environmental Protection

Model Equations

Refer to the USEEIO Technical Content page OR see commodity-type
model construction equations in Appendix 1 - Model Equations of the

Supply Chain GHG Factors report (EPA, 2020)



https://www.epa.gov/land-research/us-environmentally-extended-input-output-useeio-technical-content
https://cfpub.epa.gov/si/si_public_record_Report.cfm?dirEntryId=349324
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Economic Data Inputs

Name Creator Sources DataYears
Make and Use, Detail, BEA Bureau of Economic 2012
Before Redefinitions, Analysis Industry Input-
Producer Price Output Accounts
Gross Output by Industry | BEA Gross Output By Industry | 2002-2017
Gross Output Chain Price  BEA Gross Output By Industry | 2002-2017
Index
Margins BEA Bureau of Economic 2012
Analysis Industry
Underlying Estimates
Import Matrix BEA Bureau of Economic 2012

Analysis Industry Input-
Output Accounts



Presenter Notes
Presentation Notes
(Bureau of Economic Analysis, 2020)

https://www.bea.gov/industry/input-output-accounts-data
https://www.bea.gov/data/industries/gross-output-by-industry
https://www.bea.gov/data/industries/gross-output-by-industry
https://www.bea.gov/industry/industry-underlying-estimates
https://www.bea.gov/industry/input-output-accounts-data

Updated Environmental Data Inputs

Dataset

National Water Withdrawal Totals By Industry 2015 v1.1

National Criteria and Hazardous Air Pollutant Totals By Industry 2017 v1.1

National Point Source Releases to Ground By Industry 2017 v1.1

National Point Source Releases to Water By Industry 2017 v1.1

National Commercial Hazardous Waste Totals by Industry 2017 v1.1

National Land Occupation Totals By Industry 2012 v1.1

National Employment Totals By Industry 2017 v1.1



Presenter Notes
Presentation Notes
(Birney et al., 2021a, 2021b, 2021c; Young et al., 2021d, 2021a, 2021b, 2021c) Flow-by-sector methods from flowsav0.1 used to create the corresponding national flow totals by sector models

http://doi.org/10.23719/1524312
http://doi.org/10.23719/1524315
http://doi.org/10.23719/1524317
http://doi.org/10.23719/1524316
https://doi.org/10.23719/1524319
http://doi.org/10.23719/1524314
http://doi.org/10.23719/1524318
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Mapped and Reused Environmental Data Inputs

Flows Data Year Ref
Mineral extraction 2014 v1.1 satellite tables
Energy extraction 2014 v1.1 satellite tables

Nitrogen and Phosphorus Releases 2010-2014
from Agriculture

v1.1 satellite tables

Pesticide Releases from Agriculture 2010-2014

v1.1 satellite tables

Commercial non-hazardous waste 2014

commercial waste by industry
totals

Construction non-hazardous waste 2014

commercial waste by industry
totals

Commercial hazardous waste 2015

commercial waste by industry
totals

Value Added 2012

Detail Use Before Redefinitions



Presenter Notes
Presentation Notes
[Ingwersen, Wesley et al. (2019); #ingwersen_useeiov11_2017-1;Bureau of Economic Analysis (2012)]

http://doi.org/10.23719/1365565
http://doi.org/10.23719/1365565
http://doi.org/10.23719/1365565
http://doi.org/10.23719/1365565
https://doi.org/10.23719/1503688
https://doi.org/10.23719/1503688
https://doi.org/10.23719/1503688
https://apps.bea.gov/industry/iTables%20Static%20Files/AllTablesIO.zip
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Indicators - Impact Potential

Name Code Creator Sources
Greenhouse Gases GHG USEPA TRACI 2.1
Acidification Potential ACID USEPA TRACI 2.1
Eutrophication Potential EUTR USEPA TRACI 2.1
Freshwater Ecotoxicity ETOX USEPA TRACI 2.1
Potential
Human Health - Cancer HCAN USEPA TRACI 2.1
Human Health - HNCN USEPA TRACI 2.1
Noncancer
Human Health Toxicity HTOX NA Aggregation of HNCN and
HCAN
Human Health - HRSP USEPA TRACI 2.1
Respiratory Effects
Ozone Depletion OZON USEPA TRACI 2.1
Smog Formation Potential SMOG USEPA TRACI 2.1



https://doi.org/10.23719/1522413
https://doi.org/10.23719/1522413
https://doi.org/10.23719/1522413
https://doi.org/10.23719/1522413
https://doi.org/10.23719/1522413
https://doi.org/10.23719/1522413
https://doi.org/10.23719/1522413
https://doi.org/10.23719/1522413
https://doi.org/10.23719/1522413
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Name Code Creator Sources
Freshwater withdrawals WATR USEPA LCIAformatter FEDEFL
Inventory Methods
Land use LAND USEPA LCIAformatter FEDEFL
Inventory Methods
Hazardous Air Pollutants HAPS USEPA LCIAformatter FEDEFL
Inventory Methods
Pesticides PEST USEPA LCIAformatter FEDEFL
Inventory Methods
Nonrenewable Energy NNRG USEPA LCIAformatter FEDEFL
Use Inventory Methods
Renewable Energy Use RNRG USEPA LCIAformatter FEDEFL
Inventory Methods
Energy Use ENRG USEPA LCIAformatter FEDEFL
Inventory Methods
Minerals and Metals Use  MNRL USEPA LCIAformatter FEDEFL
Inventory Methods



https://doi.org/10.23719/1522414
https://doi.org/10.23719/1522414
https://doi.org/10.23719/1522414
https://doi.org/10.23719/1522414
https://doi.org/10.23719/1522414
https://doi.org/10.23719/1522414
https://doi.org/10.23719/1522414
https://doi.org/10.23719/1522414
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Indicators - Economic, Jobs and Waste Generation

Name Code Creator Sources
Value Added VADD USEPA USEEIOv1.1 - Elementary Flows

and Life Cycle Impact Assessment
(LCIA) Characterization Factors

Jobs Supported JOBS USEPA USEEIOv1.1 - Elementary Flows

and Life Cycle Impact Assessment
(LCIA) Characterization Factors

Commercial RCRA CRHW USEPA Analyzing economy-scale solid

waste generation using the
Hazardous Waste S H5INs
United States environmentally-

extended input-output model

Commercial Municipal CMSW USEPA Analyzing economy-scale solid
Solid Waste waste generation using the

United States environmentally-
extended input-output model

Commercial Construction CCDD USEPA Analyzing economy-scale solid

e . t ti ing th
and Demolltlon Debrls Wa.s e lon.usmg <
United States environmentally-

extended input-output model
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(Meyer et al., 2020; Young et al., 2021e, 2021f)

http://doi.org/10.23719/1368541
http://doi.org/10.23719/1368541
http://doi.org/10.1016/j.resconrec.2020.104795
http://doi.org/10.1016/j.resconrec.2020.104795
http://doi.org/10.1016/j.resconrec.2020.104795

Environmental Protection
AAAAAA

Final Demand Vectors

Representations of final demand included in model

Vector Formula
Production hy+gyg+vy+x+0
Consumption h+g+v

Household Consumption h

h = household consumption g = government consumption i =
investment ; = domestic only 6 = change in inventories
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Waste Sectors - Before

Before disaggregation

7 new Sectors: Solid waste, Hazardous waste, Material separation, Remediation,
Landfilling, Incinerators, Other waste collection

Total Requirements Matrix (L)
IO Industries

Waste

Waste

Inter-Industry Transactions

IO Commodities




<EPA

United States
Environmental Protection
Agency

Waste Sectors - After

After disaggregation

7 new Sectors: Solid waste, Hazardous waste, Material separation, Remediation,
Landfilling, Incinerators, Other waste collection

Total Requirements Matrix
Solid W. Hazard W. - 10 Industries

Solid W.
Hazard.

Inter-Industry Transactions

IO Commodities




Validation

Flow validation

1. Source totals = national flow totals by
industry

2. flow—-industry mapping validation

Model validation

1. model commodity output calculation = commodity
output vector
2. model total flow calculation = national flow

totals by sector
USEEIO v2.0.1-411 build and validation record
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(Ingwersen, Wesley and Li, Mo, 2021)

https://doi.org/10.6084/m9.figshare.17145878.v1
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Sector coverage of flows
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Validating model output calc

q=1Ly

q = commodity output
L = Leontief inverse of model A
y = final demand vector for US production

A = diagonalized
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Validating model flow calc

E. = BX,CL’?,

E. = (CmEi)

C,=V'z"1
"1

BX’C = B; o xVq

E. = model input flows by industry transformed into flow by commodity

BX . = satellite matrix in commodity form, modified for x adjustment

B; = satellite matrix in industry form

x = industry output ratios of environmental data year: model year
L = Leontief inverse of model A

y = final demand vector for US production

C,;, = commodity mix matrix

V = Make table; g = commodity output; x = industry output

o for Haddard product,’ for transpose
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