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Collaboration with EDF (2017)

An important byproduct of our project will be an open-source dataset
suitable for analysis of energy-economy-environment issues in North
America. We begin with the national input-output table and downscale to
the county level using regional economic statistics from the Bureau of
Economic Analysis (sectoral value added and price household expenditure).
We also employ data from Census Bureau’s (foreign trade statistics) and
International Trade Administration for bilateral trade statistics.
Input-output tables will further be complemented by physical energy
quantities and energy prices from the Department of Energy’s State Energy
Data System (SEDS) of EIA.



Overview

Research question: Can we build a set of transparent tools for producing
subnational economic accounts for general equilibrium and input output
analysis for the United States?

- Equilibrium analysis relies on constructed datasets.

- In this work, we reconcile national and state level economic data to
produce a micro-consistent state level dataset for the United States.

- Publicly available regionalized accounts are not freely available, limiting
the scope of equilibrium analysis.



Objectives

The Wisconsin National Data Consortium is being created to facilitate the
coordination and implementation of:

- Open source build stream (which can be modified by users to produce
their own version of regional social accounting matrices).

- Value shares, tax and trade margins based on public data.

- Estimated elasticities based on proprietary Census data with public
code but restricted data.

- Connections to other international data sets.

- Accessible build stream which runs on NEOS (optimization server not
requiring GAMS license).

- Clean connection to canonical models which run in both GAMS and
Julia/JUMP.

The aim is to provide options for building a policy specific dataset and a
foundational structure from which to base an analysis from.



Motivation

Existing subnational models have largely relied on a commercial database
(IMPLAN) to characterize base year state and county-level economic
activity in the United States.

- IMPLAN sells both state- and county-level national datasets which are
based on public data

- Lack of transparency in regionalizing data. Outside options are
expensive and proprietary. No way to look “under the hood”.

- No mechanisms for understanding how data related assumptions
impact model results.

The open-source tools for combining data and building a benchmark
equilibrium database will be useful to many research groups across the
country. Provide means for making more quantitative evidence based
research possible.
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Build Stream



National Tables

National level summary files from 1997-2017:

- Supply tables – byproduct matrices with aggregate imports and
trade/transport margins.

- Use tables – includes aggregate intermediate inputs, total taxes,
exports, and demand accounts (aggregate household, government
purchases and investment).

Use of GAMS to define submatrices and partition into CGE based
parameters.



Sector Disaggregation

The routine provides options on the preferred level of sector disaggregation.
Sector level detail is leveraged from the 2007 tables with 389 sectors. Level
of disaggregation would depend on analysis. Options in the code include:

- tot: full disaggregation,

- non: no disaggregation,

- eng: energy related sectors,

- agr: agricultural sectors,

- gtp: GTAP disaggregation

For data in the 2007 tables, disaggregation shares are generated through
linking disaggregate sector data with aggregate sector data through
particular parameters. Data not in the disaggregate data (margins) are
shared according to equal weight. Can use satellite data as well (oil and gas
extraction).



Matrix Balancing: Huber’s Approach

Huber’s approach to matrix balancing incorporates a barrier function to
assure that nonzeros in the source data remain nonzero in the
estimated matrix.
In the hybrid barrier method we retain Huber’s loss function for
increases from the target value and we add a log term to penalize
values which go to zero:
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Regionalization Process

The process to go from consistent national tables to state level tables relies
on sharing data parameters. Shares are based on:

- gross state product (GSP)

- personal consumer expenditures (PCE)

- state government finance tables (SGF)

- USA trade statistics from Census

- commodity flow survey (CFS)

In the first four cases, data are given in aggregate categories. Categories are
mapped to sectors in national data. Shares are generated such that:∑

r

δyr ,r ,s = 1 ∀ (yr , s)



Regionalization Process

- Use GSP shares to separate production data: sectoral supply with
byproducts, intermediate demand and value added. Split aggregate
value added based on labor and capital accounts in GSP data.

- Use PCE shares to separate household final consumption.

- Use SGF shares to separate government expenditures.

- GSP shares separate investment demand.

- USA trade shares based on Census data to separate state exports.

- For a given year then, total domestic absorption must equal:

= HHDemr ,g + GovDemr ,g + Invr ,g +
∑
s

IDemr ,g ,s

- Generate implicit shares based on absorption totals to enforce identities:

= Absr ,g/
∑
rr

Absrr ,g

- Use implicit shares to separate imports and margin demand.



Regionalization Process

In order to maintain zero profit and market clearance in the data, we
determine demand/supply from/to the state vs. national markets by
imposing regional purchase coefficients based on commodity flow survey
data or a gravity model of trade.

- Regional purchase coefficients (RPC) are found by assigning aggregate
categories in CFS data to blueNOTE sectors or through estimated
bilateral trade flows. The dataset provides a metric on how much of a
given good is retained in a given state or shipped to other states.

- RPCr ,g ∈ [0, 1]. I.e. an RPCr ,g = 0.4 would indicate 40% of a given
good’s domestic demand was sourced in the state. The rest came from
the national market.

State level or national level domestic demand is defined by either the supply
or demand side of the market to maintain zero profit in either the export or
absorption markets.

Margins are supplied by both the state and national markets.



Trade

The benchmark dataset is structured for either a pooled national market or
gravity based estimates. Explicit bilateral trade flows cannot be determined
using CFS data:

- Wittwer (2017) shows that CFS data provide information on the value
of goods between transport nodes, which may or may not be in line
with production origins or consumption destinations.

- Points to need of gravity based estimates.



Bilateral Trade

Estimated with Canadian D-Level input output data for 2014 for each
blueNOTE sector. Trade from region i to j depends on economic forces in
both origin and destination nodes, and forces that aid or restrict the flow of
goods from origin to destination.

lnYij = β0 + β1 ln(GDPi ) + β2 ln(GDPj) + β3 ln(Distij) +
∑
f

βf X
f
ij + ϵij



Data Overview

The build routine provides:

- Social accounting matrices for all 50 states plus D.C. from 1997-2017.

- Based on summary files of 71 sectors.

- Option for disaggregation using the 2007 389 sectoring scheme and
additional satellite accounts.

- Regionalization achieved mainly regional level gross state product and
expenditure accounts.

- Trade is imposed in national pooled market using regional purchase
coefficients generated by commodity flow survey data or through
gravity based estimates.

- Option for recalibrating dataset to match totals from satellite accounts.
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First version of WiNDC featured a state level dataset with a single
representative agent by region.

Provided means for spatially denominated distributional analysis, but
not within consumer types.

A key advantage of IMPLAN was its disaggregation of regional
consumer demands and incomes by household income groups.

Many ways to go about this type of disaggregation. Incomes vs.
expenditures.

We approach this problem from the income side. Key challenges:
denominate reasonable transfer income, understand income tax
liabilities, savings, capital ownership vs. demands, salaries and wages.

Additional wrinkle: static vs. steady state calibration.

Income elasticities used to separate household level commodity
expenditures.



Household recalibration routine:

Two versions of a household dataset is produced. One primarily based
on the Current Population Survey (CPS), and the other based primarily
on IRS’s Statistics of Income (SOI).

Both versions use a bit of information from the other. Transfers and
capital gains.

Roughly comparable with 5 household types by region. Households vs.
returns.



Income Balance in the Benchmark Equilibrium

Original regional representation (subscripted by r) – limited by information
in the reference input output tables:

consr + invr = wagesr + capr + otherr ∀ r

- Investment based on location of state level investment demands. May
not follow location of entity actually doing the investing.

- Wages and capital income based on sectors in a given state doing the
demanding. Again, same issue. Furthermore, they are gross of taxes.

- Other is a closure parameter – all the stuff that can’t be explained by
consumption, investment, wages and capital.

Obvious issues when thinking about welfare impacts.



Toward a Better Income Balance Representation

While regional representation may limit ability to do reasonable welfare
analysis, it does provide useful control totals that are consistent with both
the National Income and Product Accounts (NIPA) and accounting
identities for the rest of the economy.

This work seeks to reconcile the issues outlined in the previous slide. Move
toward the following income balance representation:

consrh + taxrh + saverh = wagesrh + caprh + trnrh ∀ (r , h)

- Break out each category by region and household income type (h).

- Estimate savings for household-region pairs investing in new capital.

- Estimate wage and extant capital endowments consistent with where
people actual live and work. Incorporate income taxes into WiNDC
structure.

- Break out the “other” category into cash payment transfers consistent
with benefits programs in US. Assume all transfers are between
households and government. No intra-household transfers assumed
here.



Datasets Used in Disaggregation



CPS Categories (2016)



SOI Categories (2016)



Households vs. Number of Returns

In what follows, we aggregate households into 5 groups that roughly
correspond with one another. Comparison between two datasets not perfect.



Households vs. Number of Returns



Structure of Recalibration Routine

4 step process:

1. Solve for steady state equilibrium investment demands (if option is
selected – static vs. steadystate).

- Important because investment levels tie directly to the income
balance constraint for households in the form of savings.
Considering this upfront circumvents issues down the line.

2. Solve income routine for aggregated regions (here Census regions).

3. Solve income routine at the state level enforcing control totals at the
aggregated region level.

4. Solve expenditure routine at the state level.

Successive calibration is akin to the LES calibration used in SAGE.
Enhances reliability in when solving a larger model.
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GTAP Integration

Sectoral reconciliation: 33 sectors representing aggregation of both
GTAP and WiNDC structure

50 states plus DC

Any number of GTAP regions (free version with 11 regions)

Aggregate trade aligns with GTAP. Use matrix, final demand and
household endowment structgure aligns with WiNDC.



Sectoral Mapping by Alla Golub for GTAPWiNDC

U.S. economy is represented with 71 BEA sectors in the WiNDC data
system mapped to North American Industry Classification System (NAICS),
while economic activities are grouped into 65 sectors in the GTAP database
and mapped to Central Product Classification (CPC) or International
Standard Industrial Classification (ISIC). To embed a subnational model for
the U.S within the GTAP framework, a common set of economic sectors is
needed. Careful assessment of these classificaitons produces a 33 sector
mapping for GTAP-WiNDC project.



The GTAP-WiNDC Model

$title The GTAPWiNDC Model

* Use the 2014 dataset with households defined by CPS:

$if not set ds $set ds gtap_cps_2014

$include gtapwindc_data

$ontext
$model:gtapwindc

$sectors:
Y(g,r,s) ! Production (includes I and G)
C(r,s,h) ! Consumption
X(i,r,s) ! Disposition
Z(i,r,s) ! Armington demand
FT(f,r,s) ! Specific factor transformation
M(i,r) ! Import
YT(j) ! Transport



The GTAP-WiNDC Model (cont.)

$commodities:
PY(g,r,s) ! Output price
PZ(i,r,s) ! Armington composite price
PD(i,r,s) ! Local goods price
PM(i,r) ! Import price
P(i,r) ! National goods price
PC(r,s,h) ! Consumption price

PF(f,r,s) ! Primary factors rent
PS(f,g,r,s) ! Sector-specific primary factors
PT(j) ! Transportation services

$consumers:
RH(r,s,h) ! Representative household
GOVT(r) ! Public expenditure
INV(r) ! Investment



Tariff Quota Simulation in GTAPWiNDC

Representation of tariff quota requires some additional modeling: in-quota
and out-of-quota trade flows are distinguished:

set q Quota levels / in "In-quota trade",
out "Out-quota trade" /,

$sectors:
...

B(i,rr,r,q) ! Bilateral export (for quota constrained trade)

$commodities:
...

PB(i,rr,r) ! Bilateral export price
PQ(i,rr,r,q) ! Quota rent on bilateral trade

$prod:B(i,rr,r,q) s:0
o:PB(i,rr,r) q:vmcif(i,rr,r)

i:P(i,rr) q:vxmd(i,rr,r) p:pvxmd(i,rr,r)
+ a:GOVT(rr) t:(-rtxs(i,rr,r))
+ a:GOVT(r) t:(rtms_q(i,rr,r,q)*(1-rtxs(i,rr,r)))

i:PT(j) q:vtwr(j,i,rr,r) p:pvtwr(i,rr,r)
+ a:GOVT(r) t:rtms_q(i,rr,r,q)

i:PQ(i,rr,r,q)$quota(i,rr,r,q) q:vxmd(i,rr,r)



Steel Tariff Incidence by State and Income Quintile



The WiNDC Web page
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