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Investment Growth

4



Investment over GDP
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Questions

■ Investment constitutes  20% of GDP  

■ Yet, it is the most volatile component of GDP 

■ What determines investment? 

• Recall in Solow model, this was mechanical,  

■ How can a policy stimulate investment in recessions?

≈

It = sYt
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Investment with Two Periods
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Setup
■ Consider a firm operating the following production function 

 

■ Firms own capital stock  and invest with convex adjustment costs  
 

■ Firms hire labor in the competitive labor market with wage  

■ The firm maximizes the presented discounted value of dividends 
 
 
where  is the profit of a firm in period 

Kt Φ(It, Kt)

wt

Dt = Ft(Kt, Lt) − wtLt − It − Φ(It, Kt) t
8

Ft(Kt, Lt) = AtKα
t L1−α

t

D0 +
1

1 + r
D1

K1 = (1 − δ)K0 + I0, δ : depreciation rate



Adjustment Costs

■ We assume the following adjustment cost function 
 
 

■ This function is increasing and convex in  
• The additional investment costs more when you are already investing a lot 

■ This function is constant returns to scale in  
• doubling your investment and capital also doubles the cost of investment

I

(I, K)
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Φ(I, K) =
ϕ
2 ( I

K )
2

K



Firm’s Problem
■ Given , a firm solves 

 
 
subject to 

■ The first-order conditions with respect to : 

■ The first-order condition with respect to  is 
 
 
 
LHS: marginal cost of investment,     RHS: marginal benefit of investment

K0

Lt

I0
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max
L0,I1,K1,L1

[F0(K0, L0) − w0L0 − I0 − Φ(I0, K0)] +
1

1 + r [F1(K1, L1) − w1L1]

K1 = K0(1 − δ) + I0

∂Ft(Kt, Lt)
∂Lt

= wt

1 +
∂Φ(I0, K0)

∂I0
=

1
1 + r

∂F1(K1, L1)
∂K1

(1)

(2)



Investment Solution
■ With our functional forms, we can solve for labor demand using (1): 

■ Equation (2) is 
 
 

■ Combining (3) and (4), 
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Lt = (1 − α)1/αA1/α
t w−1/α

t Kt

1 + ϕ
I0

K0
=

1
1 + r

αA1Kα−1
1 L1−α

1

(3)

(4)

I0

K0
=

1
ϕ [ 1

1 + r
α(1 − α)1 − α

α A
1
α
1 w− 1 − α

α
1 − 1]



Comparative Statics

Investment is higher when   

■ interest rate, , is lower 

■ future productivity, , is higher 

■ future wage, , is lower 

All should be intuitive

r

A1

w1
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(5)
I0

K0
=

1
ϕ [ 1

1 + r
α(1 − α)1 − α

α A
1
α
1 w− 1 − α

α
1 − 1]



Value of Firms

■ Let us rewrite firm’s investment in a different way 

■ Define the value of firms (discounted future profits): 
 

• In principle,  should correspond to the stock price of the firm 

■ Using the definition, , and labor demand (3), 
 
 

■ Define , which we call “q”

V1

D1 = F1(K1, L1) − w1L1

q1 ≡ V1/K1
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V1 =
1

1 + r
D1

V1 =
1

1 + r
αA

1
α
1 (1 − α)1 − α

α w− 1 − α
α

1 K1



Q-Theory of Investment
■ With the definition of “q”, we can rewrite investment equation (5) as 

 

■ We often refer to the above expression as “q-theory of investment” 

■ Investment is positive if  , and negative if  
• Invest if the average value of capital is higher than its cost for the first investment  
• Disinvest if the average value of capital is lower than its cost 

■ Importantly, … 
• is easily measurable: just divide the stock value by the capital stock! 
• summarizes the impact of  (“sufficient statistics”)

q1 > 1 q1 < 1

q1

r, w1, A1
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I0

K0
=

1
ϕ [q1 − 1]



Investment with Many Periods
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Investment Problem with Many Periods
■ We generalize the previous model to many periods,  

■ The firm solves 
 
 
 
subject to

t = 0,…, T

16

max
{It,Kt+1,Dt,Lt}

T

∑
t=0

1

∏t−1
s=0 (1 + rs)

Dt

Dt = Ft(Kt, Lt) − wtLt − It − Φ(It, Kt)

Kt+1 = (1 − δ)Kt + It



Lagrangian
■ The Lagrangian is 

 
 

■ First-order conditions with respect to  areLt, It, Kt
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ℒ =
T

∑
t=0

1

∏t−1
s=0 (1 + rs)

{[Ft(Kt, Lt) − wtLt − It − Φ(It, Kt)] + qt+1 [(1 − δ)Kt + It − Kt+1]}

∂Ft(Kt, Lt)
∂Lt

= wt

1 +
∂Φ(It, Kt)

∂It
= qt+1

qt =
1

1 + rt−1 [ ∂Ft(Kt, Lt)
∂Kt

−
∂Φ(It, Kt)

∂Kt
+ (1 − δ)qt+1]



Optimality Conditions
■ With our functional form assumptions, the first two conditions can be written as 

 
 
 

■ Using the above two, the thrid condition is
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qt =
1

1 + rt
αAt+1Kα−1

t+1 L1−α
t+1 +

ϕ
2 (

It+1

Kt+1 )
2

+ (1 − δ)qt+1

=
1

1 + rt
α(At+1)

1
α(1 − α)1 − α

α w− 1 − α
α

t+1 −
It+1

Kt+1
−

ϕ
2 (

It+1

Kt+1 )
2

+ (
It+1

Kt+1
+ (1 − δ)) qt+1

It

Kt
=

1
ϕ [qt − 1]

Lt = (1 − α)1/αA1/α
t w−1/α

t Kt (7)

(8)



Firm’s Value
■ Define the firm’s value as the cumulative discounted sum of future profits

19

Vt =
T

∑
k=t+1

1
∏t

s=t (1 + rs)
Dk

=
1

1 + rt
Dt+1 +

T

∑
k=t+2

1
∏t

s=t+1 (1 + rs)
Dk

=
1

1 + rt
[Ft+1(Kt+1, Lt+1) − wt+1Lt+1 − It+1 − Φ(It+1, Kt+1) + Vt+1]



Firm’s Value per unit Capital = Q
■ The firm’s value per unit capital is, using (6), 

 
 
 
 
 
 
 

■ Comparing (8) and (9), we conclude
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Vt

Kt
=

1
1 + rt

α(At+1)
1
α(1 − α)1 − α

α w− 1 − α
α

t+1 −
It+1

Kt+1
−

ϕ
2 (

It+1

Kt+1 )
2

+
Kt+1

Kt

Vt+1

Kt+1

=
1

1 + rt
α(At+1)

1
α(1 − α)1 − α

α w− 1 − α
α

t+1 −
It+1

Kt+1
−

ϕ
2 (

It+1

Kt+1 )
2

+ (
It+1

Kt+1
+ (1 − δ))

Vt+1

Kt+1
(9)

qt =
Vt

Kt



Q-Theory of Investment
■ Q-theory of investment: 

 

■ Investment is positive if and only if   
• The average value of capital, “q”, is higher than its cost 

■ “q” is of course a function of parameters: 
 
 
 

•  is higher if  is higher,  is lower, and  is lower

qt > 1

qt At rt wt
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It

Kt
=

1
ϕ [qt − 1]

qt =
1

1 + rt
α(At+1)

1
α(1 − α)1 − α

α w− 1 − α
α

t+1 −
It+1

Kt+1
−

ϕ
2 (

It+1

Kt+1 )
2

+ (
It+1

Kt+1
+ (1 − δ)) qt+1



Corporate Tax and Investment 

— Chodorow-Reich, Smith, Zidar, and Mahon (2025)
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TCJA of 2017

■ In 2017, President Trump signed the Tax Cuts and Jobs Act (TCJA)  

■ It was the largest corporate tax cut in the history of the US 
• lowered the top statutory corporate tax rate from 35% to 21% 

■ The main goal was to increase investment by aligning with international levels 
• The US corporate tax rates had remained stable for 30 years 
• In contrast, corporate tax rates fell in many other countries 

■ How did TCJA affect U.S. firms' investment?

23



Foreign Investment Outpaces Domestic Investment 

24

Figure 1: Activity by U.S. Firms is Increasingly Global

Global vs. U.S. Capital, 1967–2019 Global vs. U.S. Investment, 1967–2019
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Global vs. U.S. Revenues, 1967–2019 Global vs. U.S. Cash, 1967–2019
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Notes: These figures use merged Compustat and Statistics of Income (SOI) datasets to plot aggregates, for do-
mestic variables versus global variables for firms we are able to merge each year. We scale each variable to 100
in 1967 after converting totals to 2019 dollars (Appendix Figure F.1 presents figures with unscaled totals). We
use the following Compustat variables for global measures: PPENT for capital, CAPX for investment, SALE for
revenues, and CHE+IVAO for cash. Pre-1993 SOI investment only includes investment-tax credit-(ITC)-eligible
basis, understating the divergence in the figure. The last year of Compustat PPENT excludes capitalized operating
leases per a change in accounting rules using data from Compustat Snapshot. We thank Yueran Ma for guidance
on this correction.

2.2 Main Corporate Provisions of the TCJA

Tax policy affects firm investment through changing the marginal effective tax rate (METR)

on corporate profits and the tax term in the cost of capital. Table 1 lists the major provisions

affecting these components for either domestic or foreign activity, along with the 10-year tax

revenue estimate from Joint Committee on Taxation (2017). These “static” estimates include

some behavioral responses, such as income shifting between tax bases or changes in tax credit

takeup, but they assume no effect of the TCJA on the aggregate capital stock.

8

Domestic Domestic     Global    Global



TCJA Package

25

Table 1: Main Provisions of the TCJA Affecting Investment

Provision Pre-TCJA Post-TCJA Cost ($)
Domestic Provisions
1. Top corporate rate 35% 21% →1.35T

2. Accelerated depreciation 50% bonus Full expensing for 5
years, then phase-out

→86B

3. Domestic Production Activi-
ties Deduction (DPAD)

9% of qualified produc-
tion activity income

None +98B

4. Alternative Minimum Tax Applicable if mean rev-
enues >$7.5M

None →40B

5. Foreign-Derived Intangible
Income (FDII)

None 37.5% deduction on ex-
port share of deemed in-
tangible income

→64B

6. Net operating losses 2 year carryback + car-
ryforward

No carryback and lim-
ited to 80% of income

+201B

Foreign Provisions
1. Foreign subsidiary income Taxable when repatri-

ated
Not taxed →224B

2. Global Intangible Low Tax
Income (GILTI)

None Minimum tax of 10.5%
on foreign deemed in-
tangible income

+112B

Total →1.35T

Notes: The table describes the main provisions of the TCJA affecting corporate investment. The last column shows
the estimated revenue impact over 2018-2027 from Joint Committee on Taxation (2017).

The most important provision for the domestic METR was the reduction in the statutory top

corporate tax rate for C-corporations from 35% to 21%. Of course, for many firms the METR

differs from the statutory rate because of credits or deductions that make taxable income neg-

ative or otherwise modify the effective rate. The TCJA also changed some of these provisions,

including limiting the deduction from carrying forward previous net operating losses (NOLs) to

80% of taxable income; repealing the Domestic Production Activity Deduction (DPAD), which

had reduced METRs for qualifying firms, especially in the manufacturing sector; and repealing

the corporate Alternative Minimum Tax (AMT). Furthermore, the relevance of the statutory

rate reduction for the METR depends on pre-TCJA behavior, because firms without taxable

income (perhaps due to high use of deductions and credits) or those facing binding limits on

credit usage do not face the statutory rate and hence do not experience the full rate reduction.10

10A firm without taxable income can still have a positive METR if the firm expects to pay taxes in the future,
because of loss carryforwards. The leading example of binding credit usage concerns General Business Credits

9



Corporate Tax System
■ Consider a firm buying $1 million worth of computers 

■ The firm owes corporate taxes on income net of business expenses 

■ Expenses on nondurable items (e.g., wages): 
the firm can immediately deduct the full cost of these items on its tax return 

■ Expenses on investment: 
the firm split deduction over multiple years (exact schedule differs by investment)

26
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Usually, the !rm follows the regular depreciation schedule in the top panel of 
Table 1. The !rst year deduction is $200,000, which provides an  after-tax bene!t 
of $70,000. Over the next !ve years, the !rm deducts the remaining $800,000. The 
total undiscounted deduction is the $1 million spent and the total undiscounted tax 
bene!t is $350,000.

The value of these deductions thus depends on the tax rate and how the schedule 
interacts with the !rm’s discount rate. We collapse the stream of future depreciation 
deductions owed for investment:

(1)   z   0  =  D 0   +   ∑ 
t=1

  T

        1 _____  (1 + r)   t      D t   , 

where   D t    is the allowable deduction per dollar of investment in period  t  ,  T  is the 
class life of investment, and  r  is the  risk-adjusted rate the !rm uses to discount 
future "ows.   z   0   measures the present discounted value of one dollar of investment 
deductions before tax. If the !rm can immediately deduct the full dollar, then   z   0   
equals one. Because of discounting,   z   0   is lower for  longer-lived items (i.e., items 
with greater  T  ), which forms the core of our identi!cation strategy.

In general, the stream of future deductions depends on future discount rates 
and tax rates. For discount rates, we apply a  risk-adjusted rate of 7 percent for 
 r  to compute   z   0   in the data, which enables comparison to past work. Our empirical 
analysis assumes the effective tax rate does not change over time, except when the 
!rm is nontaxable.6 When the next dollar of investment does not affect this year’s 
tax bill, then the !rm must carry forward the deductions to future years.7

6 We use the top statutory tax rate in the set of speci!cations requiring a tax rate. This is an upper bound on 
the more realistic effective marginal tax rate, which in turn depends on tax rate progressivity and the level of other 
expenses relative to taxable income. See, e.g., Graham (1996, 2000) for a method tracing out the marginal tax 
bene!t curve. The policies we study will increase the use of investment as a tax shield regardless of where the !rm 
is on this marginal bene!t curve. Except when current and all future taxes are zero, bonus increases the marginal 
tax bene!t of investment. 

7 This assumes that “carrybacks”—in which !rms apply unused deductions this year against past tax bills—have 
been exhausted or ignored. 

Table 1—Regular and Bonus Depreciation Schedules for Five-Year Items

Year: 0 1 2 3 4 5 Total

Normal depreciation
Deductions (000s) 200 320 192 115 115 58 1,000
Tax bene!t ( τ = 35 percent ) 70 112 67.2 40.3 40.3 20.2 350

Bonus depreciation (50 percent)
Deductions (000s) 600 160 96 57.5 57.5 29 1,000
Tax bene!t ( τ = 35 percent ) 210 56 33.6 20.2 20.2 10 350

Notes: This table displays year-by-year deductions and tax bene!ts for a $1 million investment in computers, a !ve-
year item, depreciable according to the Modi!ed Accelerated Cost Recovery System (MACRS). The top schedule 
applies during normal times. It re"ects a half-year convention for the purchase year and a 200 percent declining 
balance method (2× straight line until straight line is greater). The bottom schedule applies when 50 percent bonus 
depreciation is available. 

Source: Authors’ calculations. See IRS publication 946 for the recovery periods and schedules applying to other 
class lives (https://www.irs.gov/uac/about-publication-946).

Example (corporate tax rate = 35%)

Source: Zwick and Mohn (2017)



Modeling Taxes

■ Back to the two-period model 

■ Let  be the corporate tax rate 

■ Let  be the presented discounted value of deductions per unit investment 

■ For example, the firm’s profit at period  is 
 

τ

Γ

0

27

(1 − τ)[F0(K0, L0) − w0L0] − (1 − Γ)[I0 + Φ(I0, K0)]



Investment Problem with Taxes

subject to 

28

max
L0,I1,K1,L1

[(1 − τ)(F0(K0, L0) − w0L0) − (1 − Γ)(I0 + Φ(I0, K0))]
+

1
1 + r [(1 − τ)(F1(K1, L1) − w1L1)]

K1 = K0(1 − δ) + I0



Optimality Conditions
■ The first-order conditions are 

 
 
 
 

■ Plugging (10) into (11), 
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Lt = (1 − α)1/αA1/α
t w−1/α

t Kt

(1 − Γ)(1 + ϕ
I0

K0 ) =
1 − τ
1 + r

αA1Kα−1
1 L1−α

1

(10)

(11)

I0

K0
=

1
ϕ [ 1

1 + r
1 − τ
1 − Γ

α(1 − α)1 − α
α A

1
α
1 w− 1 − α

α
1 − 1]



Impact of Taxes in the Model

■ How does a change in corporate tax affect investment? 
 
 

■ How does a change in deduction affect investment? 
 
 

■ The model predicts that the investment should respond symmetrically to  & τ Γ
30

I0 =
1
ϕ [ 1

1 + r
1 − τ
1 − Γ

α(1 − α)1 − α
α A

1
α
1 w− 1 − α

α
1 − 1] K0

d log I0 = − [1 +
1

I0/K0

1
ϕ ] × ̂τ, ̂τ ≡

dτ
1 − τ

d log I0 = [1 +
1

I0/K0

1
ϕ ] × Γ̂, Γ̂ ≡

dΓ
1 − Γ



Impact of Taxes in the Data?
■ Data: 

• Corporate tax returns data 2011-2019 
• Focus on mid- and large-size firms  10,000 firms 

■ Empirical Strategy: 

• Compare firms experiencing different changes in  
• Why do firms differ in changes in ? 

- The investment types differ in depreciation allowance 
- Firms differed in investment types  different changes in  

• Why do firms differ in changes in ? 
- Corporate tax differs depending on income, credits, and deductions 
- Firm-level simulation to compute implied changes in 

≈

(τ, Γ)
Γ

⇒ Γ
τ

τ
31



Density of Tax Changes
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Figure 2: Kernel Density Distribution of Tax Changes

A: Pre- and Post-TCJA ω B: Pre- and Post-TCJA ω
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Notes: Panels A and B depict kernel density estimates for the domestic tax terms of interest. Panel C provides
kernel density estimates for ω̂ and ω̂ for domestic firms. Panel D provides kernel density estimates for ω̂ and ω̂ for
U.S. multinationals.

is ωi,t = (1→ 0.375↑ ϵi)↑ωs
i,t . For other firms and prior to the TCJA we set ωi,t = ωs

i,t .

Panel B of Figure 2 plots the pre- and post-TCJA distributions of ω. Both have modes around

their respective statutory rates of 35% and 21%. However, both also exhibit substantial mass

below the modes, reflecting firm-specific use of deductions and credits as well as NOLs. As a

result, Panels C and D show substantial variation in how much different firms’ METRs changed,

with larger percent reductions for firms with higher pre-TCJA METRs and smaller reductions

for firms directly affected by the repeal of DPAD or AMT.

To decompose the sources of variation in ω, we develop several tax rate measures that

isolate variation from different sources: base year income differences, net operating losses, tax

credits (e.g., general business credits), and base provisions (e.g., DPAD and the AMT). We find

22



Lower Taxes, Higher Investment
■ The model predicts

33

Δ log Ii = α − β ̂τi + β Γ̂i + ϵi

Figure 4: Investment Growth versus Tax Shocks for Domestic and Multinational Firms

Panel A: Domestic Firms
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Notes: This figure presents binscatter plots for domestic firms and U.S. multinationals with high or low foreign-
to-domestic-capital. The x-axis is ω̂ → ω̂ (the change in the domestic tax term) and the y-axis is d log(Investment).
We winsorize d log(Investment) at the 5% level. We further categorize U.S. multinationals by whether or not they
are GILTI payers in 2018 or 2019.

a positive investment elasticity to taxation around TCJA. For the multinational firms plotted in

Panels B and C, our theory no longer dictates a single elasticity to ω̂ and ω̂. Nonetheless, the

upward slopes indicate a positive investment elasticity in these samples. Furthermore, these

panels show the investment responses separately for firms with and without GILTI liability. For

the multinational firms with high foreign presence in Panel B, firms with GILTI liability have

higher investment growth at any given value of the composite domestic tax term. This shift

up in the schedule of GILTI versus non-GILTI firms manifests as a positive value of b2 in the

regression. Our calibrated model accounts for it by imposing complementarity between foreign

and domestic capital in production.
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Dynamic Response

■ In 2019, 1% higher   4% higher investment 

■ In 2019, 1% lower   4% higher investment

Γ ⇒

τ ⇒
34

Figure 5: Year-by-Year Investment Effects by Tax Term Component and Group

A. Domestic Cost of Capital ω̂ B. Domestic Tax Rate ω̂
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C. Foreign Cost of Capital ˆ̄ω D. Foreign Cost of Capital ˆ̄ω
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Notes: These figures plot the tax-term coefficients between 2011-2019 from the regression specified in equa-
tion (19) using our firm-level corporate tax data. The coefficients in each year come from separate regressions
with the dependent variable the log change in investment between 2017 and the year shown and the right hand
side variables fixed at their pre-to-post TCJA change. Panels A and B report separate coefficients for the domestic-
only and pooled multinational firm samples. Panels C and D report the ˆ̄ω coefficients from regressions in the
samples of U.S. multinationals with high and low foreign capital, respectively, where high foreign capital is de-
fined as having a ratio of foreign to domestic capital above 15%. The solid vertical lines depict 95% confidence
intervals.

To summarize the investment response in the reduced-form regressions, we apply the mean

policy changes to the coefficients from columns (3) and (4) and weight predicted effects by

pre-TCJA capital. This calculation gives an 18% increase in domestic investment relative to

firms experiencing no change.

Figure 5 displays the evolution of the regression coefficients as the horizon for investment

growth changes, holding the right hand side variables fixed at their pre-to-post TCJA change.

For each plot, we report separately the paths of coefficients in the domestic and multinational

samples. Firms with larger and smaller changes in ω or ω from TCJA have very similar invest-

ment trajectories over the pre-TCJA period, supporting a causal interpretation of the post-TCJA
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log Ii,t − log Ii,2017 = αt + βΓ
t Γ̂i + βτ

t ̂τi + ϵi,t



Long-Run Macro Impact

Use the structural model to infer the long-run and macro impact of TCJA 

■ TCJA increased investment by 6.4% in the long-run (  15 years) 

■ Holding investment fixed, TCJA reduces 42p.p. of the corporate tax revenue 

■ The increase in investment partially offsets the decline in revenue by 5p.p. 

≈
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