Methodology:

This technical document explains the assumptions, data sources and methods
used by Emsi Burning Glass in collaboration with Mississippi River Regional
Planning Commission (MRRPC) to reveal the economic effects of the COVID-19
pandemic over the MRRPC Service Region and the nine counties along the

Mississippi River in Western Wisconsin.

Assumptions:

The primary assumption in our analysis infers that a difference between number of jobs across
industries during the period of 2019-2020 is deeply connected to the pervasive effects of COVID-19.
Undoubtedly, an absolute difference between years could be affected by external factors other than
just COVID-19. In our particular analysis, previous differences have been discounted by standard
factors like:

e Death Rate: The Death Rate Report for Wisconsin by County', combined with the number of
workers by 2019, was used to calculate the percentage rate by region.

e Retirement Rate: The age group of 65+ years at industry and regional level? was used to
calculate the percentage on retirement. It is fair to say that not all workers 65+ are retirees
but based on the particular conditions at the national level, we opted for a more conservative
assumption.

e Unemployment Rate: the data came directly from “Labor Force Data by County, 2019 Annual
Averages” table®.

Other factors, like work migration, were not included for the following reasons:

¢ No data presently available accurately shows the rate of migration during 2020 across the
nation.

e Onanational level, workers did not have much opportunity to relocate during 2020, hindered
by the increased percentage in unemployment as well as public health emergency orders
like “Safe at Home”, which partially restricted people’s migration across the nation.

Other intrinsic risk factors for each industry were not assessed in the model.

1

https://hdpulse.nimhd.nih.gov/data/deathrates/index php?stateFIPS=55&cod=247&race=00&sex=0&age=001&year=0&type=d
eath&sortVariableName=rate&sortOrder=default

2 Emsi Burning Glass Industry table.

3 https://www.bls.gov/lau/#tables

Jl'Emsi ngsus.lq COVID-19: The Economic Impact Analysis on MRRPC Service Region Methodology 1


https://hdpulse.nimhd.nih.gov/data/deathrates/index.php?stateFIPS=55&cod=247&race=00&sex=0&age=001&year=0&type=death&sortVariableName=rate&sortOrder=default
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The standard factors above were used to discount the total difference in the number of jobs by
region during the 2019-2020 period. The discounted number of jobs were used to measure the
economic impact effects on each of the 10 regions. We called those factors DRUM (Death,
Retirement, Unemployment and Migration Rate*). The following table shows the total discount

factor used for each region.

Table 01: DRUM Rate by Region

Regions Total Discount Factor Retirement Rate Unemployment Rate Death Rate
AllRegions 10.79% 6.61% 348% 0.70%
Buffalo County 13.65% 8.87% 410% 0.68%
Crawford County 12.98% 8.19% 410% 0.69%
Jackson County 11.84% 7.25% 3.80% 0.78%
La Crosse County 9.19% 5.69% 2.80% 0.69%
Maonroe County 10.48% 6.83% 2.90% 0.75%
Pepin County 12.94% 8.74% 3.60% 0.60%
Pierce County 1.18% 7.22% 3.30% 0.67%
Trempealeau County 11.09% 6.86% 350% 0.73%
Vernon County 12.10% 8.22% 3.20% 0.68%

4 Migration Rate was not used as part of the Discount Factor
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Scenarios:

Once the initial number of jobs were defined for each industry, we used three different scenarios to

measure their economic impact on each of the regions at an aggregated level.

1.-All industries:
In this scenario, all industries that showed a lower number of jobs in 2020 versus 2019 were
considered for analysis. The number of jobs by region (after being discounted) is shown in the

table below.

Table 02: All Industries Scenario Jobs Lost

Jobs Lost by Region
Area Area Name (after DRUI?:'I ratges)
5501 Buffalo County 314
55023 Crawford County 838
55053 Jackson County 938
55063 La Crosse County 5.676
55081 Monroe County 1,930
55091 Pepin County 263
55093 Pierce County 866
55121 Trempealeau County 1,273
55123 Vernon County 707
Total 9 Regions 12806
AllRegions AllRegions 10,693

The difference between the figures for “Total 9 Regions” and “All Regions” is due to the following:
once all counties are treated as one region, some regions (counties) offset the negative effects

that come from smaller regions. Here, the sum of the parts is not necessarily equal to the whole.

2.-Most Affected:
The first scenario tends to ignore some economic characteristics in each region.

In order to mitigate the absence of those, we created a second scenario. The second scenario is
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the most restrictive and subsequently reflected a smaller number of jobs lost. The ultimate goal is
to discover regional industries that were severely affected by COVID-19 when compared to
national figures.

The steps included comparing regional unemployment at an industry level (two-digit NAICS
code), number of jobs lost and frequency of job postings for each defined region versus the
nation.

The defined industries were selected using a hierarchical method, starting at the two-digit NAICS
code, moving to four and finally six-digit NAICS code.

The first step used unemployment at the two-digit NAICS level, which compared the last month
previous to COVID-19 (January 2020) versus the highest month of unemployment for each
industry during 2020. The difference was normalized against January 2020. The rate provided a
sensitivity ratio between unemployment during the pandemic versus unemployment previous to
COVID-12. The most common month with the highest unemployment across the region and the
nation was April 2020.

Only the rates in the region that were higher than the nation were considered for the next step.
The second step is the same as the first scenario. After unemployment was compared between
the regions and industries, the remaining set of industries were compared against the nation using
the difference on jobs lost.

The final step on this first round (two-digit NAICS) was using the industries from step two and
comparing the differences in unique job postings by industries and region between 2019 and
2020 against national figures. Industries with lower differences on unique postings for the region
were considered as the final set of industries.

Following the industry selection at two-digit NAICS, the process for the four- and then six-digit
NAICS code was repeated. The unemployment on an industry level is only reported at two-digit
NAICS level. For the four- and six-digit levels, we relied on the number of jobs lost and unique job
postings.

The total number of jobs that were analyzed for the current scenario follow:
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Table 03: Most Affected Scenario Jobs Lost

Jobs Lost by Region
Area Area Name (after DRurf'l ratges)
550N Buffalo County 2
55023 Crawford County 0
55053 Jackson County 126
55063 La Crosse County 471
55081 Monroe County 129
55091 Pepin County A
55093 Pierce County 40
55121 Trempealeau County 109
55123 Vernon County /4
Total 9 Regions 285
AllRegions AllRegions 446

3.-Most Relevant:

This scenario considered industries that were relevant to the regions. A list of companies by
region was provided by MRRPC. The companies were linked to their corresponding industries.
Other industries relevant to the regions were considered as well based on our initial conversations
with MRRPC. These included industries like Milk, Food Processing and Wood Processing in the
Manufacturing sector.

From the list of industries, only industries that showed jobs lost during 2019-2020 were considered

for this analysis.

The total jobs lost by region are displayed by the following table.
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Table 04: Most Relevant Scenario Jobs Lost

Jobs Lost by Region

Area Area Name (after DRurf*l ratgesj
5501 Buffalo County 22
55023 Crawford County 23
55053 Jackson County 209
55063 La Crosse County 227
55081 Monroe County 234
55091 Pepin County 17
55093 Pierce County 24
55121 Trempealeau County b2
55123 Vernon County 24
Total 2 Regions 832
AllRegions AllRegions 832

Input - Output:

An Input-Output model is a way of representing the flow of money in an economy, primarily among
industries, while also accounting for government, households, and regional imports and exports. An
industry is a group of business establishments that share similar end-products (or services) and
processes for creating those products/services. Once the flow is represented in the model; we can
introduce events that change the flow (such as loss or gain of jobs in an industry) and simulate its
effects on each industry in the region, as well as the region as a whole. The Input-Output model
therefore indicates how a change in one part of the economy will ultimately affect other parts based
on their economic relationships.

When we talk about the Input-Output model, we sometimes hear the term “multiplier” used in
discussions of economic policy and modeling, usually in the context of job creation or loss. Essentially,
a multiplier represents how much some aspect of a model will change in response to changes
coming from “outside” the model. In other words, the multipliers will capture the changes and will

describe the subsequent effects of those changes in terms of the original change (final effect =
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original change times the multiplier). In this particular case, we will talk about Type | and Type I
multipliers.
Type | multiplier shows the industry-to-industry transactions. It is composed of Initial, Direct and

Indirect Effects.

o |Initial Effect: represents the first shock in the economy; in our case, it's the number of jobs
that were lost during the pandemic in 2020, and therefore does not include ripple effects.

o Direct Effect: effects caused by the initially changed sectors; also describes the effects on
those sectors' immediate supply chain.

e Indirect Effect: extends the concept of the direct multipliers to the supply chain's supply
chain.

Type Il multiplier adds to the Type | by introducing the effects by households (Induced Effect).

e Induced Effect: is due to the impact of the new (or lost) earnings created by the Initial, Direct,
and Indirect changes. These earnings enter the economy as employees spend their
paychecks within the region on food, clothing, and other goods and services. In other words,
this figure represents the income effects on inter-industry trade.

Another description for Type II: business/industry growth or decline that is going to affect the
income of individuals, and if the individuals spend it or not back in the economy, which will affect
the economy as a whole.

The output of the model estimates the ripple effects on Change in Jobs, Change in Earnings and

Change in Taxes on Production and Imports (TPI) for one or more industries in the region®.

5 The Appendix section expands on sources and data processing for Emsi Burning Glass Input-Output model.
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Appendix
Emsi Burning Glass MR-SAM

Emsi Burning Glass” MR-SAM represents the flow of all economic transactions in a given region,
previously known as input-output (I0) model, which operated with some 1,000 industries, four layers
of government, a single household consumption sector, and an investment sector. The MR-SAM
model not only simulate the ripple effects (i.e, multipliers) in the regional economy as a result of
industries entering or exiting the region. Along with the same 1000 industries, government,
household and investment sectors, the MR-SAM exhibits much more functionality, a greater amount
of data, and a higher level of detail on the demographic and occupational components of jobs (16
demographic cohorts and about 750 occupations are characterized).

This appendix presents a high-level overview of the MR-SAM. Additional documentation on the

technical aspects of the model is available upon request.
A1.1Data sources for the model

The Emsi Burning Glass MR-SAM model relies on a number of internal and external data sources,
mostly compiled by the federal government. What follows is a listing and short explanation of our
sources. The use of these data will be covered in more detail later in this appendix.

Emsi Burning Glass Data are produced from many data sources to produce detailed industry,
occupation, and demographic jobs and earnings data at the local level. This information (especially
sales-to-jobs ratios derived from jobs and earnings-to-sales ratios) is used to help regionalize the
national matrices as well as to disaggregate them into more detailed industries than are normally
available.

BEA Make and Use Tables (MUT) are the basis for input-output models in the U.S. The make
table is a matrix that describes the amount of each commodity made by each industry in a given
year. Industries are placed in the rows and commodities in the columns. The use table is a matrix that
describes the amount of each commodity used by each industry in a given year. In the use table,
commodities are placed in the rows and industries in the columns. The BEA produces two different
sets of MUTs, the benchmark and the summary. The benchmark set contains about 500 sectors and
is released every five years, with a five-year lag time (e.g.,, 2002 benchmark MUTs were released in
2007). The summary set contains about 80 sectors and is released every year, with a two-year lag
(e.g., 2010 summary MUTs were released in late 2011/early 2012). The MUTs are used in the Emsi
Burning Glass MR-SAM model to produce an industry-by-industry matrix describing all industry

. | Burni .
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purchases from all industries.

BEA Gross Domestic Product by State (GSP) describes gross domestic product from the
value added (also known as added income) perspective. Value added is equal to employee
compensation, gross operating surplus, and taxes on production and imports, less subsidies. Each
of these components is reported for each state and an aggregate group of industries. This dataset
is updated once per year, with a one-year lag. The Emsi Burning Glass MR-SAM model makes use
of this data as a control and pegs certain pieces of the model to values from this dataset.

BEA National Income and Product Accounts (NIPA) cover a wide variety of economic
measures for the nation, including gross domestic product (GDP), sources of output, and distribution
of income. This dataset is updated periodically throughout the year and can be between a month
and several years old depending on the specific account. NIPA data are used in many of the Emsi
Burning Glass MR-SAM processes as both controls and seeds.

BEA Local Arealncome (LPI) encapsulates multiple tables with geographies down to the county
level. The following two tables are specifically used: CAO5 (Personal income and earnings by
industry) and CA91 (Gross flow of earnings). CA?1is used when creating the commuting submodel
and CAQ5 is used in several processes to help with place-of-work and place-of-residence
differences, as well as to calculate personal income, transfers, dividends, interest, and rent.

Bureau of Labor Statistics Consumer Expenditure Survey (CEX) reports on the buying
habits of consumers along with some information as to their income, consumer unit, and
demographics. Emsi Burning Glass utilizes this data heavily in the creation of the national
demographic by income type consumption on industries.

Census of Government's (CoG) state and local government finance dataset is used specifically
to aid breaking out state and local data that is reported in the MUTs. This allows Emsi Burning Glass
to have unique production functions for each of its state and local government sectors.

Census' OnTheMap (OTM) is a collection of three datasets for the census block level for multiple
years. Origin-Destination (OD) offers job totals associated with both home census blocks and a
work census block. Residence Area Characteristics (RAC) offers jobs totaled by home census
block. Workplace Area Characteristics (WAC) offers jobs totaled by work census block. All three of
these are used in the commuting submodel to gain better estimates of earnings by industry that may
be counted as commuting. This dataset has holes for specific years and regions. These holes are
filled with Census' Journey-to-Work described later.

Census' Current Population Survey (CPS) is used as the basis for the demographic breakout
data of the MR-SAM model. This set is used to estimate the ratios of demographic cohorts and their
income for the three different income categories (i.e,, wages, property income, and transfers).

Census' Journey-to-Work (JtW) is part of the 2000 Census and describes the amount of
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commuting jobs between counties. This set is used to fill in the areas where OTM does not have
data.

Census' American Community Survey (ACS) Public Use Microdata Sample (PUMS) is
the replacement for Census'long form and is used by Emsi Burning Glass to fill the holes in the CPS
data.

Oak Ridge National Lab (ORNL) County-to-County Distance Matrix (Skim Tree) contains
a matrix of distances and network impedances between each county via various modes of
transportation such as highway, railroad, water, and combined highway-rail. Also included in this set
are minimum impedances utilizing the best combination of paths. The ORNL distance matrix is used
in Emsi Burning Glass’ gravitational flows model that estimates the amount of trade between

counties in the country.
A1.2 Overview of the MR-SAM model

Emsi Burning Glass’ MR-SAM modeling system is a comparative static model in the same general
class as RIMS Il (Bureau of Economic Analysis) and IMPLAN (Minnesota Implan Group). The MR-
SAM model is thus not an econometric model, the primary example of which is Policylnsight by
REMI. It relies on a matrix representation of industry-to-industry purchasing patterns originally based
on national data which are regionalized with the use of local data and mathematical manipulation
(e, non-survey methods). Models of this type estimate the ripple effects of changes in jobs,
earnings, or sales in one or more industries upon other industries in a region.

The Emsi Burning Glass MR-SAM model shows final equilibrium impacts — that is, the user enters a
change that perturbs the economy and the model shows the changes required to establish a new
equilibrium. As such, it is not a dynamic model that shows year-by-year changes over time (as REMI's

does).
A1.2.1 National SAM

Following standard practice, the SAM model appears as a square matrix, with each row sum exactly
equaling the corresponding column sum. Reflecting its kinship with the standard Leontief input-
output framework, individual SAM elements show accounting flows between row and column
sectors during a chosen base year. Read across rows, SAM entries show the flow of funds into
column accounts (also known as receipts or the appropriation of funds by those column accounts).
Read down columns, SAM entries show the flow of funds into row accounts (also known as
expenditures or the dispersal of funds to those row accounts).

The SAM may be broken into three different aggregation layers: broad accounts, sub-accounts, and
detailed accounts. The broad layer is the most aggregate and will be covered first. Broad accounts
cover between one and four sub-accounts, which in turn cover many detailed accounts. This

appendix will not discuss detailed accounts directly because of their number. For example, in the
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industry broad account, there are two sub-accounts and over 1,000 detailed accounts.
A1.2.2 Multi-regional aspect of the MR-SAM

Multi-regional (MR) describes a non-survey model that has the ability to analyze the transactions and
ripple effects (i.e, multipliers) of not just a single region, but multiple regions interacting with each
other. Regions in this case are made up of a collection of counties.

Emsi Burning Glass’ multi-regional model is built off of gravitational flows, assuming that the larger a
county’'s economy, the more influence it will have on the surrounding counties’ purchases and sales.
The equation behind this model is essentially the same that Isaac Newton used to calculate the
gravitational pull between planets and stars. In Newton’s equation, the masses of both objects are
multiplied, then divided by the distance separating them and multiplied by a constant. In Emsi
Burning Glass’ model, the masses are replaced with the supply of a sector for one county and the
demand for that same sector from another county. The distance is replaced with an impedance value
thattakes into account the distance, type of roads, rail lines, and other modes of transportation. Once
this is calculated for every county-to-county pair, a set of mathematical operations is performed to
make sure all counties absorb the correct amount of supply from every county and the correct

amount of demand from every county. These operations produce more than 200 million data points.
A1.3 Components of the Emsi Burning Glass MR-SAM model

The Emsi Burning Glass MR-SAM is built from a number of different components that are gathered
together to display information whenever a user selects a region. What follows is a description of
each of these components and how each is created. Emsi Burning Glass’ internally created data are
used to a great extent throughout the processes described below, but its creation is not described

in this appendix.
A1.3.1 County earnings distribution matrix

The county earnings distribution matrices describe the earnings spent by every industry on every
occupation for a year — i.e, earnings by occupation. The matrices are built utilizing Emsi Burning
Glass’industry earnings, occupational average earnings, and staffing patterns.

Each matrix starts with a region’s staffing pattern matrix which is multiplied by the industry jobs
vector. This produces the number of occupational jobs in each industry for the region. Next, the
occupational average hourly earnings per job are multiplied by 2,080 hours, which converts the
average hourly earnings into a yearly estimate. Then the matrix of occupational jobs is multiplied by
the occupational annual earnings per job, converting it into earnings values. Last, all earnings are
adjusted to match the known industry totals. This is a fairly simple process, but one that is very

important. These matrices describe the place-of-work earnings used by the MR-SAM.
A1.3.2 Commuting model
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The commuting sub-model is an integral part of Emsi Burning Glass’ MR-SAM model. It allows the
regional and multi-regional models to know what amount of the earnings can be attributed to place-
of-residence vs. place-of-work. The commuting data describe the flow of earnings from any county
to any other county (including within the counties themselves). For this situation, the commuted
earnings are not just a single value describing total earnings flows over a complete year, but are
broken out by occupation and demographic. Breaking out the earnings allows for analysis of place-
of-residence and place-of-work earnings. These data are created using Bureau of Labor Statistics’
OnTheMap dataset, Census’ Journey-to-Work, BEA's LPI CA?1 and CAOS tables, and some of Emsi
Burning Glass’ data. The process incorporates the cleanup and disaggregation of the OnTheMap
data, the estimation of a closed system of county inflows and outflows of earnings, and the creation

of finalized commuting data.
A1.3.3 National SAM

The national SAM as described above is made up of several different components. Many of the
elements discussed are filled in with values from the national Z matrix - or industry-to-industry
transaction matrix. This matrix is built from BEA data that describe which industries make and use
what commodities at the national level. These data are manipulated with some industry standard
equations to produce the national Z matrix. The data in the Z matrix act as the basis for the majority
of the data in the national SAM. The rest of the values are filled in with data from the county earnings
distribution matrices, the commuting data, and the BEA’s National Income and Product Accounts.

One of the majorissues that affect any SAM project is the combination of data from multiple sources
that may not be consistent with one another. Matrix balancing is the broad name for the techniques
used to correct this problem. Emsi Burning Glass uses a modification of the “diagonal similarity

scaling” algorithm to balance the national SAM.
A1.3.4 Gravitational flows model

The mostimportant piece of the Emsi Burning Glass MR-SAM model is the gravitational flows model
that produces county-by-county regional purchasing coefficients (RPCs). RPCs estimate how much
an industry purchases from other industries inside and outside of the defined region. This
information is critical for calculating all IO models.

Gravity modeling starts with the creation of an impedance matrix that values the difficulty of moving
a product from county to county. For each sector, an impedance matrix is created based on a set of
distance impedance methods for that sector. A distance impedance method is one of the
measurements reported in the Oak Ridge National Laboratory's County-to-County Distance Matrix.
In this matrix, every county-to-county relationship is accounted for in six measures: great-circle
distance, highway impedance, rail miles, rail impedance, water impedance, and highway-rail-

highway impedance. Next, using the impedance information, the trade flows for each industry in
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every county are solved for. The result is an estimate of multi-regional flows from every county to
every county. These flows are divided by each respective county's demand to produce multi-

regional RPCs.
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