Socio-Economic Impact of the Covid-19 Pandemic in the U.S.

Jonathan Barlow % and Irena Vodenskatl 2 3
Department of Physics, Graduate School of Arts and Sciences, Boston University, Boston, MA 02215, USA BOSTON
2 Laboratory for Interdisciplinary Finance and Economics (LIFE) Research, Metropolitan College, Boston University, Boston, MA 02215, USA UNIVERSITY
3 Administrative Sciences Department, Metropolitan College, Boston University, Boston, MA 02215 USA;

’g e Interpolated productivity data
Abstract = 1 e g Aftermath and Recovery

N - ontarm business ,/ \\
This work proposes a dynamic cascade model to investigate the § 1.03 1 x’ﬁ 0 syl e e T s Bl
systemic risk posed by sector-level industries within the U.S. inter- O 1.02 . ACASAneENG Spck g =t 100 e 7 B i cae canies S i 200
industry network. We then use this model to study the effect of the Sy01f o 6,,,/ y o - 0a24<r<022s , 175
disruptions presented by Covid-19 on the U.S. economy. We g 100l e ~§----=--=" T - :‘ " C c<r<o. : 15,03
construct a weighted digraph G = (V,E,W) using the industry-by- s | T R .- s / R € 0.96 g e (L VD G W 12558
industry total requirements table for 2018, provided by the Bureau 5099 a2 0 £ smerican Rescue (1008
of Economic Analysis (BEA). We impose an initial shock that S 0.98 o.6§3 Z: §0-94 ——  Consolidated Fian Adt 75 3
disrupts the production capacity of one or more industries, and we 9 0.97 " - ‘ 5.0 °
calculate the propagation of production shortages with a modified 2 . . . . | hd . . 5 o l ‘ T l q 25
Cobb—-Douglas production function. For the Covid-19 case, we - e Qs Q3 Q‘gﬁzmr_&f o Qs Q3 Al [ 0.1-_ P e T I A l0.0
model the initial shock based on the loss of labor between March A .. . _ 0.0 o 2 4 6 8 10 o (,,;:“’ S I A &,,,«,” A,,)o"’ FNLENLT N K,,;,"”
and April 2020 as reported by the Bureau of Labor Statistics (BLS). Fig 2: Interpolated guarterly productivity Ievels.ln Manufacturing " os t S @ § @ YR &S
The industries within the network are assigned a resilience that EME NSHRENT (SURINESs SEaieie. Qs e Covie-1e Smee O ‘ 01 02 F Figure 7: Comparison of the network response (dashed lines, left
determines the ability of an industry to absorb input losses, such Inelesize g veries cesee e ; S o0 vertical axis) with the Covid-19 positivity rates in the U.S. (solid
that if the rate of input loss exceeds the resilience, the industry Figure 4: The surface (left) shows the response of the network to line, right vertical axis). The network response is shown as dashed
fails, and its outputs go to zero. We observed a critical resilience, a general 50% manufacturing shock for t € [0, 10] and r € [0, 0.5]. lines for various regions of r and is indexed relative to March 2020
such that, below this critical value, the network experienced a On the right is the projection of the surface in the r-t plane. The output levels. Dates of signing of CARES Act, Consolidated
catastrophic cascade resulting in total network collapse. Lastly, we e PR e " critical resilience of the network due to this shock is r, = 0.080. Appropriations Act, and American Rescue Plan Act included.
model the economic recovery from June 2020 through March 2021 . - I The elasticities of labor and industrial inputs (a, y) are 0.7 and
USin g BLS d ata. - 06 | 0056 0022 005 0005 00053 0.0088 0.0064 0004 0.005 0.0072 0.0086 0.0084 0.016 O 3, respectively.

Discussion and Conclusion

0.0089 0.62 0.0048 0.0075 0.0064 0.012 0.0078 0.0038 0.011 0.0042 0.0056 0.012 0.0049 0.0059

22

-0.20

0.0067 0.012 0.52 0.0037 0.0036 0.0051 0.0058 0.003 0.018 0.0027 0.0033 0.0043 0.0053 0.017

23

Our objective in this study is to first estimate the systemic risk
posed by individual sector level industries. We model the
production of each industry via a modified Cobb—Douglas function,
where an industry’s outputs rely on their productivity, labor input,
and industrial inputs from upstream suppliers. The propagation of
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For this study, we use data from the Bureau of Economic Analysis The basis of the model is the modified Cobb-Douglas Equation recovery, reaching the initial pre-Covid economic output levels.
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