Open IO Files
Technology Module
[bookmark: Raw_Use_Tables]Begin with the Raw Use and Raw Make Tables from BEA.  To download files, go to:  http://www.bea.gov/industry/zip/2002detail_redef.zip.
[bookmark: Raw_Use_Matrix]Raw Use Matrix.xlsx.  Extracted from the BEA files, the rows in the use table present the value of commodities (in producers’ prices), and the columns display the industries and final users that utilize them.  The sum of the entries in a row is the gross output of that commodity.
[bookmark: Raw_Make_Matrix][bookmark: DR_Coefficients]Raw Make Matrix.xlsx.  Extracted from the BEA files, this file has output listed with production of commodities by each industry.  Commodities are presented in columns and industries in rows. The entries across a row represent the dollar value of commodities produced by a specific industry. 
DR Coefficients.xlsx.  Direct requirement coefficients identify the portion of each output unit that each input contributes, in terms of dollars.  Each cell in the Raw Use Matrix is divided by the industry total purchases (sum of industry column), and value added sectors (government spending, consumption, investment, and net exports) are removed.  The result is a matrix of Use Coefficients.   Each cell in the Raw Make Matrix is divided by the total commodity output (sum of commodity row), resulting in the matrix of Make Coefficients.  The direct requirements table is the result of the multiplication of the two matrices Use Coefficients and Make Coefficients.  The rows and columns are in a commodity-by-commodity format.
[bookmark: Total_Economic_Requirements]Total Economic Requirements.xlsx.  An identity matrix is created, and the DR Coefficients matrix is subtracted from it.  The resulting matrix is inverted to yield the commodity-by-commodity total economic requirements matrix.
Data_EconomicIO Module
[bookmark: Margin_Expenditures]Margin Expenditures.xlsx.  Margin expenditures are taken from the Raw Use Table (from BEA), which contains “margin” data for all commodities.   This file consists of multiple spreadsheets, one for each transportation mode (rail, truck, water, air, and pipeline), as well as spreadsheets for wholesale and retail trade.  Transportation margins include the total cost of transportation for all goods purchased by each industry—such as fuel, chemicals, and machinery parts.  In addition to these transportation costs for goods used, the commodity rows for transportation include the transportation costs for direct purchases of services.  Trade margins consist of the costs of marketing goods between producers and final purchasers. They consist of the wholesalers’ or retailers’ margins in basic prices plus any applicable sales and excise taxes. 

These data are used to calculate the impacts of delivering commodities from the producer to the consumer. The margins data show inputs of margin sector for when an industry buys a commodity.  The margins shown in the commodity rows represent the total margin included in all of the goods purchased by the industry or final user. For example, the use-table cell where the wholesale commodity intersects with the coal-industry column consists of the sum of all wholesale margins on goods purchased by the coal industry—that is, the margins on fuel, chemicals, machinery parts, and all other goods—plus purchases of wholesale output that is not margin.

OIO to Impact 2002 Substance Xwalk Module
[bookmark: OpenIO_to_Impact2002_Map][bookmark: OIO_to_2002_Xwalk_List]OpenIO to Impact2002+ Map.xlsx.  Raw data composed of substances measured by Open IO and associated Impact 2002+ substances.  File includes algorithms for associating substances.
OIO to 2002 Xwalk List.xlsx.  A total of 2,161 substances identified in the matrix OpenIO to Impact 2002+ Map are matched to substances identified in Impact 2002+.  
[bookmark: Satellite_Data_Output]Satellite Matrices Module
[bookmark: ConsolidatedEcoData]ConsolidatedEcoData.xlsx.  This file contains raw data assembled in Open IO (see model documentation for more information) on substances used or emitted as part of each enumerated industrial process.  Specific spreadsheets exist for criteria pollutants, primary energy, water use, land use, greenhouse gas emissions, and toxic substance emissions.  		
[bookmark: Ag_Chemical_Data]Ag Chemical Data.xls.  Data in this spreadsheet was copied from the Analytica file “Emissions Aggregator”.  It contains for each agricultural IO industry, the type and amount of chemicals applied to the production of that crop.  For more information see model documentation.
[bookmark: Satellite_Xwalked]Satellite Data Output.xlsx.  This spreadsheet (called “Raw Satellite Matrix mod” within Analytica) contains data on environmental requirements for each industry sector, stated in units per dollar of output.  Most units of emitted substances are in kg, but some are in m3 (land), MJ (primary energy), and Gallons (water).  Categories of impacts include greenhouse gases, primary energy, water use, land use, toxic substances, and agricultural toxic substances.  Data in this file comes from related files ConsolidatedEcoData and Ag Chemical Data.
Satellite xwalked.xlsx.  This spreadsheet renames the substances listed in the Satellite Data Output spreadsheet with substances recognized by Impact 2002+ as listed in OIO to2002 Xwalk List.
Impact Methods Module
[bookmark: Method_Impact2002_raw_data][bookmark: Impact2002_User_Guide]Method – Impact2002+ (raw data).xlsx.  A file containing Impact 2002+ substances and their associated midpoint damage categories, and factors for standardizing impacts in terms of equivalent amounts of reference substances.  For more information, please refer to the Impact 2002+ User Guide.
[bookmark: Impact_Method02_with_no_match]Impact Method 02+ with no match.xlsx.  Restates list of substances and damage categories from the file Method—Impact2002+ (raw data) into matrix format.   Separate tab includes reference units for midpoint damage categories.
Main Module
[bookmark: Damage_by_sector]Damage by Sector.xlsx.  The spreadsheet contains the product of each substance emitted (or resource required) to produce a dollar of output for a given industry, and the midpoint damage associated with the emission or use of resource.  So, substances in the Satellite xwalked matrix are multiplied by their associated impacts in terms of reference units from the file Impact Method 02+ with no match, and then summed for each reference unit and stated in midpoint damage terms.  E.g., all substances in the column for “oilseed farming” that have global warming potential are matched to their equivalent in CO2, and the amount of the substance emitted is multiplied by its CO2 equivalent, and the sum displayed in the cells in this matrix.  
[bookmark: Total_C2G_Impacts]Total C2GImpacts.xlsx.  The spreadsheet includes both direct and indirect impacts as the product of the Total Economic Requirements matrix and the Damage by Sector matrix.  Units are in terms of midpoint damage categories.  

Module:  Personal Consumption Margins

[bookmark: PCE_Commodities]PCE Commodities.xlsx.  This spreadsheet has row headers for the 283 commodities for which BEA has recorded nonzero personal consumption expenditures (PCE).  

[bookmark: PCD_Margins_for_PCE_Commodities]PCE Margins for PCE Commodities.xlsx.   Margin Expenditures are divided by total expenditures from the Raw Use Matrix to derive margin percentages for each commodity and each margin sector.   The margin percentage for personal consumption expenditures (PCE) are calculated for each margin sector.  The Margin Percentage matrix is restated including only PCE commodities using the commodities based on the list in PCE Commodities.

[bookmark: Margin_Impacts_per_USD]Margin Impacts per USD.xlsx.   A matrix containing C2G impacts for the margin sectors (transportation sectors plus wholesale and retail trade) is created from the Total C2G Impacts matrix, and is multiplied by the matrix PCE Margins for PCE Commodities to derive this matrix.  The result is a 3D matrix with axes for PCE commodities, margin sectors, and midpoint damage categories.  (For display purposes, separate tab is used for each margin sector.  In this display, each cell will show the midpoint impact attributed to the particular margin sector identified in the tab for the industry in the leftmost row.)

[bookmark: C2C_Impacts_for_PCE_Sectors]C2C Impacts for PCE Sectors.xlsx.  Margin Impacts per USD are multiplied by C2G impacts for PCE Sectors, which are pulled from the Total C2G Impacts matrix.  The resulting impacts are listed in a 3D matrix, with axes for PCE commodities, margin sector impacts + C2G impacts, and midpoint damage categories.  (For display purposes, separate tab is used for each margin sector.  In this display, each cell will show the midpoint impact attributed to the particular life cycle or margin sector identified in the tab for the industry in the leftmost row.)  A separate tab for Total Impacts sums impacts from the other tabs, yielding total C2C impacts.


[bookmark: C2C_Impacts_for_All_Sectors]C2C Impacts for All Sectors.xlsx.  The file C2C Impacts for PCE Sectors is supplemented to include all other industries by inserting C2G impacts for all industries without PCE expenditures, and zeroes for the margin sectors.  

Module:  Energy Use
The purpose of this module is to calculate the energy requirements of commodities that directly require energy for operation.  
[bookmark: Use_Phase_Energy_Data]Use Phase Energy Data.xlsx.  This file has the raw energy use data that was collected and estimated by Open IO from a variety of sources.  The relevant data for inclusion in Open IO include price (in USD), product lifetime (years), usage (hours/year), and power requirement for active use (different metrics, in general watts).  Unit Energy Consumption (UEC—a measure of energy used by a commodity over a specified time period) data, when available from the source, is included.  If it is not included, it is calculated in a later spreadsheet.
[bookmark: Raw_Energy_Data]Raw Energy Data.xlsx.  Data taken from the Use Phase Energy Data spreadsheet, it has for each GPC brick, columns for price, usage (five modes:  active, idle, standby, sleep, and off), power (same modes as usage), and UEC (if available).  
[bookmark: Cacl_Ref_Units_Map]Calc Ref Units Map.xlsx.  This creates standard factors to apply to energy requirements for GPC commodities.  Generally, energy is measured in watts or Kilowatts, although some energy requirements in a few instances are listed in BTUs.  
[bookmark: Calculated_UEC_ref_units]Combined UEC (ref units).xlsx.  UECs are calculated in standard units using power and usage data in the Raw Energy Data file. Data from this file is divided by factors in the Calc Ref Units Map file for standardization.  The calculated UECs are combined with the UEC data contained in the Raw Energy Data file to yield a file of UECs for all products requiring energy.  Units are either in kwh electricity per year, mmbtu natural gas per year, or gallons of residential fuel oil per year.
[bookmark: Annual_UEC_Per_Dollar]Annual UEC Per Dollar.xlsx.  The data from the Combined UEC (ref units) file is multiplied by the price data (USD) from the Raw Energy Data file.  
[bookmark: UEC_Map_Switch]UEC Map Switch.xlsx.  The data in this file map each energy-using product to one of three industries providing primary energy:  electricity generation, natural gas distribution, or petroleum refineries.
[bookmark: Annual_UEC_Per_Dollar_By_Fuel_Type]Annual UEC Per Dollar By Fuel Type.xlsx.  Product of UEC Map Switch and Annual UEC Per Dollar, this data has a column for each type of primary energy.
[bookmark: Energy_Use_Prices]Energy Use Prices.xlsx.  Contains 2002 basic price data for primary energy.
[bookmark: Annual_UEC_Per_Dollar_By_Fuel_Type_Econo]Annual UEC Per Dollar by Fuel Type (Economic).xlsx.  By multiplying the Annual UEC Per Dollar by Fuel Type matrix times Energy Use Prices, this matrix shows the annual cost in dollars of using each product.
Module:  Lifetimes
[bookmark: Modal_Lifetime]Modal Lifetime.xlsx.  Called “Modal Lifetime (ri)” in Analytica, this data contains the mode of a range of expected useful lifespans (listed in years) for each product listed.  The data for this comes from the spreadsheet Use Phase Energy Data.
Module:  Use Phase Energy Impacts
[bookmark: C2C_Impacts_for_Use_Energy_Sectors_Total]C2C Impacts for Use Energy Sectors Total.xlsx.  The matrix C2C Impacts for All Sectors is excerpted to include only the impacts for the three energy primary energy sectors of electric power generation, transmission and distribution; natural gas pipelines; and petroleum refineries.  The result is a 3-D matrix that has as its axes the use phase energy sectors (electric, gas, and petroleum), cradle-to-consumer stages (C2G and margins), and unique categories (midpoint damage).  This matrix sums across all C2C stages to get a total; as a result the final matrix is reduced to two dimensions with axes for use phase energy sectors and unique categories.  
[bookmark: Annual_Impacts_for_Energy_Use_per_USD]Annual Impacts for Energy Use per USD.xlsx.  Multiplying the matrix Annual UEC Per Dollar by Fuel Type (Economic) by the matrix C2C Impacts for Use Energy Sectors Total yields the annual impacts per each dollar spent on the product.
[bookmark: Lifetime_Energy_Impacts_Per_Dollar_by_GP]Lifetime Energy Impacts Per Dollar by GPC.xlsx.  This is the result of multiplying the Annual Impacts for Energy Use per USD matrix by the matrix called Modal Lifetime to derive impacts over the total lifetime of the product.  
[bookmark: Lifetime_Energy_Impacts_Per_Dollar_by_BE]Lifetime Energy Impacts Per Dollar by BEA.xlsx.  The data from Lifetime Energy Impacts Per Dollar by GPC is converted to commodities as classified under the BEA IO structure based on crosswalk matrix GPC2BEA Equal Shares (ri2) that is described later in this paper.
Main Module
[bookmark: Cradle_thru_Cons_Impacts_per_D_by_BEA]Cradle Through Consumer Impacts per Dollar by BEA.xlsx.  A concatenation of the two matrices, C2C Impacts for All Sectors, and Lifetime Energy Impacts Per Dollar by BEA, yielding a 3D matrix with axes for Life Cycle Stages (C2G, margins, and use phase), purchasing sector (BEA industry), and unique categories (midpoint damage).  Also has a spreadsheet for total CthruC impacts. 
CthroughC Endpoint Damage (BEA).xlsx.  The data from the file Cradle Trough Consumer Impacts per Dollar by BEA is converted into endpoint damage impacts using the file Damage Factors to convert midpoint damage categories.
CthroughC Endpoint Damage (GPC).xlsx.  The data from the file Cradle through Consumer Impacts per Dollar by GPC (described below) is converted into endpoint damage impacts using the file Damage Factors to convert midpoint damage categories.
Module:  Contribution
This module identifies and isolates impacts by product stage.  Four different impacts are identified: direct impact of production, indirect impacts of production, margin impacts, and use phase impacts.  
[bookmark: Group_matrix]Group Matrix.xlsx.  This matrix matches commodities with the contributing upstream Open IO Stage.  As part of this process, some commodities and grouped and relabeled.  Specifally, certain transportation commodities are grouped and re-identified as Transportation of Inputs to Commodity.  Coal mining and natural gas distribution are labeled as Other Energy Inputs to Commodity.   Electric power generation, transmission, and distribution are relabeled as Electricity Inputs to Commodity.
[bookmark: Distribution_Grouping][bookmark: _GoBack]Distribution Grouping.xlsx.  A matrix to relabel margin sectors (transportation sectors, wholesale trade, and retail trade) to either “final transportation”, or “warehousing and retailing.”  
[bookmark: Damage_by_stage]Damage by Stage.xlsx.  Direct impacts are available in the Damage by Sector matrix.  The DR Coefficients matrix and the Total C2G Impacts matrix are multiplied to yield indirect contributions to damage (grouped).  In addition, purchasing sectors in the IO table are replaced with IO stages from the file Group Matrix.  This is concatenated with the direct impacts (or Damage by Sector) matrix to yield direct and indirect impacts, with axes for Unique Categories (midpoint damage), Commodity, and Upstream Stages.
Margin impacts are listed separately based on the matrix C2C Impacts for All Sectors.  Margin impacts are grouped into two categories:  “final transport” and “warehousing and retail” according to data from the file Distribution Grouping.  These are concatenated with the data from Lifetime Energy Impacts per Dollar by BEA to yield a 3D table  with margin and use impacts, with axes for Unique Categories (midpoint damage), Commodity, and Downstream Stage (final transportation, warehousing and retailing, and use phase).

The two matrixes for direct and indirect impacts and margin and use impacts are concatenated, forming a 3D matrix with axes for Unique Categories, Contributing Stages, and Commodity.  To create the axis “Contributing Stages”, the indexes for “Upstream Stages” and “Downstream Stages” are combined.

[bookmark: Damage_Factors]Damage Factors.xlsx.  This file lists for each midpoint damage category, the impacts in the five endpoint damage categories estimated by Open IO:  Human health (DALY), Ecosystem quality (PDF-m2-yr), Resources (MJ), Climate Change (Kg CO2), and Water Consumption (Gallons).
[bookmark: Endpoint_Damage_by_stage]Endpoint Damage by Stage.xlsx.  After rearranging rows, the matrix Damage by Stage (in Analytica, this is the matrix “Damage by Stage (ri)”) is multiplied by the matrix Damage Factors to translate midpoint damage categories into endpoint categories.  Results are summed into a 3D matrix with axes for Damage categories, contributing stages, and commodity.
Contribution to Endpoint Damage by Stage.xlsx.  Data from Endpoint Damage by Stage is converted to percentages of total impacts.  This is intended to make it easier to gauge relative impacts or “hot spots” of the inputs and stages.  
Contribution to Midpoint Damage by Stage.xlsx.  Data from Damage by Stage is converted to percentages of total impacts.  This is intended to make it easier to gauge relative impacts or “hot spots” of the inputs and stages.  
Module:  GPC Crosswalk
[bookmark: BEA_GPC_Association]BEA GPC Association.xlsx.  A list of input-output codes from the BEA input-output structure crosswalked to products classified under the Global Product Classification (GPC) code.
[bookmark: BEA2GPC_Association]BEA2GPC Association.xlsx.  (Listed in Analytica as “BEA2GPC Assoc (ri2)”).  Converts BEA GPC Association list into matrix with GPC codes listed in rows, and BEA IO codes in columns.
Shares List.xlsx.  Same list as BEA GPC Association but with no match for GPC categories that include variety packs, “other” products, and “replacement parts/accessories”.  
[bookmark: GPC2BEA_Equal_Shares]GPC2BEA Equal Shares.xlsx.  For each GPC, this matrix contains its share of the BEA IO code that has been matched to one or more GPCs.  Lacking output data by GPC code, this assigns equal weights to each GPC code within a BEA IO code.  If 10 GPCs comprise an IO code, each GPC code will be weighted 10%.  (NOTE:  Because of this weighting, users may note that results for an IO code may differ from that of an associated GPC code.  It is recommended that users evaluate LCA impacts by GPC code when known if use phase impacts are needed.)
[bookmark: GPC2BEA_Equal_Shares_ri2]GPC2BEA Equal Shares (ri2).xlsx.  An expansion of GPC2BEA Equal Shares, this matrix includes columns for those BEA IO codes that have no matching GPC codes.  
Module:  Cradle Through Consumer Cross to GPC
[bookmark: CthruC_Impacts_Per_USD_by_GPC]Cradle Through Consumer Impacts per Dollar by GPC.xlsx.  The matrix C2C Impacts for All Sectors is multiplied by BEA2GPC Association and then summed across the axis for purchasing sectors to yield midpoint impacts by GPC.  The matrix Lifetime Energy Impacts per Dollar by GPC is attached to yield impacts through consumer use phase.




