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1 Introduction

The COVID-19 pandemic reached the U.S. in late January 2020 and spread
widely across the nation within two months. By Late March, the U.S. had more
confirmed cases than any other country in the world. In response to the outbreak,
the U.S. declared a national emergency on March 13, 2020. Policies such as
“shelter-in-place” and “social distance” have been implemented to cope with the
spread. Texas is among the hardest hit states in the US but also one of the states
that reopened the earliest. As of May 12, 2020, the total confirmed cases in the
U.S. were 1.4 million, while almost 40 thousand were in Texas. As the virus
continued to spread in Texas, state governor Greg Abbott issued an executive
order on March 31, 2020 to, “direct all Texans to minimize non-essential
gatherings and in-person contact with people who are not in the same
household.” However, beginning on May 1, 2020, retails stores, malls,
restaurants, movie theaters, libraries and museums were allowed to operate with
a 25% capacity limit. Texas is among several states that reopened as early as May
1, 2020.

While the world is coping with this fast-spreading virus and the resulting
damage to impacted economies, an oil price war has added another economic
shock. A Russia-Saudia Arabia oil price war was triggered in March of 2020. US
oil prices fell by 34% during the first week of March and continued to fall. By
April 20, the price of West Texas Intermediate (WTI, a benchmark in oil pricing)
for May delivery became negative for the first time in history. Such a dual shock
can have serious implications for Texas, as oil and gas are among the top
industries in the state’s economy.

On December 11, 2020, the long-expected COVID-19 vaccine developed by
Pfizer was approved by FDA for emergency use. A week later, Moderna was
approved by FDA. In February 2021, a third vaccine developed by Johnson &
Johnson was also approved by FDA. With limited quality initially, vaccine was
only available to certain groups of people. As supply increased, the vaccine
became available for general public in at the end of April 2021 in certain states,
including Texas. The vaccine has substantially slowed down the spread of
COVID-19. With the help of vaccination, Texas lifted mask mandated and fully
reopened in March 2021.

The COVID-19 pandemic is impacting the world in unprecedented ways. As a
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result of the pandemic, world GDP saw an estimated 4.3% decline in 2020, with
a US GDP estimated to decline by 3.6% (The World Bank, 2021). The economic
impacts of COVID-19 are far-reaching and goes beyond 2020. This paper
assesses the synergistic economic impact to the US and the Texas economy of
COVID-19 coupled with the oil price shock for the duration of 2020-2026. We
examine Texas economy in addition to the US economy because of two reasons.
First, Texas economy is the second largest by GDP in the US and the ninth
largest in the world. Yet, Texas is also one of the hardest hit states during the
pandemic (Baker 2021). Second, the Texas economy relies heavily on the energy
industry, which experienced severe impact due to the oil price shock. This is
unique in comparison to other states in the US.

Past studies on the economic impact of pandemics have mainly focused on
influenza outbreaks and vaccinations programs (Meltzer et al., 1999; Garrett,
2007; Brainerd and Siegler, 2003; Smith et al., 2011; Smith et al., 2010).
Recently, several studies have examined the economic impact of COVID-19
since the outbreak. For example, McKibbin and Fernando (2020) estimate the
impact of COVID-19 on the economies of G20 countries in 2020. Using a hybrid
of dynamic stochastic general equilibrium and CGE model, they estimate a GDP
loss between 0.1% to 8.4% in the US economy. Fernandes (2020) examines the
impact of COVID-19 on different industries and countries and find the US GDP
is projected to decline by 0.4% to 3.0% based on various scenarios. Rephann
(2020) estimates the economic impact of COVID-19 for the Commonwealth of
Virginia using a CGE model. This study finds that in 2020 in the moderate
scenario, job loss is close to 300,000 and GDP loss is nearly $18 billion, while
under the severe scenario job loss exceeds 500,000 and GDP loss amounts to
$40.7 billion. International trade can be severely impacted by the COVID-19
outbreak. Baldwin and Tomiura (2020) provide an outlook on the impact of
COVID on trade. Che et al (2020) analyze the impact on China exports by
COVID-19 and find that exports to countries with high risk of spread
experienced a larger decline. Other studies examine the impact of COVID-19 on
other dimensions such as policy responses, financial risk, and production (see for
examples Fornaro and Wolf, 2020; Barua 2020; Mann, 2020).

We contribute to the study of COVID-19 economic impact in several ways.
First, we use a dynamic CGE model to estimate the economic impact in the year
of the outbreak and also the years beyond the outbreak for a total of seven years
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from 2020 to 2026. The economic shock from the pandemic shifts the US and
world economy to a new track and it may take years for the economy to return to
normal. Thus, examining the long-lasting effects of the pandemic can provide a
more complete picture of the economic impact. Second, in addition to the impact
on GDP in the US and Texas, we examine the impact on employment by industry
to provide a detailed description of the shocks to the economy. The granularity of
the results provides economic impact at a disaggregated level and allows policy
makers to see how impacts are distributed among various industries and
occupations.

2 Methodology

The model used to estimate the economic impact of COVID-19 in the US and
Texas is a dynamic CGE model, specifically, the REMI PI+ (Regional Economic
Models, Inc. Policy Insight Plus) model, hereafter known as REMI. The REMI
model is a major commercial input-output (IO) model developed by Regional
Economic Models Inc. It is a multi-sector multi-region dynamic CGE model that
is used for economic forecasts, policy analysis and economic impact analysis.

In comparison to other commercial and user developed CGE models, REMI
provides dynamic multi-region model that provides estimation up to 60 years and
fully captures the economic links across regions. The model is “a world -apart in
complexity, reliance on interindustry linkages, and modeling philosophy" from
other econometric models (Bolton, 1985). The REMI model is widely used by
the governments for economic forecasting and planning, and it has also been
used evaluating economic impacts in the literature (Ehlen, 2001; Loose et al.,
2010; Livinggood et al., 2007; Weisbrod, 2008). The key component in REMI is
the input-output model, which tracks the flows of goods and services among
industries. Various assumptions are made regarding the nature of the utility and
production functions and factor ownership, including firms maximizing profit
and households maximizing utility. Figure 1 shows a graphic view of the
structure of the CGE model in REMI. It has five major blocks with (1) Output,
Labor and Capital Demand, (2) Population and Labor Supply, (3) Wages, Prices,
and Costs, and (5) Market Shares. A total of 70 sectors are included in the
input-output model. It is assumed that the economy is in equilibrium when a set
of prices is attained for which the value of the income flow from firms to
households is equal to the value of the money expenditure from households to
firms.
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Figure 1 Output Input Model in REMI
Note: Figure 1 shows a graphic view of the structure of the CGE model in REML. It has five
major blocks with (1) Output, Labor and Capital Demand, (2) Population and Labor Supply, (3)
Wages, Prices, and Costs, and (5) Market Shares. The arrows indicate the connection of each

individual sectors in the economy.

National and regional control simulations are pre-built in REMI and act as
baseline models. Such models incorporate macroeconomic statistics and
forecasts that reflect current economic conditions and future projected economic
growth. To examine effects of policy changes or economic shocks, new
simulations are run, which shock the corresponding policy or economic variables.
These simulation results can then be compared with the baseline model to
examine the effects of the policy or shocks.

The REMI model is calibrated to regional conditions using several sources of
data. The employment and income data are based on the Bureau of Economic
Analysis (BEA) employment, wage, and personal income series, and the Bureau
of the Census County Business Patterns (CBP) data. Output data come from
regional employment data, the BEA Gross State Product series, and national
output-to-employment ratios (Lynch, 2000).
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We obtain the REMI model for the nation and the state of Texas. Within the
REMI setting, Texas is treated as one region and the rest of the US is lumped into
one single region. Our analysis is based on GDP growth in 2020 and GDP
forecasts for future years. Various organizations have published such forecasts
based their own assumptions and considerations. Instead of using every forecast
from these organizations, we obtained the GDP forecast from several reputable
organizations, including the University of Michigan’s RSQE (Research Seminar
in Quantitative Economics), IMF and the World Bank. We then select the highest,
the lowest, and the mean forecasts from the three organizations. Table 1 shows
the list of the sources and their corresponding forecasts. In our simulation, we
consider the following four scenarios:

® Scenario 0: the baseline case, pre-built in REMI and representing
economic growth without a pandemic

® Scenario 1: the optimistic pandemic case, based on the highest forecasts
(IMF) with an estimated GDP decline of 3.5% in 2020 and a projected
GDP growth of 64. (2021) and 3.5 (2022).

® Scenario 2: the moderate pandemic case, based on the average rate of all
four forecasts with an estimated GDP decline of 3.53% in 2020 and a
projected GDP growth of 4.9 (2021) and 3.6 (2022).

® Scenario 3: the severe pandemic case, based on lowest forecasts (World
Bank) with an estimated GDP decline of 5.9% in 2020 and a projected
GDP growth of 3.5 (2021) and 3.3 (2022).

Table 1 Source of GDP Forecasts

Source Date of Release 2020 2021 2022
IMF April, 2021 -3.5 6.4 3.5
RSQE February, 2021 -3.5 4.8 39
World Bank January, 2021 -3.6 3.5 33
Average -3.53 4.9 3.57

Note: Table 1 shows the estimated GDP growth in 2020 and the projected GDP growth in 2021
and 2022 from various publicly available sources, including IMF, University of Michigan’s

Research Seminar in Quantitative Economics (RSQE), and the World Bank.

Each of the corresponding COVID-19 GDP growth forecasts represented in
Scenarios 1-3 represents a new shock to the national economies and the Texas
economy. Within the REMI PI+ framework, this creates a comparison between
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the pre-COVID-19 baseline results (scenario 0) and the three new post
COVID-19 simulations (Scenarios 1-3). The differences between the pre and post
COVID-19 simulations represents the impact of COVID-19 at both the national
and Texas regional level.

The REMI model settings allow for shocks to the overall GDP level. However,
that will assume uniformed impacts on all 70 sectors in REMI. To capture the
differential impact of COVID-19 to the various sectors and industries in the
economy, we calibrate our model using the sector-level economic forecasts
published by RSQE during the pandemic (RSQE, 2020). The publication
provides growth rate forecasts for the overall national GDP growth rate and also
the growth rate forecasts for individual sectors. We assume that for any given
level of GDP growth rate forecasts, the change in GDP in individual sectors is
proportional to those forecasts by RSQE. For example, the RSQE forecast for the
overall GDP growth for 2020 is —2.37% and the growth rate forecast for natural
gas is -0.08%. Then for an overall GDP growth of —3.6% (World Bank), the
corresponding growth rate for natural gas is (—-0.08%)/(—2.37%) * (-3.6%) =
—0.12%.

Using the settings described above, we first run four rounds of simulations
corresponding to the four scenarios at the national level. Then based on the
input-output model embedded in REMI, we run simulations at regional level,
Texas, for the four scenarios.

Results are presented at the national, regional and sectorial level, highlighting
the sectors of the Texas economy that are more impacted than others as well as
which may recover more quickly. This differs from most current analysis which
has focused only on the aggregated impacts. A technical note on REMI
simulation methodology is included in the Appendix A. While REMI is capable
of making forecasts to 2060, results are limited to 2020-2026. For 2022-2026, it
is assumed the economy returns to normal.

3 Results and Discussion
3.1 Impact on GDP and job loss
Results are listed in Tables 2-5. Table 2 shows the changes in GDP and number

of jobs at the national level while Table 3 shows the changes in Texas. Table 4
reports the most and least impacted industries in terms of employment and Table
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5 reports the unemployment rate in 2021.

Table 2 National GDP and Employment Impact
Indicators 2020 2021 2022 2023 2024 2025 2026  Cumulative

Scenario 1 Optimistic

Job
(thousand)

Job change -5.52% -1.09% 1.06% 0.85% 0.54% 0.21% 0.07%
GDP

—-11,540 -2,234 2206 1,776 1,131 447 145

($ billion) -996  -102 298 284 242 197 190 112
cg?lge -5.14% -0.52% 1.49% 1.40% 1.17% 0.93% 0.89%
Scenario 2 Moderate
(thoJuOst;nd) -11,540 -5,115 -561 -1,018 -1,688 -2,392 -2,712

Job change -5.52% -2.48% -0.27% -0.49% -0.81% -1.14% -1.29%
GDP

($ billion) -996 -379 29 7 —42 -95 -108 -1,584
GDP -5.14% -193% 0.15% 0.04% -0.20% -0.45% -0.51%
change
Scenario 3 Severe
Job -11,760 -8,124 -4233 4,724 -5426 -6,157 —6,498
(thousand)

Job change -5.63% -3.95% -2.04% -2.27% -2.60% -2.94% -3.09%
GDP

($ billion) -1,015 -666 =319 351 —410 473 —496 -3,730
GDP -5.23% -3.38% -1.60% -1.73% -1.98% -2.24% -2.31%
change

Note: Table 2 shows the GDP and job loss at the national level from 2020 to 2026. Negative
numbers indicate loss in GDP or the number of jobs. Changes in GDP and employment at the

national level in comparison to the standard control which assumes no COVID-19 outbreak.

Since the estimated GDP growth for 2020 from all three sources is around
—3.5%, the estimated GDP and job losses in 2020 is virtually the same under the
optimistic, moderate and severe scenarios. At the national level, about 11.5
million or 5.5% of the jobs and $996 billion or 5% in GDP are lost in 2020." In
Texas, the job loss is 1.2 million or 6.58% and the loss in GDP is $106 billion in

' Note that the GDP loss reported here refer to the loss in comparison to the baseline model
without COVID-19. The negative GDP growth rate entered in REMI input refers to the change
in GDP in 2020 in comparison to GDP in 2019. Since the baselines are different, these two
percentages, GDP loss and GDP growth are not directly comparable.
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2020, equivalent to a 5.89% decline.

Table 3 Texas GDP and Employment Impact
2020 2021 2022 2023 2024 2025 2026  Cumulative

Scenario 1 Optimistic

Job
(thousand) -1,210 —656 -358 —443 -533 -612 —655
Job change —6.58% -3.60% —1.94% -2.39% -2.85% -3.25% -3.45%
GDP
($ billion) -106 -53 =30 -37 —45 -52 -55 -378
GDP
-5.89% -2.88% -1.61% -1.92% -2.29% -2.59% -2.69%
change
Scenario 2 Moderate
Job
(thousand) -1,210 -839 -517 -599 -691 =777 -827

Job change -6.58% -4.61% -2.80% -3.23% -3.70% -4.13% -4.36%
GDP

($ billion) -106 71 -46 -53 —62 -70 -75 —484

C}(i?llg’e -5.89% -3.87% -2.47% -2.78% -3.16% -3.50% -3.64%
Scenario 3 Severe

(thojli)sk;nd) -1,235 -1,041 -756 833 -927 -1,018 -1,077

Job change -6.72% -5.72% -4.10% -4.50% -4.96% -5.41% -5.67%
GDP

($ billion) -108 -91 -69 =77 —-86 -96 -102 -629
cl?e?lze —6.01% —-4.94% -3.70% -3.99% —-4.39% —4.76% -4.95%

Note: Table 3 shows the GDP and job loss in Texas from 2020 to 2026. Negative numbers
indicate loss in GDP or the number of jobs. Changes in GDP and employment at the national

level in comparison to the standard control which assumes no COVID-19 outbreak.

During the recovery period, the projected recovery rates differ significantly
across the three sources we considered, IMF, RSQE, and the World Bank. Under
the optimistic scenario, with the highest recovery rate of 6.4% in 2021 and 3.5%
in 2022 (projected by IMF), job loss and GDP loss are reduced to 2.2 million and
$102 billion in 2021 at the national level. Starting from 2022, the number of jobs
and GDP are both fully recovered and start to grow. In comparison, economic
recovery In Texas is much slower, both the numbers of the jobs and GDP
continue to be below the corresponding pre-COVID baseline levels. Job loss in
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2021 and 2022 is projected to be 0.7 and 0.4 million, while GDP loss in these
two years is $53 and $30 billion, respectively. By 2026, the cumulative GDP loss
in Texas is $378 billion.

Table 4 Impact by Industries in 2020, Number of Job Change in Thousand

Top Five Number of Jobs
Health care and social assistance -206
Construction —147
Accommodation and food services -119
Other services (except public administration) -109
Finance and insurance -96

Bottom Five

Federal civilian 2
Federal military

Forestry, fishing, and hunting 4
Farm 17
State and local government 50

Note: Table 4 shows the most and least impacted industries in terms of employment in Texas in
2020.

Table 5 Unemployment Rate 2020

Optimistic Moderate Severe

National
Number of jobs 203,634 200,753 197,744
Labor force 163,747 163,747 163,747
Unemployment rate 4.73% 6.08% 7.49%

Texas

Number of jobs 17,541 17,358 17,156
Labor force 14,078 14,051 13,957
Unemployment rate 5.01% 6.35% 7.76%

Note: Table 5 shows the number of jobs and unemployment rate in 2021 at the national level

and in Texas.

Under the moderate scenario, with a GDP growth rate of 4.9% and 3.6% in
2021 and 2022, the national economy will not fully recover within our estimation
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period. In the post-pandemic recovery, approximately 5 million jobs (2.48%) and
$379 billion (1.93%) in GDP will be lost in 2021 at the national level. In Texas,
about 0.7 million (3.6%) jobs will be lost and the GDP loss amounts to $53
million (a 2.9% decline) in 2021, in comparison to the baseline model without
the outbreak. However, since the recession in 2020 sets the GDP to a much lower
base, the economy will grow with a much lower magnitude during the
post-pandemic recovery. By 2026, the cumulative GDP loss is $1.584 billion at
the national level and $484 in Texas.

Under the severe scenario, the post-pandemic recovery is much slower. In
2021, almost 8 million jobs (4%) and $666 billion (3.4%) in GDP are lost
nationwide. The Texas job loss is 1 million or 5.7% and the GDP loss is as high
as $91 billion or 5%. By 2026, the cumulative GDP loss in Texas amounts to
$629 billion.

The Texas economy is the second largest in the U.S with a regional GDP of
$1.8 trillion in 2018. Overall, the impact of the pandemic in Texas is significant,
accounting for more than 10% of the national GDP loss. In comparison to the
impact on the national economy, the percentages of GDP loss and job loss in
Texas are above the national level losses, suggesting the severe impact to the
Texas economy as a result of both the pandemic and oil shock.

3.2 Job Loss by Industries

Next, we examine job loss by industries. Table 4 shows the top five and bottom
five industries in job loss in Texas in 2020. Health care and social assistance
ranks the first, with 206 thousand jobs lost in Texas. This may first appear to be
conflicting with the ongoing pandemic since more health care are needed with
the outbreak. However, according to McDermott and Cox (2020), more than 1.5
million healthcare jobs were lost from February through April 2020. Due to the
concerns on hospitable being overwhelmed by COVID-19 cases, many
“non-emergency, elective, or routine medical serves were delayed or cancelled”
(McDermott and Cox, 2020). Construction and Accommodation and food
services also appear on the top list, ranked the second and third, with 147
thousand and 119 thousand job losses respectively. New construction seems most
negatively impacted initially by the economy lockdown and financial difficulties

due to job loss. Accommodation and food services 1is relatively labor-intensive.
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The Starting from March 2020, restaurants and bars are either temporarily closed
or only provide taking-out orders during the pandemic. According to a report
from the National Restaurant Association (2020), “restaurants have lost nearly
three times more jobs than any other industries since the beginning of the
coronavirus outbreak.” Thus, it is not surprising that Food services and drinking
places incur the most job loss.

Although the overall Texas economy experiences a severe recession in early
2020, certain industries experience mild or no job loss, and some even gained
jobs. State and local government sees an increase in job by 50 thousand. In
general, some of the agricultural industries also experience job gains, including
Forestry and logging, Fishing, and Farm. Social distancing and lockdown most
likely have a limited impact on such industries.

3.3 Unemployment Rate

All economies are interconnected economic systems at the national, state, and
local levels. This is reflected in the fact that some industries may gain workers
while others lose them. This dynamic reflects the nature of labor mobility. Parts
of the workforce are thus pushed to industries that are hiring from those that are
not. The employment change reported in the model reflects the percentage and
the number jobs lost due to the pandemic outbreak. According to US Department
of Labor, the annual unemployment rate in the US is 8.1% in 2020, increased by
4.4 percent points from the previous year. Texas unemployment rate in 2020 is
7.6%, slightly lower than the national average. With the economy recovers from
the pandemic in 2021, employment may improve. However, given the severe
impacts from the pandemic, recovery in employment may take longer than under
other scenarios or shocks. We convert the job loss to an unemployment rate in
2021 and report the results in Table 5. Appendix B provides details the
conversion method.”

At the national level, the annual unemployment rate in 2021 ranges from 4.7%
to 7.5%. According to US Department of Labor, the national unemployment rate
in April 2021 is 6.9%. The Texas annual unemployment rate is between 5% and

2 Given the method we used, the converted unemployment rate may underestimate the actual
rate.
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7.7% in 2020, slightly above the national level. This corresponds to our findings
in job loss in that the job loss and GDP loss in Texas are higher than the national
level in percentage. Although the projected unemployment rate at the national
level and in Texas are lower than the rate in 2021 even under the severe case, the
projected unemployment rates in 2021 are still much higher than the
pre-pandemic levels. This suggests that the recovery of the economy and
employment can take years.

The outbreak of COVID-19 is a rapidly evolving situation. The goal of this
analysis is to provide the best estimates based on information currently available.
Future changes in the disease spread and policy responses can affect the
economy and may require further adjustments.

4 Conclusion

This paper estimates the synergistic economic impact of COVID-19 and an oil
price shock on the US economy and Texas economy. To provide a more complete
picture and to facilitate comparison, we report the economic impact both at the
national level and the state level. Results indicate that Texas face a tougher job in
economic recovery than the national economy.

The simulations presented here offer some insight into the damage being done
to the economy. As policy makers look to support recovery and suppress the
impact of COVID-19, paying attention to health care and food services sectors,
will provide the most economic relief to the hardest hit portions of the economy.

The simulations presented here provide some general conclusions that can be
drawn from the examination of COVID-19 impact on Texas and the nation.
First, the role technology will play in the future will be greater. E-commerce,
online learning, tele-medicine, and work from home have proven to be more
viable than expected. This may fundamentally change consumer behavior and
how the economy evolves both positively or negatively. Second, globalization
and global supply chains have exposed vulnerabilities. Major changes in global
supply chain utilization and management should be expected in the future. As the
negative impacts associated with COVID-19 persist and reopening the economy
get delayed, it may be the case that the most pessimistic forecast associated with
this study is the most accurate.
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Appendix
A Note on REMI Simulation Methodology
In the most recent REMI update, the RSQE forecast is adjusted and adopted in

the modeling options.3 Thus, we can conduct the simulation at the national and
regional level directly for our optimistic scenario. In the REMI update, the GDP

} In addition to adopting the GDP forecast from RSQE, further adjustments are made to
Income, Unemployment and Labor Productivity. Since the RSQE forecast represents our
optimist scenario, we also adopt the same adjustments in these categories in the other two
scenarios so that these three scenarios are comparable.
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growth rate forecasted by RSQE is allocated to the 85 major sectors (named
components in REMI) with adjusted component-level growth rates. In
comparison to a uniform component-level growth rate, such adjusted growth rate
allows for sector-specific changes. This better reflects how each sector in the
economy is impacted by the pandemic and policies such as lockdown and social
distancing. For example, certain sectors face complete shutdown while others
face limited business activities. Work-from-home can be easily adopted for
certain businesses but may not be feasible for others.

To implement other GDP growth rate forecasts in REMI, we adopt a similar
method as the one in the REMI update. We first obtain the component-level
growth rate from the REMI update, then rescale them based on the GDP growth
rates. This also allows us to compare results from the three scenarios directly.

B Note on Converting Job Loss to Unemployment Rate

The employment change reported in REMI reflects the percentage and the
number jobs lost due to the pandemic outbreak. We convert it to unemployment
rates using the method below. Since people can have more than one job, the
percentage change in job loss is not equivalent to the percentage change in
unemployment rate. We first obtain the annual unemployment rate of 3.66% in
2019 from Bureau of Labor Statistics. Then using the labor force and total
number of jobs from REMI, we can find out the average number of jobs each
employee has using the following equations.

Number of people employed,g;9= Labor force,g;o*(1-umemployment
ratesog)

Jobs per person employed,g 9 = Total number of jobs;go/Number of
people employedyg;g

Assuming that the number of jobs per person employed remains the same in
2020, we calculate the unemployment rate as:

Annual unemployment rate,p;o = 1-(Total number of jobs;gye/Jobs
per person employedy;g)
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The same method is used to convert the job loss to unemployment rate both at
the national level and the state level, assuming that the unemployment rate in
Texas in 2019 is the same as that of the national rate in 2019. Note that during
the pandemic outbreak, it is possible that some of the jobs lost are from people
who have more than one job. Thus, the number of jobs per person employed can
be lower than the ratio estimated using the 2019 numbers when the economy is
under normal conditions. Therefore, the converted unemployment rate tends to
underestimate the actual unemployment rate.
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