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The Impact of Investment Incentives: Evidence from UK 
Corporation Tax Returns†

By Giorgia Maffini, Jing Xing, and Michael P. Devereux*

Using UK corporation tax returns, we provide evidence on the effects 
of accelerated depreciation allowances on investment, exploiting 
exogenous changes in the qualifying thresholds for first-year depre-
ciation allowances (FYAs) in 2004. The investment rate of qualify-
ing companies increased by 2.1–2.5 percentage points relative to 
those that did not qualify. We exploit variation in the timing of tax 
payments to show that this effect is primarily due to the change in 
the cost of capital, rather than a relaxation of financial constraints. 
Discontinuity at notches in the cost of capital at the qualifying thresh-
olds does not affect our results. (JEL D25, G31, H25, H32)

Higher investment rates and hence a higher level of the capital stock in the econ-
omy could increase productivity and national welfare. A relevant policy issue 

for any government is then how to stimulate firms’ investment effectively. Many 
OECD countries have frequently used the corporation tax system to encourage 
investment. For example, more generous deductions for capital expenditure increase 
the present value of depreciation allowances and consequently reduce the user cost 
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of capital, which in turn increases the incentive to invest (Jorgenson 1963, Hall and 
Jorgenson 1967, Summers 1981, and Hayashi 1982). In the United States, acceler-
ated first-year investment allowances for equipment (known as the bonus depreci-
ation deduction) were available between 2002 and 2004 and then again, between 
2008 and 2017 after the onset of the global financial crisis. In the United Kingdom, 
before the fiscal year 2008–2009, accelerated first-year capital allowances (FYAs) 
for investment in plant and machinery were available to small and medium-sized 
enterprises (SMEs) at a rate of 40 percent compared to the standard rate of 25 per-
cent available to larger companies.

Many have advocated the use of accelerated depreciation to stimulate business 
spending on plant and equipment (for example, Feldstein 2006). In this study, we 
examine the impact of a change to the tax depreciation schedule for a group of 
companies in the United Kingdom that occurred due to an exogenous change in 
the qualifying threshold for FYAs. Specifically, companies could qualify as SMEs 
and hence claim FYAs if they were below two of three thresholds based on turn-
over, total assets, and number of employees.1 In 2004, implementing a recommen-
dation of the European Commission on the definition of SMEs, the United Kingdom 
increased the turnover and total assets thresholds more than twofold. We exploit this 
quasi-experimental setting where our treatment group is composed of companies 
that did not qualify before 2004 but became qualified under the new thresholds since 
2004. Companies that never qualified for FYAs throughout our sample period con-
stitute the control group. We compare the investment patterns before and after 2004 
across the two groups using a difference-in-differences approach. As the changes in 
the qualifying thresholds for FYAs are not related to aggregate economic conditions 
or firm-level unobserved shocks, our estimation results are unlikely to suffer from 
endogeneity biases.

To conduct our empirical analysis, we use confidential UK corporation tax returns 
matched with companies’ financial statements. From tax returns, we obtain pre-
cise information on companies’ qualified investment in plant and machinery, which 
is generally not available in accounting data, especially for small, privately held 
companies. Tax returns also allow us to control precisely for companies’ marginal 
tax rates, which can differ substantially across UK companies due to the gradu-
ated marginal tax rate structure described below. Moreover, from corporation tax 
returns, we observe the timing of corporate tax payments, which provides us with 
a unique opportunity to test whether there is a cash flow effect arising from a lower 
tax payment.

We find a substantial positive effect of more generous depreciation allowances 
on firms’ investment. Relative to the control group, FYAs raised the investment 
rate in eligible assets of newly qualified companies by between 2.1 and 2.5 per-
centage points within 3 years of the change in the definition of SMEs. The implied 
elasticity of investment with respect to the net-of-tax cost of a unit investment is 
between 8.3 and 9.9. Our findings reinforce results in existing studies on the effec-
tiveness of accelerated depreciation allowances on stimulating private investment 

1 Turnover is equivalent to sales. We use turnover as it is the terminology used in both the European Commission’s 
definition for an SME and the UK corporate tax return (line 1). 
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(Cummins, Hassett, and Hubbard 1994; House and Shapiro 2008; Edgerton 2010; 
Zwick and Mahon 2017; and Ohrn 2018a,b). We show that firms do not react imme-
diately, which points to the existence of adjustment costs. However, the adjustment 
costs are low as firms do increase investment relatively quickly within a maximum 
of between 12 to 18 months.

To investigate whether firms manipulate their size indicators to qualify as SMEs, 
we test for the salience of FYAs’ provisions in the United Kingdom by examining 
whether firms bunched at the notches in the cost of capital created by the existence 
of qualifying thresholds. There is some evidence of discontinuity in the distribu-
tion of size indicators around the qualifying turnover and total assets thresholds. 
Nevertheless, we show that excluding companies close to these qualifying thresh-
olds does not affect our benchmark results, implying that FYAs are effective in 
stimulating investment for a wider group of companies and not only for those able 
to manipulate their size indicators.

FYAs can stimulate investment through two channels: by reducing the user cost 
of capital, and by relaxing companies’ financial constraints. Regarding the cash flow 
effects of the bonus depreciation, Edgerton (2010) finds that firms with more cash 
flow responded more to higher capital allowances. In contrast, Zwick and Mahon 
(2017) finds that cash-constrained firms reacted more to bonus depreciation deduc-
tions. To test the cash flow effect, most studies use conventional approaches such 
as splitting the sample based on measures of cash flow or firm size. Nonetheless, 
Farre-Mensa and Ljungqvist (2016) shows that conventional measures of financial 
status may not reflect accurately whether a firm is financially constrained. We use 
an innovative method to test the cash flow effect by using the variation in the timing 
of the corporate income tax payments. If cash flow effects were important, invest-
ment increases should be delayed for firms that pay taxes in arrears as cash flows 
generated by the newly available FYAs will arrive up to nine months after policy 
implementation. We find that the effect of FYAs is more likely due to changes in the 
cost of capital than due to changes in firms’ cash flow. This conclusion is reinforced 
when we use conventional measures to infer firms’ financial status. Therefore, our 
results demonstrate that accelerated depreciation allowances can effectively stim-
ulate investment of SMEs during non-recession periods, and more generally when 
companies are not financially constrained, by lowering the user cost of capital. 
Another implication is that accelerated depreciation allowances can also be an effec-
tive policy tool to stimulate investment of larger firms, which are less likely to be 
financially constrained (Hadlock and Pierce 2010).

The availability of tax returns allows us to analyze how FYAs affect the invest-
ment of smaller, private companies.2 This would not be possible using publicly 
available databases, such as Compustat, as smaller companies are less likely to be 
included. It is of policy interest to analyze the behavior of SMEs, which constitute 
the majority of firms in many economies. For example, depending on the definition, 
SMEs account for between 95 and 99 percent of total UK companies, and more 

2 Our data do not cover unincorporated small private enterprises as they are not subject to the corporate income 
tax. 
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than half of total employment and sales.3 The effectiveness of tax incentives could 
also be different for smaller private companies than for large public companies. For 
example, smaller and private companies could be more financially constrained and a 
complex tax code may be less salient for them. As far as we know, ours is one of the 
few studies that specifically analyzes the effectiveness of investment tax incentives 
for small or medium-sized, private companies.

The rest of our paper is structured as follows. Section I illustrates how capital 
allowances work in the United Kingdom. Section II explains our identification strat-
egy and how we construct our sample for empirical analysis. Section III provides 
our benchmark results. We analyze whether firms bunched below the qualifying 
thresholds to enjoy the tax benefits in Section IV. In Section V, we test the cash flow 
effect. Section VI concludes.

I.  The UK System for Capital Allowances

Until fiscal year 2007–2008,4 the basic structure of the UK system of deprecia-
tion allowances for plant and machinery, also called capital allowances, consisted 
mainly of two types of allowances: writing-down allowances (WDAs) for the life 
of the asset applied at a rate of 25 percent on a reducing balance basis, and FYAs 
available only to SMEs at a rate of 40 percent (Tiley and Loutzenhiser 2013). WDAs 
and FYAs could be claimed only for expenditures in plant and machinery.5 FYAs for 
plant and machinery were introduced in 1997 and made permanent in 1998. SMEs 
could generally claim 40 percent FYAs on their investment,6 although small but not 
medium firms could temporarily claim FYAs of 50 percent in some years (Table 1).

There are different definitions of small- and medium-sized businesses in UK cor-
porate and tax law, but the relevant one for claiming FYAs is derived from EU 

3 See Business Population Estimate for the United Kingdom and Regions (2017). 
4 In the United Kingdom, the fiscal year for corporate income tax purposes runs from April 1 to March 31. 
5 The legislation on capital allowances is contained within the Capital Allowances Act (CAA) 2001. Spending 

on certain assets such as cars, long-life assets, and plant or machinery for leasing did not qualify. CAA 2001 pro-
vides lists of exclusions (CAA01/S21& 22) and included items (CAA01/S23). See, also, Standing Committee on 
the Bill (2004). 

6 If FYAs were claimed, WDAs could only be claimed starting from the second year of the life of the same 
assets. 

Table 1—Rates of Capital Allowances for Plant and Machinery in First Year 
(Percent)

Treated Control Always small Always medium

2001–2002 25 25 40 40
2002–2003 25 25 40 40
2003–2004 25 25 40 40
2004–2005 40 25 50 40
2005–2006 40 25 40 40
2006–2007 40 25 50 40
2007–2008 40 25 50 40
2008–2009 20 20 20 20

Notes: Treated firms were large before the 2004–2005 change in the definition of SMEs, so 
they could not qualify for FYAs. They became qualified for FYAs subsequently. Control firms 
are large firms that never qualified for FYAs.
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law (Freedman 2003). Table 2 sets out the definition. To be classified as small or 
medium for claiming FYAs, a company needed to satisfy two of three criteria—
encompassing turnover, total assets, and the number of employees in the current and 
preceding financial year. At the time when FYAs were introduced, the threshold for 
qualifying as an SME was £11.2 million for turnover, £5.6 million for total assets, 
and 250 for the number of employees.

In May 2003, the European Commission adopted a recommendation concern-
ing the definition of SMEs whereby the financial ceilings on turnover and total 
assets were substantially increased with respect to the 1996 definition.7 The new 
threshold became £22.8 million for turnover, and £11.4 million for total assets. On 
December 10, 2003, the UK Chancellor of the Exchequer announced the imple-
mentation of the new European definition, increasing the thresholds for defining 
small- and medium-sized businesses to the maximum allowed under European 
Union regulations. This meant that the upper limits for qualifying as an SME for 
FYA purposes were more than doubled for the turnover and total assets thresholds 
(Table 2, bottom panel). On that occasion, it was announced that the change in qual-
ifying thresholds would affect any qualifying expenditure undertaken in financial 
years ending on or after January 30, 2004. That is, for newly qualified firms, the 
FYA rate of 40 percent applied to qualifying expenditures undertaken even before 
the announcement, as long as the end of the financial year was on or after January 
30, 2004. The same thresholds were relevant for claiming SMEs research and devel-
opment (R&D) tax credits. A subsequent change in the thresholds in 2008 has been 
studied by Guceri and Liu (2019), who found a significant effect of the tax cred-
its on R&D spending. For our purposes, the issue is whether the availability of 
R&D tax credits may affect investment in plant and machinery. Although there is 
the possibility of complementarity between these two types of spending, the most 
likely effect of the R&D tax credits on investment in plant and machinery is that 
such investment would be relabeled as R&D, thereby being eligible for much more 
generous tax treatment. This would bias downward any effects we find of FYAs on 

7 The European Commission recommendation of May 6, 2003 replaced the previous Commission recommenda-
tion of April 3, 1996 on which the old UK definition of small- and medium-sized enterprises was based. 

Table 2—Conditions for Qualifying as SME for FYAs Purposes

Category Small sized Medium sized

Before the reform
Turnover  ​≤​ £2.8m  ​≤​ £11.2m
Assets  ​≤​ £1.4m  ​≤​ £5.6m
Employees 50 250

After the reform
Turnover  ​≤​ £5.6m  ​≤​ £22.8m
Assets  ​≤​ £2.8m  ​≤​ £11.4m
Employees 50 250

Notes: The before-reform period includes financial years ending before January 30, 2004. The 
after-reform period includes financial years ending on or after January 30, 2004.
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investment in plant and machinery. The lower thresholds for qualifying as small (not 
medium) enterprises were also relevant for audit exemption.

Although FYAs were introduced in 1998 as a permanent policy, the Chancellor 
unexpectedly announced a large overhaul of the capital allowances system on 
March 21, 2007 as part of the 2008–2009 budget. The overhaul took effect from the 
following fiscal year and this entailed the repeal of FYAs for plant and machinery 
expenditures incurred on or after April 1, 2008. From fiscal year 2008–2009, the rate 
of WDAs was cut to 20 percent and FYAs were replaced by the Annual Investment 
Allowance, a £50,000 allowance available to all businesses (Maffini 2013).

The corporate statutory tax rate also changed over time (Table 3). The stan-
dard rate of corporation tax was cut from 33 to 30 percent in 1999 and to 28 per-
cent in 2008. The UK system levied a reduced rate (known as the small company 
rate—SCR) on profits under £300,000. The SCR was reduced from 21 percent to 
20 percent in 1999–2000, to 19 percent in 2002–2003, and then increased again 
in 2007–2008 to 20 percent and to 21 percent in 2008–2009. For firms with prof-
its between £300,000 and £1,500,000, a system of marginal relief operated, which 
raised the marginal rate to over 32 percent in most years. Finally, a starting rate of 
between 0 and 10 percent applied to profits below £10,000 between 2001–2002 and 
2005–2006, and another, higher, marginal rate was applied to the remaining profit 
below £50,000. This complex corporation tax schedule leads to rich cross-sectional 
and time-series variation in companies’ marginal tax rates.

II.  Identification Strategy and Data

A. Identification Strategy

The changes in the turnover and total assets thresholds for claiming FYAs detailed 
above imply that some firms that did not qualify for the scheme before the reform 
subsequently became qualified. We identify a treatment group of firms that did not 
qualify for FYAs prior to 2004 but became qualified for expenditures undertaken in 
financial years ending from January 30, 2004, onward. Large firms that never qual-
ified for FYAs constitute our main control group.8

For our benchmark analysis, we allocate firms into the treatment and control 
groups on the basis of turnover only, since data on turnover is available for most 
firms. More specifically, we allocate companies to the treatment group if their turn-
over was above £11.2 million (the old threshold) in each year before 2004 and below 
£22.8 million (the new threshold) in each year after the reform. We allocate firms 
into the control group if their turnover was above £11.2 million in each year before 
the reform and above £22.8 million in each year after the reform. As a stricter clas-
sification, we use both turnover and total assets to determine whether or not a firm 
is treated. As we show below, using turnover and total assets jointly significantly 
reduces the sample size. A smaller sample would be a challenge when estimating 

8 We do not always use medium-sized companies as the control group because there is no parallel trend of 
investment between them and the treated group. We do not always use small-sized companies as the control group 
because the rate of FYAs for them changed multiple times during the sample period. 
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the adjustment costs and the cash flow effect, which requires us to split the sample 
in various ways.

To identify the treatment effect, we estimate a difference-in-differences model as 
equation (1):

(1)	​​ 
​I​i, t​​ _ ​K​i, t−1​​

 ​  =  α + ​β​1​​ ​d​ i, t​ 
R ​ + ​β​2​​ ​d​ i​ 

T​ + ​β​3​​ ​d​ i, t​ 
R ​ × ​d​ i​ 

T​ + γ ​​ 
_

 X ​​ i, t​ ′ ​  + ​ζ​t​​ + ​η​i​​ + ​ε​i, t​​​ ,

where ​​I​i, t​​ /​K​i, t−1​​​ is the gross investment rate, calculated as the ratio of current 
capital expenditures in plant and machinery to fixed assets at the beginning of the 
period. The variable ​​d​ i, t​ 

R ​​ is a dummy equal to one for financial year ending on or 
after January 30, 2004, when the new thresholds for qualifying for FYAs applied. 
The variable ​​d​ i​ 

T​​ is a dummy equal to one for the treatment group. The parameter of 
interest in the difference-in-difference analysis is the coefficient ​​β​3​​​ on the interactive 
term ​​d​ i, t​ 

R ​ × ​d​ i​ 
T​​. It captures the effect of the treatment in our quasi-natural experi-

ment. The term ​​​ 
_

 X ​​ i, t​ ′  ​​ is a vector of firm characteristics explained below. The term ​​ζ​t​​​ 
captures the time effects and ​​η​i​​​ denotes firm-specific fixed effects. Finally, ​​ε​i, t​​​ is the 
error term.

Capital allowances may in principle affect investment via two main channels—
by lowering the cost of capital, and for cash constrained firms—by increasing the 
availability of cash due to reduced tax liabilities. Before 2004, firms in the treatment 
groups could claim only WDAs for expenditure on plant and machinery at the rate 
of 25 percent. From 2004, treated firms could depreciate qualified expenditures at 
40 percent in the first year, and thereafter at a declining balance rate of 25 percent. 
As shown in Appendix A, the present value of depreciation allowances, ​A​ , can be 
written as

(2)	​ A  =  τ f  +  ​ τ d(1 − f )
 _ (r + d) ​​ ,

where ​τ​ is the marginal corporate income tax rate, ​r​ is the discount rate, ​f​ is the rate 
of tax depreciation in the first year of investment, and ​d​ is the rate of tax deprecia-
tion in subsequent years. For treated firms, ​f  =  d  =  0.25​ before they qualified as 

Table 3—Corporate Income Tax Rates (Percent)

Taxable income (£) 2001–2002 2002–2003 2003–2004 2004–2005 2005–2006 2006–2007 2007–2008 2008–2009

0–10,000 10 0 0 0 0 19 20 21
10,001–50,000 22.5 23.75 23.75 23.75 23.75 19 20 21
50,001–300,000 20 19 19 19 19 19 20 21
300,001–1,500,000 32.5 32.75 32.75 32.75 32.75 32.75 32.5 29.75
>1,500,000 30 30 30 30 30 30 30 28

Notes: This table reports the corporate income marginal tax rate schedule in the United Kingdom between fis-
cal years 2001–2002 and 2008–2009. For taxable income between £300,000 and £1.5 million, the corporation 
tax is calculated at the main rate minus the marginal relief. The marginal relief is calculated as follows: Marginal  
relief = (£1.5m − Profits) × Standard Fraction. This implies that an effective marginal rate of between 19 and 
32.5 percent has been applying on profits in excess of £300,000 and below £1,500,000. The standard fraction was 
1/40 in 2001–2002 and 2007–2008, 11/40 between 2002–2003 and 2006–2007, and 7/440 in 2008–2009. When 
the starting rate was available, the marginal relief applicable on profits between £10,000 and £50,000 was 1/40 in 
2001–2002 and 11/40 between 2002–2003 and 2006–2007.
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SMEs. Note that ​f  =  0.4​ and ​d  =  0.25​ for treated firms once they became quali-
fied for FYAs. If we assume that the discount rate is 7 percent,9 our calculation in 
Appendix A shows that FYAs increase the present value of capital allowances for 
qualifying expenditures by around 3.9 percent. Assuming that the marginal corpo-
rate income tax rate is 32.75 percent,10 this means a 1.5 percent reduction in the 
net-of-tax cost of a unit investment, ​1 − A​. According to the neoclassical investment 
theory (Hall and Jorgenson 1967), a lower user cost of capital due to the increase in ​
A​ should lead to a higher level of capital stock in the long run and consequently to 
an increase in the investment rate in the short run. In addition, if a firm is financially 
constrained, more generous capital allowances can relieve financial constraints by 
lowering the tax liability and further increase the investment of the firm. For these 
reasons, we expect the treatment effect, ​​β​3​​​ , to be positive.

In our regressions, we also control for a vector of firm characteristics (​​​ 
_

 X ​​ i, t​ ′  ​​) , 
which includes the growth rate of turnover, the lagged profitability, the marginal 
corporate tax rate, and the growth rate of total assets. The neoclassical investment 
theory predicts a direct link between output and capital stock accumulation, thus we 
control for the growth rate of turnover. As slow-growing or shrinking companies 
may self-select into the treatment group, we control for the growth rate of total 
assets in addition to turnover growth. We control for the lagged profitability because 
more profitable companies are likely to invest more. The statutory corporate income 
tax rate varies across firms and over time, which would affect the user cost of capi-
tal. Thus, we control for firms’ marginal tax rate to isolate the effect of FYAs.

B. Data

We merge two datasets to construct our sample. The first is the universe of UK 
corporation tax returns (CT600 forms) for the period 2001–2002 to 2008–2009 avail-
able on a confidential basis in the datalab of the UK tax authority (Her Majesty’s 
Revenue and Customs—HMRC). This contains detailed information on firms’ turn-
over, capital allowances claimed, taxable income and hence, on the applicable mar-
ginal statutory corporation tax rate, and on the size of the corporate tax liability, 
which allows us to identify whether a company pays corporation tax in arrears or in 
quarterly installments. Additionally, tax return data provide precise information on 
firms’ investment in plant and machinery. This is a major advantage of tax return 
data, since other data sources for UK firms either do not report investment or do 
not break down investment between equipment and buildings. The second dataset 
is FAME (Bureau Van Dijk), which collects balance sheet and income statement 
information for UK companies. We use FAME to obtain information on companies’ 
total assets, fixed assets, and cash flows.

Table B1 in Appendix B explains in detail how we construct the sample. We restrict 
the sample to the fiscal years 2002–2003 to 2006–2007. Our dependent variable 
(​​I​i, t​​/​K​i, t−1​​​) and several control variables require one lag and therefore, we lose fiscal 

9 This assumption about the discount rate is similar to that used by Zwick and Mahon (2017) and is close to the 
average interest rate for firms in our sample. 

10 This is the maximum marginal tax rate for UK companies during our sample period (Table 3). 
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year 2001–2002, which is the first available year in the HMRC corporate tax returns 
and the FAME data we use. In March 2007, the UK Chancellor announced a large 
overhaul of capital allowances to be phased in from fiscal year 2008–2009.11 Some 
companies may have reacted to this latter reform as early as in fiscal year 2007–2008 
and hence, we exclude fiscal years from 2007–2008 onward to isolate the effects of 
FYAs. Excluding the later years can also help us avoid confounding effects from 
the 2007–2008 financial crisis. To exclude outliers, we drop observations in the top 
percentile of the distribution of investment rate and of the growth rate of turnover. 
We construct a balanced panel, which requires each firm to have non-missing obser-
vations throughout the sample period (2002–2003 to 2006–2007). The final sample 
consists of 17,365 firm-year observations for 3,473 firms. In our benchmark sample, 
906 firms belong to the treatment group and 2,567 firms to the control group.

Table 4 compares the two groups of firms in terms of their turnover, growth rate 
of turnover, total assets, growth rate of total assets, profitability, marginal tax rate, 
investment rate, and cash flow.12 As expected, firms in the treatment group are 
smaller on average in terms of turnover and total assets than those in the control 
group. While the average growth rate of turnover of treated firms is negative, it is 
positive for the control group. A similar pattern is found for the growth rate of total 
assets. This raises the possibility that some firms are in the treatment group because 
their turnover or total assets shrunk over time. Consequently, we control for the 
growth rate of turnover and that of total assets to avoid any bias caused by shrinking 
firms. Other variables such as profitability are more comparable between the two 
groups.

We further compare the investment rate of the treated group before and after the 
reform. Table 5 shows that for the treated, the average investment rate for the periods 
after the reform (0.192) is significantly higher than that for the periods before the 
reform (0.169). The t-test shows that the null hypothesis of equal investment rates is 
rejected at the 5 percent level. Firms in the control group have a higher average gross 
investment rate both before and after the reform. However, for firms in the control 

11 The UK government announced the Anual Investment Allowances (AIA) on March 21, 2007, for simplifica-
tion purposes in particular for SMEs. The AIA allows for immediate expense of investment below certain thresholds. 

12 See Table B2 in Appendix B for the definition of the variables. 

Table 4—Descriptive Statistics of Key Variables

Treated Control

Variables Mean SD Observations Mean SD Observations

Turnover (GBP, in thousands) 15,700 4,865 4,530 169,000 828,000 12,835
Growth rate of turnover −0.024 0.170 4,530 0.070 0.180 12,835
Total assets (GBP, in thousands) 26,100 120,000 4,530 219,000 4,020,000 12,835
Growth rate of total assets −0.073 0.632 4,530 0.021 0.721 12,835
Profitability 0.044 0.080 4,530 0.052 0.090 12,835
Marginal tax rate 0.143 0.150 4,530 0.170 0.150 12,835
Gross investment rate 0.183 0.330 4,530 0.205 0.340 12,835
Cash flow 0.063 0.305 4,407 0.082 0.306 12,527

Notes: In this table, we report the means and standard deviations of key variables in our estimations. We report 
these statistics for the treatment and the control groups separately. Variables are defined in Table B2 in Appendix B.
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group, we cannot reject the null hypothesis that their average investment rate after 
the reform (0.205) equals that before the reform (0.203).

III.  Results

A. Benchmark Analysis

To illustrate the changes in treated firms’ investment behavior since the reform, 
we plot the difference in the investment rate between the treated and the control 
groups from two years prior to the reform to two years after the reform in Figure 1. 
We control for firm-level characteristics while estimating differences in the invest-
ment rate.13 Each dot in Figure 1 represents the point estimate, while the vertical 
bar represents the 95 percent confidence interval. Figure 1 illustrates that before the 
reform, there is no significant difference in the investment rate between the treated 
and the control groups after controlling for observed firm-level characteristics. This 
suggests that the parallel trend assumption holds. However, the investment rate of 
the treated firms increased significantly in the year when they became qualified for 
FYAs.14 The gap between the two groups persists over the next two years.

We estimate equation (1) and report the results in Table 6. Throughout Table 6, 
we control for firm-specific fixed effects,15 and cluster the standard errors by indus-
try. This approach should deal with possible within-industry serial correlation in 
the error terms. In unreported regressions, we also bootstrap the standard errors by 
industry. This alternative way of calculating the standard errors delivers no differ-
ence with respect to our key results. Hence, we report results when the standard 
errors are clustered by industry for the rest of the paper. Column 1 of Table 6 shows 

13 See Figure 1 for more details. 
14 The point estimate for the difference in the investment rate between the treated and the control groups in the 

year of qualification is 0.029, which is statistically significantly different from 0 at the 10 percent level. 
15 We find similar results when estimating equation (1) using the ordinary least squares estimator. 

Table 5—Gross Investment Rate

Mean SD Mean SD t-test statistics Pr(T < t)

Treatment group
Non-qualifying 

years
Qualifying 

years

Investment rate 0.169 0.300 0.192 0.349 −2.258 0.012
Observations 1,812 2,718

Control group
Before policy 

change
After policy 

change

Investment rate 0.203 0.337 0.205 0.337 −0.356 0.360
Observations 5,134 7,701

Notes: We report the gross investment rate of the treatment and the control groups before and after the policy 
change. We also report the results from the t-test of the null hypothesis that the mean investment rate during 
non-qualifying years (before policy change) equals to that during qualifying years (after policy change).
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Figure 1. Differences in Investment Rate between the Treatment and the Control Groups

Notes: In this figure, we plot the difference in the investment rate between the treated and the control groups from 
two years prior to the reform to two years after the reform. We control for firm-level characteristics including the 
growth rate of turnover, the growth rate of total assets, lagged profitability, and the marginal tax rate while estimat-
ing differences in investment rate. Each dot stands for the point estimate, and the vertical bar stands for the 95 per-
cent confidence interval.

Table 6—Estimated Response of Investment Rate to Tax Subsidy: Baseline Estimates

Dependent variable: ​​I​i, t​​/​K​i, t−1​​​ (1) (2) (3) (4) (5) (6)

​​d​ i, t​ 
R ​​ × ​​d​ i​ 

T​​ 0.021 0.022 0.022 0.023 0.025 0.025
(0.012) (0.012) (0.012) (0.010) (0.012) (0.012)

​​d​ i, t​ 
R ​​ 0.002 0.001

(0.007) (0.007)
Growth rate of ​​turnover​i, t​​​ 0.111 0.112 0.109 0.116 0.114

(0.016) (0.016) (0.016) (0.016) (0.016)
​​MTR​i, t​​​ −0.042 −0.042

(0.021) (0.022)
​​Profitability​i, t−1​​​ 0.298 0.300

(0.047) (0.048)
Growth rate of total ​​assets​i, t​​​ 0.015 0.015

(0.006) (0.006)
Year fixed effects No No Yes No Yes No
Sector-year fixed effects No No No Yes No Yes
Firm fixed effects Yes Yes Yes Yes Yes Yes
Number of firms 3,473 3,473 3,473 3,473 3,473 3,473
Observations 17,365 17,365 17,365 17,365 17,365 17,365

Notes: In this table, we report the benchmark estimation results based on equation (1). The dependent variable is 
capital expenditures in qualified assets of firm i in year t (​​I​i, t​​​), scaled by fixed assets in year t − 1 (​​K​i, t−1​​​); ​​d​ i, t​ 

R ​​ is a 
dummy equal to one for financial year ending on or after January 30, 2004, when the new thresholds for qualify-
ing for FYAs applied. ​​d​ i​ 

T​​ is a dummy equal to one for the treatment group. Except in column 1, we control for a 
set of firm-level characteristics including the growth rate of turnover in year t; the marginal corporate income tax 
rate in year t (​​MTR​i, t​​​); the lagged profitability and the growth rate of total assets in year t. The estimated coefficient 
on ​​d​ i, t​ 

R
 ​​ × ​​d​ i​ 

T​​ captures the effect of the first-year capital allowances on investment rate in qualified assets. There are 
906 firms in the treatment group (4,530 observations) and 2,567 firms in the control group (12,835 observations). 
Heteroscedasticity and cluster-robust standard errors are in parentheses. The unit of clustering is the industry of 
the firm.
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the benchmark estimation result when we do not control for any firm characteristics 
or business cycle effects. On average, there is no evidence of a common increase in 
the investment rate after the policy change for both groups, as the estimated coef-
ficient on the dummy ​​d​ i, t​ 

R ​​ is not statistically different from zero. The coefficient on ​​
d​ i​ 

T​​ is not identified, as the treatment status is time invariant. The estimate of ​​β​3​​​ is 
positive and significant at the 10 percent level. Column 1 of Table 6 suggests that 
after the reform, the investment rate of the treated group increased on average by 2.1 
percentage points relative to that of the control group.

Some firms could have entered the treatment group because they were shrinking in 
size, others because they manipulated their size indicators to qualify for FYAs. The 
former type of firms is likely to have a lower propensity to invest, which could bias our 
estimate of ​​β​3​​​ downward; while the latter type is likely to have a higher propensity to 
invest, and this may bias our estimate of ​​β​3​​​ upward. In column 2 of Table 6, we con-
trol for the growth rate of turnover to address these concerns. We observe only a slight 
increase in the size of the estimated coefficient ​​β​3​​​ in column 2. In Section IV, we will 
further address the possibility of firms manipulating their size indicators.

When capital goods are in high demand, their price could increase, which may 
drive up the user cost of capital. This potentially reduces the effect of more generous 
capital allowances on investment. In column 3 of Table 6, we add a set of year dum-
mies to control for common business cycle effects. In this column, the estimated 
coefficient ​​β​3​​​ remains positive and significant at the 10 percent level. In column 4, 
we employ a full set of sector-year dummies, which controls for the cross-sector and 
over-time variation in the price component of the user cost of capital. The estimated 
treatment effect is now positive and statistically significant at the 5 percent level. In 
both columns 3 and 4, the magnitude of the point estimate for ​​β​3​​​ is close to that in 
column 1. As the magnitude of the estimated treatment effect varies very little across 
different specifications, this suggests that our results are unlikely to be confounded 
by the price factor.

In columns 5 and 6 of Table 6, we control for additional observable characteris-
tics of the companies. We control for the firm-specific marginal corporate income 
tax rate—a higher marginal tax rate leads to a higher user cost of capital and con-
sequently, a lower investment rate, all else equal. The sign of the coefficient on the 
marginal tax rate is negative and the point estimate is significant, which is consistent 
with the neoclassical investment theory (for example, Hall and Jorgenson 1967). We 
also control for the firms’ profitability in the previous year. The estimated coefficient 
on the lagged profitability is positive and highly significant, suggesting that more 
profitable firms invest more. We further control for the growth rate of total assets 
and not surprisingly, firms which grow faster also invest more. While we control for 
a common set of year dummies in column 5, we control for sector-year dummies in 
column 6. In these two columns with additional control variables, we continue to 
find a positive and significant treatment effect. The point estimate for ​​β​3​​​ is 0.025 in 
both columns, which is rather close to estimates in previous columns.

Bertrand, Duflo, and Mullainathan (2004) points out that serial correlations can 
lead to over-rejection of the null hypothesis of no effect in difference-in-differences 
estimations. As a robustness check, we conduct randomization inference. Appendix 
C provides more details on this procedure. Dealing with potential serial correlation 
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in this way yields similar results as in Table 6. For example, based on the specifica-
tion in column 5 of Table 6, we obtain a p-value of 0.014 for the point estimate of ​​
β​3​​​ , which indicates that estimated treatment effect is statistically significant at the 
5 percent level.

In Table 6, we estimate equation (1) using a balanced sample. In unreported exer-
cises, we construct an unbalanced sample where firms only need to have two years 
before and after the treatment. The sample size increases from 17,365 observations 
to 20,390 observations. Most importantly, we obtain similar results using the larger, 
unbalanced panel. We conduct the rest of our analysis based on the balanced panel. 
As we do not have firm entry and exit using the balanced panel, we need not to be 
concerned about potential contamination due to changes in the sample composition.

In summary, the results in Table 6 show that lowering the qualifying threshold 
for FYAs leads to an increase in the investment rate by around 2.1–2.5 percent-
age points among treated firms. The average investment rate for the treated firms 
before the reform is 0.17. Thus, the investment rate increases by 12.4–14.8 per-
cent. Assuming the marginal corporate income tax rate is 32.75 percent and the 
discount rate is 7 percent, FYAs reduce the net-of-tax cost of a unit investment, 1-A, 
by around 1.5 percent (Appendix A). Therefore, the implied elasticity of invest-
ment with respect to the net-of-tax cost of a unit investment is about 8.3–9.9. Using 
a similar specification to study the effects of the Domestic Production Activities 
Deduction (DPAD), Ohrn (2018a) calculates this elasticity to be around 6.5. Thus, 
our estimate is slightly larger.

Other studies estimate the elasticity of capital expenditures with respect to the 
net-of-tax cost of a unit investment.16 For example, House and Shapiro (2008) finds 
that the elasticity of capital expenditures with respect to changes in the net-of-tax 
rate due to the US bonus depreciation is between 6 and 14. Zwick and Mahon (2017) 
estimates this elasticity to be around 7. Using plant-level data, Ohrn (2018b) obtains 
a larger elasticity of around 10. To make a more direct comparison with these stud-
ies, we estimate the treatment effect while using the natural logarithm of the quali-
fied capital expenditures as the dependent variable. As the dependent variable is no 
longer a growth variable, we correspondingly control for the level of turnover and 
firm size (both in logs) on the right-hand side. We continue to control for the lagged 
profitability and the marginal tax rate in this elasticity estimation. Table 7 reports the 
estimation results using this specification. The point estimate on ​​d​ i, t​ 

R ​ × ​d​ i​ 
T​​ is 0.161 

when we control for common business cycles (column 1, Table 7), and is essen-
tially the same when we control for sector-specific business cycle effects (column 
2, Table 7). This translates into an elasticity of capital expenditures with respect to 
the net-of-tax cost of a unit investment around 10.7, which is close to the estimate 
in Ohrn (2018b) and is at the upper end of the range of estimates in this literature.

There are at least two possible explanations for the larger elasticity we find. First, 
the changes in the qualifying thresholds for FYAs were implemented in the fiscal 
year 2004–2005 and our sample covers until 2006–2007. During this post-reform 

16 Other studies (for example, Auerbach and Hassett 1992; Cummins, Hassett and Hubbard 1994; Chirinko, 
Fazzari, and Meyer 1999; Goolsbee and Desai 2004; and Bond and Xing 2015) estimate the elasticity of capital 
accumulation with respect to the user cost of capital. 
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period, the UK economy experienced relatively high growth. In contrast, the US 
bonus depreciation was introduced as a temporary and counter-cyclical policy 
during a period of economic downturn. It is possible that the effects of depreciation 
allowances are larger in economic good times as investment demand is stronger. 
Secondly, although FYAs were made permanent in 1998, the status of being an SME 
may vary as a firm grows. As a result, firms may respond to FYAs strongly if they 
believe their size status would change shortly. Again, this is a likely scenario during 
the post-reform period when the UK economy was expanding.

We also investigate whether higher FYAs affected the extensive margin of invest-
ment. However, only around 7 percent of observations in our sample report zero 
investment. In unreported exercises, we estimate the marginal effects using differ-
ent estimators (probit, logit, and a linear probability model), where the dependent 
variable is a dummy that equals 1 if a firm made nonzero investment in plant and 
machinery in a particular year, and 0 otherwise. Unsurprisingly, we do not find any 
significant effect of FYAs at the extensive margin since the majority of firms report 
positive investment throughout our sample period. Thus, the positive impact on 
investment mainly comes from the intensive margin.

B. Adjustment Costs

One relevant question for policymakers is how quickly the tax incentives could 
become effective. Answers to this question depend on various factors, including the 
magnitude of costs associated with adjustments of the capital stock. Our dataset pro-
vides a unique variation to test the existence and the magnitude of adjustment costs, 
since companies in our sample have different end dates for their reporting year. The 
new thresholds for FYAs were announced in December 2003 and became effective 
on January 30, 2004. Companies in our treated group with accounts ending earlier 
in 2004 (for example, in February and March) had less time to adjust their invest-
ment plans in the first qualifying year (Year 1) than those with accounts ending later 

Table 7—Estimated Response of ln(CAPX) to Tax Subsidy

Dependent var: ln​​(CAPX)​i,t​​​ (1) (2)

​​d​ i, t​ 
R ​​ × ​​d​ i​ 

T​​ 0.161 0.169
(0.094) (0.097)

Control variables Yes Yes
Year fixed effects Yes
Sector-year fixed effects Yes
Firm fixed effects Yes Yes
Number of firms 3,473 3,473
Observations 16,150 16,150

Notes: This table reports the estimated treatment effect when the dependent variable is the 
level of qualified investment (in logs). We control for firm-level characteristics including the 
level of turnover (in logs), size, the lagged profitability, and firm-specific marginal tax rate. 
Heteroscedasticity and cluster-robust standard errors are in parentheses. The unit of clustering 
is the industry of the firm.
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in 2004. For example, firms with year-end in July 2004 had eight months before 
the end of their Year 1 to adjust investment in this year, and in contrast, firms with 
year-end on January 31, 2004, only had a little over one month before the end of 
qualifying Year 1 to adjust their investment plans for that year.

Consequently, if adjustment costs are large, treated companies with financial 
accounts ending earlier in 2004 would be more likely to increase their investment 
in Year 2 rather than in Year 1. In comparison, treated companies with accounts 
ending later in 2004 would be more likely to increase their investment in Year 1, 
if adjustment costs are not substantial. To test this, in Table 8, we split the treated 
group between firms with accounts ending between January and June (column 1) 
and those between July and December (column 2). The results show that firms 
increased investment with a time lag: the first group only increased investment in 
Years 2 and 3, while the second group increased investment in Year 1. In columns 3 
and 4 of Table 8, we increase the sample size by relaxing the requirement of having 
a balanced panel: companies in this sample only need to appear two years before 
the reform and two years after that. The pattern of the results is similar, although we 
now observe a statistically significant increase in investment rate for the first group 
of treated firms in Year 2.

It is worth noting that if firms with accounts ending between January and June 
fully anticipated the UK reform after the European Commission’s May announce-
ment, they would have the opportunity to postpone investment from the previous 
financial year to Year 1. In this case, we should observe an increase in these firms’ 
investment in Year 1 even with the presence of substantial adjustment costs. The fact 
that we do not find any significant change in the investment rate for this group of 
firms in Year 1 also indicates that the UK reform and its timing were unexpected.

Table 8—Estimated Response of Investment Rate to Tax Subsidy: Adjustment Costs

Balanced
Not balanced 
after reform

Jan–June July–Dec Jan–June July–Dec
Dependent variable: ​​I​i,t​​​/​​K​i,t−1​​​ (1) (2) (3) (4)

​​d​ i​ 
T​​ × Year 1 0.000 0.036 0.005 0.020

(0.032) (0.015) (0.028) (0.010)
​​d​ i​ 

T​​ × Year 2 0.053 0.012 0.076 −0.005
(0.034) (0.019) (0.031) (0.019)

​​d​ i​ 
T​​ × Year 3 0.086 0.024 0.076 0.026

(0.030) (0.015) (0.027) (0.010)
Control variables Yes Yes Yes Yes
Sector-year fixed effects Yes Yes Yes Yes
Firm fixed effects Yes Yes Yes Yes
Number of firms 427 3,046 500 3,712
Number of observations 2,135 15,230 2,448 17,811

Notes: In columns 1 and 3, the sample contains only companies with year-end between January and June. In col-
umns 2 and 4, the sample contains only companies with year-end between July and December. We control for the 
growth rate of turnover, lagged profitability, the marginal tax rate, and the growth rate of total assets throughout 
different columns. Heteroscedasticity and cluster-robust standard errors are in parentheses. The unit of clustering 
is the industry of the firm.
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Taken together, our analysis shows that companies did not react immediately to 
the availability of more generous FYAs, consistent with the presence of adjustment 
costs. Nonetheless, companies reacted relatively quickly, within 12 to 18 months 
from the announcement of the new rules. Combined with previous results, this 
suggests that adjustment costs are positive but low, and that FYAs are effective in 
stimulating investment within a reasonably short time frame.

C. Alternative Definition of the Treated Group

In the above analysis, we only use turnover to classify the treated and control 
groups. Using this approach, we may include firms that should not be in the treat-
ment group—if these firms had high levels of employment and total assets. As a 
result, our benchmark estimates may be biased downward. Next, we consider an 
alternative definition of the treatment group. To allocate firms to the new treatment 
group, we employ two thresholds jointly: the one on total assets and the one on turn-
over. More specifically, to be assigned to the new treatment group, we require com-
panies to report turnover above $11.2 million and total assets above $5.6 million in 
each year before the reform. For years after the reform, treated firms are required to 
report turnover below $22.8 million and total assets below $11.4 million. The con-
trol group is also constructed using both turnover and total assets thresholds. This is 
a stricter requirement than that used in our benchmark analysis, which implies less 
measurement error in our classification. The result of using a stricter classification 
is that we are left with a much smaller number of treated firms (237 in the treat-
ment group versus 906 in the benchmark specification). As employment is largely 
unobserved, this stricter classification may also falsely exclude firms that should 
be in the treatment group. For example, a capital-intensive firm with turnover and 
employees below the thresholds after the reform should be in the treatment group. 
As the firm is capital intensive, its total assets might exceed the SME threshold. As 
we only use turnover and total assets for classification, this firm will not be in our 
second treatment group.

By comparing our benchmark treatment group and this new treatment group 
(Appendix D), we do not find these two groups are significantly different in 
terms of the growth rate of turnover or total assets, the level of turnover, invest-
ment rate, profitability, the marginal tax rate, or the cash flow before the policy 
reform. Unsurprisingly, we find that firms in the benchmark treatment group and 
excluded from the second treatment group tend to be larger in terms of total assets. 
Interestingly, we do not find any significant difference between the two groups of 
firms in terms of turnover or profitability. This supports our hypothesis that the 
excluded firms are likely to be capital intensive.

Table 9 reports the estimation results under the new, stricter classification. We 
control for common business cycle effects in columns 1 and 3, and sector-specific 
business cycle effects in columns 2 and 4. The estimated coefficient on ​​d​ i, t​ 

R ​ × ​d​ i​ 
T​​ 

is 0.044 when we do not include firm-level characteristics (columns 1 and 2 of 
Table 9). The point estimate increases to 0.049 when we include firm-level control 
variables (columns 3 and 4 of Table 9). These point estimates are larger than the 
corresponding benchmark estimates in Table 6. Nonetheless, the ​Z​-test suggests that 
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these point estimates are not statistically different. For example, when comparing 
the point estimate in column 6 of Table 6 to that in column 4 of Table 9, we obtain ​
Z  =  − 1.301​.17

When we use both thresholds to classify the treatment, we may fail to include 
capital-intensive firms in the treatment group as discussed above. It is unclear 
whether capital-intensive firms would have a higher or a lower tendency to invest. 
Therefore, estimates based on the two thresholds may still be biased due to selec-
tion, but the direction of such bias is unclear. Although we are unable to address 
these issues due to lack of information on employment, we believe that our bench-
mark estimates are likely to be biased downward and thus, they should serve as the 
lower bound for the treatment effect.

D. Placebo Tests

We carry out three placebo tests. In the first test, we use firms that were always 
medium sized as the treated group. We continue to use the never-qualified firms as the 
control group. For both groups, the rate of FYAs did not change: for medium-sized 
firms, the rate was 40 percent throughout our sample period, and for large firms, 
which could not claim FYAs, the rate remained at 25 percent. Column 1 of Table 10 
shows that the estimated coefficient ​​β​3​​​ is not statistically different from 0.

In the second placebo test, we create an alternative treatment group from the set of 
firms that never qualified for FYAs, which are in our benchmark control group. The 
definition of the new treatment group is somewhat arbitrary here. We allocate firms 

17 The Z-test statistics = ​​ 
​β​3​​ − ​β​ 3​ ​​​​ ′​ ​  ___________________  

​√ 
______________

  ​(se (​β​3​​))​​ 2​ + ​(se (​β​ 3​ ​​​​ ′​ ​))​​ 2​ ​
 ​​ , where ​​β​3​​​ and ​​β​ 3​ ​​​​ ′​ ​​ correspond to the estimated treatment effect 

using the benchmark and the alternative classifications, separately. ​se (​β​3​​)​ and ​se (​β​ 3​ ​​​​ ′​ ​)​ are associated standard errors. 

Table 9—Estimated Response of Investment Rate to Tax Subsidy: Use Both 
Turnover and Total Assets Thresholds to Classify the Treated Group

Dependent variable (1) (2) (3) (4)

​​d​ i, t​ 
R ​​ × ​​d​ i​ 

T​​ 0.044 0.044 0.049 0.049
(0.014) (0.014) (0.014) (0.014)

Growth rate of turnoveri, t 0.109 0.011
(0.018) (0.018)

MTRi,t −0.036 −0.040
(0.023) (0.022)

Profitabilityi, t−1 0.218 0.215
(0.050) (0.050)

Growth rate of total assetsi, t 0.017 0.016
(0.008) (0.008)

Year fixed effects Yes No Yes No 
Sector-year fixed effects No Yes No Yes
Firm fixed effects Yes Yes Yes Yes
Number of firms 2,559 2,559 2,559 2,559
Number of observations 12,795 12,795 12,795 12,795

Notes: In this table, we report the estimation results based on equation (1). We con-
struct the treatment and the control groups using both total assets and turnover thresholds. 
Heteroscedasticity and cluster-robust standard errors are in parentheses. The unit of clustering 
is the industry of the firm.
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into the new treatment group if their turnover is above $11.2 million in each year 
before the reform and between $45.6 and $91.2 million in each year after the reform. 
Companies in the new treatment group have always enjoyed WDAs at 25 percent 
and hence, their investment behavior should not be different from that of the control 
group. Our finding is consistent with this hypothesis. In column 2 of Table 10, the 
estimated coefficient ​​β​3​​​ is again not statistically different from zero.

In the final placebo test, we consider changes in nonqualified investment following 
the reform. We do not directly observe the amount of nonqualified capital expenditures 
from our data sources. Therefore, we infer the amount of nonqualified capital expendi-
tures as the difference between total investment and qualified investment. Total invest-
ment is calculated as the change in fixed assets from the previous year. In column 3 
of Table 10, we report the estimation result. The point estimate is essentially 0, which 
suggests that the availability of FYAs had no impact on nonqualified investment.

We conduct three different placebo tests in this section, and we do not find treat-
ment effect in any of the placebo tests. This lends further support to our benchmark 
findings.

E. Other Robustness Checks

To further check the reliability of our benchmark results, we conduct a number of 
robustness checks. To be succinct, we briefly discuss the findings here and provide 
more details in Appendix E.

One concern is whether the control group is truly comparable to the treated group. 
By construction, firms in the control group are larger than firms in the treatment 
group, and hence could be subject to different investment trends. In Table E1, we 
drop the top 5 percent (column 1) or the top 50 percent (column 2) of companies in 
the control group in terms of total assets. The estimated coefficient ​​β​3​​​ on the inter-
active term ​​d​ i, t​ 

R ​ × ​d​ i​ 
T​​ remains positive and statistically significant in both columns, 

with a magnitude of between 0.023 and 0.024, close to our benchmark result. We 

Table 10 —Placebo Tests

​​I​i,t​​​/​​K​i,t−1​​​ ​​I​i,t​​​/​​K​i,t−1​​​ ​​I​ i,t​ 
Non-qualified​​/​​K​i,t−1​​​

Dependent variable (1) (2) (3)

​​d​ i,t​ 
R
 ​​ × ​​d​ i​ 

T​​ 0.006 −0.018 0.006
(0.011) (0.016) (0.007)

Control variables Yes Yes Yes
Sector-year fixed effects Yes Yes Yes
Firm fixed effects Yes Yes Yes
Number of firms 3,897 2,516 3,451
Observations 19,845 12,580 16,132

Notes: We present results from three placebo tests in this table. In column 1, we use firms 
that were always medium-sized as the treatment group. In column 2, we create an alternative 
treatment group from the set of larger firms that never qualified for FYAs. In column 3, we 
use the original classification for the treatment and control groups but use nonqualified invest-
ment rate as the dependent variable. We control for the growth rate of turnover, lagged profit-
ability, the marginal tax rate, and the growth rate of total assets throughout different columns. 
Heteroscedasticity and cluster-robust standard errors are in parentheses. The unit of clustering 
is the industry of the firm.
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also exclude large firms from the control group based on the distribution of turnover. 
The results are virtually identical and hence, are not reported here for brevity.

As a further check, we match companies in the control group to companies in 
the treatment group by constructing a propensity score (for being treated) based on 
observed firm characteristics. Column 3 of Table E1 reports the weighted regression 
results for the matched sample. The estimated coefficient ​​β​3​​​ on the interaction term 
is positive, statistically significant, and very close in magnitude to those estimates in 
our benchmark specifications.

Another possible confounding factor is the anticipation effect. For example, if 
firms anticipated the UK reform shortly before its announcement on December 10, 
2003, firms whose financial year ended in December 2003 could have delayed qual-
ifying expenditure to 2004 in order to receive the benefit of FYAs.18 If this type 
of anticipatory effect is driving the estimated tax effect on investment, we should 
observe a drop in the investment rate of firms with a December year-end one year 
before the reform (labeled as Year 0) and a larger increase in Year 1, relative to other 
treated firms. Figure 2 plots the average gross investment rate of treated firms with 
a December year-end, and that of other treated firms. While there is indeed a drop 
in the investment rate of December year-end firms in Year 0 relative to other treated 
firms, the difference is tiny and statistically insignificant. The investment rate of 
December year-end firms is actually lower in Year 1 relative to other treated firms. 

18 Firms with a year end in December account for around two-thirds of our sample. 
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Figure 2. Average Gross Investment Rate for December and Non-December Firms

Notes: We plot in this figure the average gross investment rate for treated companies with accounting year-end 
in each December and that for the rest of treated companies. We conduct a t-test of the hypothesis that the mean 
investment rate of treated December firms is the same as the mean investment rate of treated non-December firms 
in Year 0. We cannot reject the null as t-test statistic is 0.572 with Pr(| T | > | t |) = 0.567. We cannot reject the 
hypothesis that the mean investment rates of the two groups are the same in Year 1 as the t-test statistic is 0.292 
with Pr(| T | > | t |) = 0.770.
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As discussed in Section IIIB, it is also unlikely that firms anticipated the UK reform 
well in advance, for example, after the European Commission’s May announce-
ment. Taking all these results together, we do not find that anticipation affects our 
benchmark results.

IV.  Bunching at Qualifying Thresholds

The presence of FYAs available only for companies below a certain size thresh-
old creates notches in the cost of capital.19 To qualify for FYAs, companies may 
manipulate their size indicators. In particular, firms with a high propensity to invest 
regardless of FYAs could manipulate their size indicators to qualify for FYAs—and 
the incentive for such manipulation increases with planned investment. If this is 
the case, our benchmark estimates may be biased. We analyze this concern in this 
section.

If companies manipulate their size indicators to qualify for FYAs, we should 
observe an abnormal mass to the left of the threshold in the distribution of turnover 
or total assets, and a missing mass to the right. The top panel of Figure 3, panel A, 
provides some evidence that companies bunched just to the left of the old thresh-
old (£11.2m) before the reform. However, the distribution of turnover around the 
old threshold became smooth after the reform (bottom panel of Figure 3, panel A). 
Interestingly, companies appear to bunch below the new threshold (£22.8m) after 
the reform (bottom panel of Figure 3, panel B), although not before the reform 
(upper panel of Figure 3, panel B). In unreported exercises, we find somewhat sim-
ilar patterns in the distribution of total assets, but bunching behavior around the 
discontinuity in the distribution of total assets is not as significant as around the dis-
continuity in the distribution of turnover. Unfortunately, we cannot analyze the dis-
tribution of the number of employees as the variable is largely missing. In addition 
to this graphical evidence, we formally test whether there is excess mass to the left 
of the relevant threshold in the distribution of turnover (or total assets).20 We obtain 
positive bunching estimates around relevant thresholds, which is consistent with the 
figures. Nonetheless, these bunching estimates are not statistically significant.

If firms self-selected into treatment and they also had a higher propensity to invest 
regardless of the tax incentives, our estimated treatment effect would be biased 
upward. The statistically insignificant bunching estimates suggest that self-selection 
may not be a crucial concern. Nevertheless, as a robustness check, we exclude firms 
that are close to the new qualifying threshold for turnover. This excludes firms whose 
turnover was between £22 million and £22.8 million at least once after the reform. 
Effectively, we drop 49 firms from the treated group (5.4 percent of the treated). The 
estimation results are reported in Table 11. In column 1, we include a common set of 
year dummies. In column 2, we include sector-year dummies.

In Table 11, the estimated coefficient on the interaction between the treatment 
and post-reform dummies remains positive and highly significant, and its magnitude 

19 For the definition of a tax notch, see Slemrod (2013). 
20 We calculate the bunching statistics as in Chetty et al. (2011) using the code provided by Raj Chetty, which 

is available on http://www.rajchetty.com/utilities/. 

http://www.rajchetty.com/utilities/
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is virtually the same as that in the benchmark estimations. In unreported estima-
tions, we obtain similar results if we also drop companies clustering around the 
new threshold for total assets. For brevity, we do not report these results here. Taken 
together, these estimates imply that FYAs were effective in stimulating investment 
for a wider group of companies other than only affecting the behavior of firms that 
were able to manage their size indicators.

V.  Is the Cash Flow Effect Important?

Capital allowances may affect investment via two main channels—by lowering 
the cost of capital, and for cash constrained firms—by increasing the availability of 
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cash due to reduced tax liabilities. In this section, we exploit variation in the timing 
of corporation tax payments to test the relative importance of these two channels.

In the United Kingdom, larger firms with taxable income above £1.5 million 
in the current and preceding financial years must pay the corporation tax liabil-
ity by quarterly installments within their financial year. However, the majority of 
smaller UK companies can settle their corporation tax liability nine months after 
their accounting year end. Cash savings due to a reduced tax liability would only 
arise when actual taxes are paid and therefore, if the cash flow effect dominates the 
user cost effect, we expect to see a change in investment in Year 2 rather than Year 
1 for treated firms paying their corporation taxes in arrears. We test this hypothesis 
in Table 12. In column 1, a company is defined as paying in arrears if its taxable 
income in Year 0 and Year 1 is below £1.5 million. As a robustness check, in column 
2, companies are defined as paying in arrears if their taxable income is below £1.5 
million in every year in our sample period.21

In columns 1 and 2 of Table 12, we focus on firms with accounts ending in the 
second half of the calendar year (from July to December) and settling their tax lia-
bilities in arrears. These firms had sufficient time to adjust investment in Year 1 and 
would do so if they were not financially constrained. In contrast, if these firms were 
financially constrained, they would more likely have to adjust investment in Year 2 
when their after-tax income increased. We observe that these firms reacted strongly 
to the reform in Year 1—the estimated coefficient on the interaction between the 
treatment dummy and the dummy for Year 1 is positive and statistically signifi-
cant. The point estimate is also large in magnitude. These results indicate that firms 
increased investment in Year 1 when FYAs reduced the user cost of capital, even 
though no actual tax savings had been realized by then. Thus, the increase in invest-
ment is mainly driven by the cost of capital effect.

21 Overall, 2,285 firms in our benchmark sample always pay in arrears (66 percent) and 1,188 firms always pay 
in installment. 

Table 11—Estimated Response of Investment to Tax Subsidy: Excluding Companies 
Bunching at Turnover Thresholds

Dependent variable:
​​I​i, t​​​/​​K​i, t−1​​​ (1) (2)

​​d​ i, t​ 
R ​​ × ​​d​ i​ 

T​​ 0.024 0.025
(0.012) (0.012)

Control variables Yes Yes
Year fixed effects Yes No
Sector-year fixed effects No Yes
Firm fixed effects Yes Yes
Number of firms 3,424 3,424
Observations 17,120 17,120

Notes: We report results based on equation (1) while excluding firms that bunched at the 
turnover threshold. These are companies with turnover between £22m and £22.8m at least 
once in Year 1, 2, or 3. In column 1, we control for a common set of year dummies. In col-
umn 2, we control for sector-year fixed effects. In both columns, we control for the growth 
rate of turnover, lagged profitability, the marginal tax rate, and the growth rate of total assets. 
Heteroscedasticity and cluster-robust standard errors are in parentheses. The unit of clustering 
is the industry of the firm.
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As a further check, we use more conventional cash flow measures to identify firms 
that are likely to be financially constrained, although Farre-Mensa and Ljungqvist 
(2016) cautions that standard measures of financial constraints (such as credit rating, 
dividends, cash flow, firm age, size, and leverage) may not identify accurately firms’ 
financial status. More specifically, we adopt a triple-difference approach where we 
interact the indicator of firms’ financial status with variables in equation (1). We 
assume companies are more likely to be financially constrained if they had negative 

Table 12—Testing for the Cash Flow Effects

Dependent variable: ​​I​i,t​​​/​​K​i,t−1​​​ In arrears 
in Year 1

Always 
in arrears

Negative 
cash flow

Cash flow 
above mean

Ownership 
structure

(1) (2) (3) (4) (5)

​​d​ i​ 
T​​ × Year 1 0.040 0.037   

(0.021) (0.019)   

​​d​ i​ 
T​​ × Year 2 0.019 0.020   

(0.021) (0.020)   

​​d​ i​ 
T​​ × Year 3 0.035 0.039   

(0.016) (0.018)   

​​d​ i,t​ 
R
 ​​ × ​​d​ i​ 

T​​ 0.025 0.035 0.027
(0.012) (0.019) (0.011)

​​d​ i,t​ 
R
 ​​ × ​​d​ i​ 

T​​ × Negative lagged cash flow 0.012
(0.030)

​​d​ i,t​ 
R
 ​​ × ​​d​ i​ 

T​​ × Lagged cash flow above mean −0.014
(0.020)

​​d​ i,t​ 
R
 ​​ × ​​d​ i​ 

T​​ × Stand-alone company −0.026
(0.030)

Negative lagged cash flow −0.033
(0.014)

Lagged cash flow above mean 0.010
(0.010)

​​d​ i​ 
T​​ × Negative lagged cash flow 0.000

(0.035)
​​d​ i​ 

T ​​× Lagged cash flow above mean −0.005
(0.020)

​​d​ i,t​ 
R
 ​​ × Negative lagged cash flow 0.025

(0.011)
​​d​ i,t​ 

R
 ​​ × Lagged cash flow above mean 0.033

(0.014)
​​d​ i,t​ 

R
 ​​ × Stand-alone company 0.028

(0.020)
Control variables Yes Yes Yes Yes Yes
Sector-year fixed effects Yes Yes Yes Yes Yes
Firm fixed effects Yes Yes Yes Yes Yes
Number of firms 2,429 2,020 3,449 3,449 3,473
Observations 12,145 10,100 16,971 16,971 17,365

Notes: In columns 1 and 2, companies have year-end between July and December. In column 1, all companies paid 
tax in arrears in qualifying Year 1. In column 2, all companies always paid in arrears. In column 3, negative lagged 
cash flow is a dummy that equals 1 if cash flow is negative and 0 otherwise. In column 4, lagged cash flow above 
mean is a dummy that equals 1 if cash flow is above the mean cash flow and 0 otherwise. In column 5, stand-alone 
company is a dummy that equals 1 if a company does not belong to a corporate group. Heteroscedasticity and 
cluster-robust standard errors are in parentheses. The unit of clustering is the industry of the firm.
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lagged cash flow, or if they had a lagged cash flow below the sample mean.22 Cash 
flow is defined as the sum of profits before tax plus depreciation, scaled by total 
assets. Among the treated, 17 percent of observations had negative cash flow, and 52 
percent of them had cash flow below the mean. In the control group, 12 percent of 
observations reported negative lagged cash flow, and 51 percent of them had lagged 
cash flow below the mean. In column 3 of Table 12, we find that treated firms with 
negative cash flow did not react differently from other treated firms. In column 4 of 
Table 12, we do not find that treated firms with cash flow above the sample mean 
responded differently to FYAs. Other studies also use firm size as an indicator of 
firms’ financial status—smaller firms are more likely to be financially constrained. 
This does not seem to be true in our dataset as the relationship between size and cash 
flow (scaled by total assets) is non-monotonic (Figure F1, Appendix F). For this 
reason, we do not employ size as a measure of financial constraints.

As another approach, we identify firms in our sample that belong to a corporate 
group. Such firms are less likely to be financially constrained if there is an efficient 
internal capital market and hence, they should react less to the tax incentive than 
stand-alone firms, which are more likely to be financially constrained. Using the 
ownership information available in FAME, we define companies as part of a group 
if they directly or indirectly own more than 50 percent of some subsidiaries or if they 
are owned directly or indirectly by another corporation. By this definition, among 
the treated, 753 firms (83 percent) are part of a group, and 153 are stand-alone; for 
the control group, 2,367 (92 percent) are part of a group, and 200 are stand-alone. In 
column 5 of Table 12, we implement a triple difference approach with a dummy for 
stand-alone companies interacted with the benchmark specification. The estimated 
coefficient ​​β​3​​​ remains positive, significant, and close in magnitude to our bench-
mark estimates. The coefficient on the triple interaction (​​d​ i, t​ 

R ​ × ​d​ i​ 
T​ ×​ Stand-alone 

company) is negative but statistically insignificant. Thus, there is no evidence that 
stand-alone firms, which are more likely to be financially constrained, responded 
more to FYAs.

Taking these results together, we do not find evidence that the cash flow effect 
is a key channel through which FYAs stimulate investment of our treated firms. 
This result seems to be at odds with some previous studies (for example, Zwick 
and Mahon 2017) who find the cash-flow effect associated with bonus depreciation 
to be important. However, our results could arise if firms in our sample were not 
financially constrained. Throughout our sample period (2002/2003–2006/2007), 
the UK economy was expanding at an average GDP growth rate of 3 percent per 
annum and hence was in a boom period.23 In this period, credit was also easily avail-
able. Lending to UK businesses expanded rapidly between December 2003 (when 
higher thresholds were announced) and December 2006, often growing at double 
digits yearly rates (Bank of England 2009, 2010). By contrast, bonus depreciation in 
the United States was implemented during two economic downturns. The different 
economic environment could explain the difference between our result and previous 
findings. Overall, our analysis shows that the cost of capital effect is of first-order 

22 Using the median of cash flow to split the sample does not affect the results. 
23 Long-term profile of gross domestic product (GDP) in the United Kingdom (ONS 2013). 
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importance. Therefore, accelerated depreciation allowances could be used by poli-
cymakers to effectively boost SMEs’ investment even during non-recession periods 
and more generally, when firms are less likely to be financially constrained.

VI.  Conclusions

Using confidential UK corporation tax return data, we analyze the effects of tax 
incentives in the form of accelerated first-year capital allowances on companies’ 
investment spending. We exploit an exogenous change in the user cost of capital for 
small UK private companies due to an exogenous variation in the qualifying thresh-
olds for higher first-year capital allowances. We find that access to more generous 
capital allowances increases firms’ investment by between 2.1 and 2.5 percentage 
points. In contrast to much of the rest of the literature, we do not find evidence of 
a cash flow effect and hence, this increase in investment was mainly due to the 
reduction in the user cost of capital following the reform. Our findings are robust to 
a number of tests.

Our findings suggest that governments can effectively stimulate investment by 
providing more generous capital allowances for capital expenditures as an alter-
native to lowering the statutory corporate income tax rate. Additionally, the reac-
tion of firms to increased capital allowances is rather quick (within a maximum of 
between 12 to 18 months), pointing to the fact that tax policy delivered through 
capital allowances can be rapidly effective in stimulating investment in plant and 
machinery. Overall, our results widen the policymakers’ toolbox beyond the stan-
dard policy advice to reduce the statutory corporate income tax rate. One inter-
esting issue that we have not explored yet is how accelerated capital allowances 
targeting plant and machinery affect the composition of capital assets over time, 
especially when the tax incentives are perceived to be permanent. We leave this 
question for future research.

Appendix A: The Value of the First-Year Capital Allowance

Let ​A​ denote the present value of the tax saving due to capital allowances for a 
unit increase in investment; ​τ​ is the marginal corporate tax rate; ​r​ is the interest rate, 
which we assume is 7 percent. Before the reform, the rate of tax depreciation is ​
d  =  0.25​. The present value of FYAs before the reform can be expressed as

​A  =  τd ​{1 + ​ 1 − d _ 
1 + r

 ​ + ​​( ​ 1 − d _ 
1 + r

 ​)​ ​​ 
2
​ + ​​( ​ 1 − d _ 

1 + r
 ​)​ ​​ 

3
​ + ⋯}​ = ​ 

τd(1 + r)
 _ (r + d) ​   =  0.8359τ​.

In the case in which the asset receives an allowance of ​f  =  0.4​ in the first year, 
and then subsequently ​d​ on a declining balance basis, then

   ​​   A ′ ​  =  τ f + ​ 
τd(1 − f )
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Thus, we have ​dA/A  =  0.0329τ / 0.8359τ  ≈  0.039.​ In words, FYAs increase 
the present value of the capital allowances for a unit investment by around 3.9 
percent. If we assume the marginal corporate tax rate is 32.75 percent, FYAs 
should lower the net-of-tax cost of a unit investment, ​1 − A​ , by around 1.5 percent 
​(d(1 − A)/(1 − A)  =  0.0329 × 0.3275/(1 − 0.8359 × 0.3275)  ≈  0.015)​.

Appendix B: Sample Construction and Variable Definitions

Table B1—Building the Sample

Observations Companies
Steps (1) (2)

Firms classifiable (2002–2003, 2006–2007) 3,045,890 452,196
Drop if fixed assets zero or negative (158,051)
Remaining 2,887,839 448,076

Drop if only observations before or only after reform (629,764)
Remaining 2,258,075 332,655

Drop if only one observation before or after reform (917,514)
Remaining 1,340,561 190,293

Drop if firm changes month of end of accounts (61,689)
Remaining 1,278,872 181,333

Drop always-small firms (1,238,927)
Remaining 39,945 5,713

Drop if less than 5 observations between Year −1 and 3 (3,378)
Remaining 36,567 5,133

Drop outliers and require a balanced sample (12,552)
Remaining 24,015 4,803
  Treated 4,530 906
  Never qualified 12,835 2,567
  Always median 6,650 1,330

Notes: The sample drops from 1,278,872 observations to 39,945 observations when we drop always-small firms. 
Always-small firms cannot be used in our quasi-experimental setting because they underwent different changes in 
their capital allowances regime (see Table 1), and for this reason, they cannot be used as a control group. This reduc-
tion in sample size reflects that the majority of companies in the United Kingdom are small. In the universe of UK 
tax returns, 96 percent of the observations could be classified as referring to a small company as they report turn-
over below the threshold for qualifying as a small enterprise (5.6 million), while 99 percent report turnover below 
the threshold for medium enterprises (22.8 million).

Table B2—Variable Definitions

Box in tax return FAME line

Gross investment rate Qualified capital expenditures in year t/ 118 and 121
fixed assets in year t − 1 37

Growth rate of turnover Annual growth rate of trading turnover 1

Profitability Taxable income in year t/ 37
Total assets in year t 70

Marginal tax rate Calculated based on firms’ taxable income 
and the UK corporate tax rate schedule

37

Growth rate of total assets Annual growth rate of total assets 70

Cash flow (Profit and loss after tax in year t + 16
Depreciation in year t)/ 21
Total assets in year t 70
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Appendix C: Randomization Inference

This Appendix illustrates the procedures for conducting randomization 
inference, which is one approach to address potential serial correlations in 
difference-in-differences estimations (Bertrand, Duflo, and Mullainathan 2004; 
Chetty, Looney, and Kroft 2009). We first randomly reassign the treatment and con-
trol status to firms in the balanced panel without replacement. We then estimate ​​β​3​​​ 
based on column 1 of Table 6 where we do not include any control variables, and 
column 5 of Table 6 where we control for firm-level characteristics and a common 
set of year dummies, respectively. We repeat this process ​N​ times and each time we 
obtain an estimate of the treatment effect, ​​​β ˆ ​​3​​​. These estimates form an empirical 
distribution of ​​β​3​​​, which allows us to compute a p-value that is immune to serial 
correlation. The point estimate from column 1 of Table 6 is 0.021 and that from 5 
is 0.025. Let ​C​ be equal to the number of ​​​β ˆ ​​3​​​ if ​​​β ˆ ​​3​​​ is larger than the corresponding 
point estimate in the baseline estimations. The randomization approach generates a 
p-value for the estimated treatment effect that is equal to ​C / N​. We set ​N  =  2,000,​ 
which is sufficiently large to obtain an unbiased result. Based on the specification 
in column 1 of Table 6, we obtain a p-value of 0.005. Based on the specification 
in column 5 of Table 6, we obtain a p-value of 0.014, indicating that the estimated 
treatment effect is statistically significant at the 5 percent level. These results are in 
line with findings from our baseline estimations.

Appendix D: Comparing Two Types of Treated Firms

Table D1—Summary Statistics and t-Test Results

Only turnover 
threshold

Both 
thresholds Difference

t-test statistics 
( p-value)

(1) (2) (3) (4)

Growth rate of turnover −0.018 −0.029 0.010 0.194
(0.005) (0.007)

Growth rate of total assets −0.045 −0.076 0.031 0.225
(0.016) (0.011)

Profitability 0.047 0.050 −0.003 0.451
(0.002) (0.003)

Marginal tax rate 0.153 0.151 0.002 0.745
(0.004) (0.006)

Investment rate 0.170 0.167 0.003 0.845
(0.009) (0.111)

Cash flow 0.071 0.065 0.006 0.659
(0.009) (0.007)

Turnover 16,800,000 17,000,000 −247,977 0.399
(162,885) (241,952)

Total assets 34,600,000 9,628,980 24,971,000 0.000
(4,498,662) (254,319)

Notes: We compare two types of treated firms: column 1 provides the means and standard errors of variables for 
firms in the benchmark treatment group (1,235 observations), which are excluded from the alternative treatment 
group as defined in Section IIIC; and column 2 provides the statistics for firms in both the benchmark and the alter-
native treatment groups (547 observations). We focus on the pretreatment period. Column 3 reports the differences 
in the mean column 1 − column 2. In column 4, we report the p-value of the t-test on the hypothesis that the means 
of each variable across the two types of treated firms are equal.
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Appendix E: Other Robustness Checks

Appendix F: Non-monotonic Relationship between Cash Flow and Firm 
Size
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Table E1—Alternative Control Groups and Propensity Score Matching

Drop top 5% Drop top 50% PSM
Dependent variable: ​​I​i, t​​​/​​K​i, t−1​​​ (1) (2) (3)

​​d​ i, t​ 
R ​​ × ​​d​ i​ 

T​​ 0.023 0.024 0.024
(0.011) (0.013) (0.010)

Control variables Yes Yes Yes
Sector-year fixed effects Yes Yes Yes
Firm fixed effects Yes Yes Yes
Number of firms 3,378 2,387 3,404
Observations 16,724 10,948 17,020

Notes: In column 1, we drop the top 5 percent in terms of total assets of the companies never qualifying, in col-
umn 2, the top 50 percent. The percentiles refer to the distribution of total assets of the companies never qualify-
ing. In column 3, we use a propensity score matching (PSM). We use the kernel matching method for the PSM. 
To construct the propensity score, we employ a logit model, which regresses the dummy indicating the treatment 
group on the average pretreatment growth rate of turnover, the natural logarithm of total assets, profitability, and 
sector dummies. Heteroscedasticity and cluster-robust standard errors are in parentheses. The unit of clustering is 
the industry of the firm.
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Figure F1. Cash Flow and Quintiles of Firm Size

Notes: We plot the mean of cash flow, scaled by total assets, against quintiles of firm size. We use turnover and total 
assets as two indicators of firm size. The plot is based on the sample of treated firms.
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