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Motivation

COVID-19 pandemic spurred an unprecedented increase of work from home
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Note: Work from home rate definition according to Barrero et al. (2023) using ATUS data.
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This Paper

Study the macroeconomic impact of the “work from home (WFH) revolution”

1. Core theoretical framework

+ Setup: consider 3 sources of increased WFH rates: productivity, price, preferences
« Theoretical analysis: analytically show impact of increased WFH on firm entry, exit, size

2. Quantitative model

* Generalization: extend core theory along several dimensions, parameterize to U.S. economy
* Quantitative analysis: importance of driving sources and overall macro impact of higher WFH
* Validation: compare key model predictions to data
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* see e.g. Battiston et al., 2021; Yang et al., 2022; Emanuel, Harrington, 2023; Gibbs et al., 2023

2. Price: WFH can reduce (non-wage) costs
+ lower costs of office space, supplies, employee benefits, employee turnover
* see e.g. Barrero et al., 2022; Barrero et al., 2023; Bloom et al., 2023

3. Preferences: workers may prefer WFH
+ willing to sacrifice wages in return for WFH flexibility

* see e.g. Mas and Pallais, 2017; Barrero et al., 2021; He et al., 2021
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*+ Productivity: f(w) € [0, 1], f(w) < 0: WFH lowers productivity
* Price: g(w) € [0, 1], g’(w) < 0: WFH lowers costs
* Preferences: h(w) € [0, 1], h’'(w) < 0: WFH lowers wage costs
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Core Theoretical Framework: Firm Values, Entry and Exit

Profits

Firm value
= max 3 —0)|'m(2) =m Xﬁ
V(Z) = ni ;[ﬂ“ 6)] (Z) n,i 1 —5(1 - 6)

+ 3 :discount factor, § : exogenous exit rate

Firm entry (free entry):

Ke = / v(2)h(z)dz,

* ke : entry cost, h(z) productivity distribution
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Theoretical Results: Optimal Work From Home Rates

Proposition: Optimal Work From Home Rates
Consider g(w) = h(w), then (interior) optimal WFH rates satisfy the following:
a) if ko = 0, then w* are common across firms implicitly given by

) gl
o) 9/

b) if ko > O, then:
ow*

0z <0

Proposition: Impact of Work From Home Revolution
Consider an increase in w* driven by an exogenous improvement in its productivity (1 f(w)),
reduction in its price (] g(w)) or an increase in its preference (| h(w)), then:

or

— >0
8w*>
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Quantitative Model: Generalizations

1. endogenous labor supply with a preference for WFH

2. fixed setup costs (mf) of remote work

3. persistent firm-level productivity shocks (¢; ) and endogenous long-run differences, z;
4. physical capital (k;¢) as a production input, investment (x; ) subject to adjustment costs

5. stochastic fixed costs (ko) and endogenous firm exit (v (k;))

More details?
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* f(1) =~ 0.86, roughly mid-point in current estimates (see e.g. Battiston et al. 2021; Yang et al.,
2022; Emanuel and Harrington, 2023; Gibbs et al., 2023)

* f(0.04) =~ 0.998 and g(0.04) ~ 0.987, roughly in line with e.g. Barrero et al. (2023)
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Assume “low” and “high” types in both productivity, z, and setup costs, x*
+ k¢ = 0: some firms have necessary hard-/soft-ware, free software options
* Ky : target fraction of large firms conducting remote work (BLS)
* z,, Z,;: target average firm size among small firms and overall (BED)

* V; : business opportunities in 4 different types set to target
* startup “success rate” (exit within 1st year, BED)
* share of small firms (BED)
+ share of firms conducting WFH (BLS)

Other parameters set in a “standard” fashion
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Remote work economy, same as baseline butf, g and h different to target:
* higher remote work rate overall (23% vs 4%, BLS)
* higher remote work rate among large firms, relative to all (1.3 vs 1.1, BLS)

+ willingness to sacrifice wages (4% vs 0 for hybrid setting)
+ see e.g. Mas, Pallais (2017), Vij et al. (2023), Barrero et al. (2021)

Implied changes in WFH productivity, price and preferences
* in baseline: f(0.04) =~ 0.998, 9(0.04) ~ 0.987 and h(0.04) = 1
* in remote economy: f(0.04) ~ 0.9985, g(0.04) ~ 0.978 and h(0.5) ~ 0.967
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Results: Driving Forces
Changes in preferences dominant driver of WFH rise

+ without preference change, WFH rate increases “only” to 11 percent

Lower price of WFH shifts distribution of firms towards smaller businesses

+ share of very small businesses (1-4 workers) 1 by about 5 p.p in the model (7 in data)

Higher productivity of WFH increased average firm-level productivity by about 1%
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Size Exit rate
Entry rate Entrants  Young old Exiters All Young Old
Model +13% —16% -18% —15% —-21% +13%  +5% +19%
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Results: Business Dynamism in Model and Data

Size Exit rate
Entry rate Entrants  Young old Exiters All Young Old
Model +13% —-16% -18% —15% —-21% +13% +5% +19%
Data +28% —24% -18% —15% —22% +15% +1% +22%
170 T T T
) 7
160 ’~ 4
P \
150 ‘L . <
1

S 130
C‘1|3
3 120 4
N

110 BED: establisment births 1

........ BDS: establishment entry
100 — = BFS: applications 4
BFS: high-prop. applications
——s— Model: remote/baseline
90 1
80 L L L L L
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“...surprising surge in applications for new businesses...” (Decker and Haltiwanger, 2024)
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Results: Aggregate Output and Welfare

More details

Panel A: Full adjustment
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Overall 2.9 0.2
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P 11 17 03 0.1
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Panel A: Full adjustment

Output (Y) Welfare (W)
Overall 2.9 0.2
Components (NQKPa)e ¢ N
P 11 17 03 0.1

Key forces: Increased entry vs composition change (to smaller, less productive, firms)

* (absence of) entry barriers key for macroeconomic impact of WFH revolution

Panel B: No change in the mass of firms

Output (Y) Welfare (W)
Overall -1.5 0.0
(NoKT—)8 C N

Components 06 ~1.0 -0.0 0.0
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Model Mechanism in Data: New Identification Strategy
Model predicts that, at the firm-level, the remote work revolution leads to
+ decline in (non-)wage costs and productivity
Novel identification strategy using “rental commitments” in Compustat
Inyje = o+ BeL(E)j + BrL(T)je + Ber1(T) L(E); + X0 + ¢

+ y : object of interest (costs, productivity)

* 1(E) : indicator fce =1 when firm is “exposed”, 1(T) : indicator fce=1 for 2020-2023
* “exposure”: firm has no rental commitments as of 2020 (can “downsize”)
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Model Mechanism in Data: Results

Model predicts that, at the firm-level, the remote work revolution leads to
+ decline in (non-)wage costs and productivity
Novel identification strategy using “rental commitments” in Compustat

|nyj,r =+ ﬁf]l(f)j + ﬂrl(T)j’t + ﬁgr]l(T)Lt]l(E)j + X6+ €t

rental costs fixed costs variable costs productivity

(M (2) 3) (4) (5) (6) (7 (8)

Exposure, gy —0.46***  —-0.55***  —-0.19**  —-0.10** -0.10  -0.09** —-0.07* —0.06**

(0.05) (0.07) (0.08) (0.04) (0.08) (0.04) (0.04) (0.03)
Fixed effects v v v v
R-squared 0.02 0.43 0.06 0.55 0.0002 0.50 0.01 0.41

Observations 23,006 23,006 23,018 23,018 25,666 25,666 25,139 25,139
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Remote work surged since 2020
+ show theoretically why/how remote work changes affect business dynamism
* build rich model to quantitatively evaluate macroeconomic impact

Key results
* remote work rise predominantly driven by preferences
« more favorable/desired remote work conditions encourage firm entry
+ but small (less productive) firms benefit more (conditional on conducting WFH)
« overall welfare impact depends on relative strength of the two
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Conclusion

Remote work surged since 2020
+ show theoretically why/how remote work changes affect business dynamism
* build rich model to quantitatively evaluate macroeconomic impact
Key results
* remote work rise predominantly driven by preferences
« more favorable/desired remote work conditions encourage firm entry
+ but small (less productive) firms benefit more (conditional on conducting WFH)
« overall welfare impact depends on relative strength of the two

Next steps
+ consider further heterogeneity - workers by education/occupation
+ implications for “new business types”?
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Incumbent Firms: Values and Decisions

Firms which have not yet paid remote work setup cost:
Vi(Ze, ko) = max {me + B(1 = 6)uj(Zie ki) }
lj,tsA) t
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Incumbent Firms: Values and Decisions

Firms which have not yet paid remote work setup cost:
V(e ki) = max e+ B(1 = )uy(Zie. i)}
1,07,

uj(zj,ﬁ kj,t) = / max |:V;((kj,t+’l )7 Evj(zj,t-H s kj,t+1) — EO, Evf(zj,l’+1 N kj,t+1) — 7{0 — Iif:| dHK(%O)

Firms which have paid remote work setup cost:

VP2 kie) =  max {w,,t+5(1 —5)uj‘f’(zj7t,kj,t)}

), 65X, ¢5w), ¢

WGl = / mex [fo(kf“ ) BV (Zern, Kjesr) = Eo] dH,(Fo)
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Firm Entry: Endogenous Long-Run Differences

Build on setting in Sedlacek, Sterk (2017)
+ assume I firm types (combinations of z; and nf)
+ potential entrants are free to attempt to start a business of a particular type
* but, they compete for limited mass of exclusive opportunities in each type, ¥;
+ potential entrants cannot coordinate and, therefore, not all startup attempts, s;, succeed

» mass of successful startups given by m; = s ~¢
Assuming free entry gives
m, _ _
Ke = S—’ / max [V(z,0;Z;, ), v¥(2,0;Z;, k) — k'] dH,(2)
i
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Parameterization table

Parameter Value  Target/Source Data  Model
8 Discount factor 0.96 Interest rate of approx. 4%
a Labor elasticity of output 0.65 Labor share in income of approx. 65%
(4 Returns to scale 0.90  Basu, Fernald (1997) estimate
8,  Capital depreciation 0.08  Cooper, Haltiwanger (2006)
v Disutility of labor 0.0173  Normalization, W =1
ke  Entry cost 0.67 Normalization, sy + s, = 1
o Elasticity of entry function 0.156  Sedldcek and Sterk (2017)
#7  “Low" remote work setup costs 0.00  Normalization, minimum remote work setup cost of 0
}v Speed of remote work productivity losses —0.151  Productivity loss of fully remote work, Battiston et al. (2021) 14%  14%
g Speed of remote work cost savings 0.325  Average work from home rate, ATUS 41% 3.9%
h Degree of household preferences for remote work  0.325 ~ Wages unresponsive to remote work 0 0
&y, Non-wage labor costs 0.255  Avg wih rate of 100+ over 100— firms, ATUS & ASEC 112 112
w4 “High” remote work setup costs 5.3 Share of large firms conducting remote work, BRS 30%  29%
W, Share of “low” remote work setup costs 0.195  Share of firms conducting remote work, BRS 3% 23%
W Mass of “low” business opportunities 1.1e — 4 Share of small (< 50) businesses, BED 95%  94%
Wy Mass of “high” business opportunities 9.2e — 6 Startup success rate, BED 21%  24%
zxp  Mean “high” productivity 0.131  Average establishment size, BED 154 149
2z, Mean “low” productivity 0.104  Average establishment size of small (< 50) businesses, BED 6.8 7.6
P Productivity persistence 0.723  Establishment size life-cycle profile, BED see Figure 3
o, Productivity shock dispersion 0.208  Establishment size life-cycle profile, BED see Figure 3
(o Capital adjustment costs, fixed 0.001  Establishment size life-cycle profile, BED see Figure 3
¢ Capital adjustment costs, variable 0.61  Establishment size life-cycle profile, BED see Figure 3
px  Overhead costs, mean 0.795  Establishment exit life-cycle profile, BED see Figure 3
g, Overhead costs, dispersion 2.49 Establishment exit life-cycle profile, BED see Figure 3
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Model Fit
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Model Fit

« match TFP persistence and dispersion (Foster et al., 2008)
« match level and dispersion of investment rates (Cooper, Haltiwanger, 2006)
« match share of gazelles (Haltiwanger et al., 2016)

« match size distribution of share of firms conducting remote work
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Aggregate Effects: Details
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