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Abstract: We use panel cointegration techniques to estimate the long-run user cost elasticity

of capital (UCE) in a small open economy. The estimates exploit three sources of variation

in Canadian tax policy: across provinces, industries, and years. The UCE is estimated to

be between −1.1 and −1.3 for machinery and equipment. We also provide semi-elasticities

of capital with respect to marginal effective tax rates (METR). Our construction of the user

costs makes use of a detailed data set on federal and provincial tax policy variables.

Keywords: Capital Taxation, User Cost of Capital Elasticy, Marginal Effective Tax Rate

JEL Codes: H25, H32

Özet:Küçük açık bir ekonomide sermayenin uzun vadeli kullanıcı maliyeti esnekliği (SKME)

tahmini için panel eşbütünleşme tekniklerini kullanıyoruz. Tahminler, Kanada vergi poli-

tikasındaki üç temel farklılıaşmayı kullanmaktadır: il, sektör ve yıl bazında. Sonuçlar,

SKME’nin makine ve ekipman için -1.1 ile -1.3 arasında olduğu göstermektedir. Ayrıca,

sonuçları marjinal efektif vergi oranı (METR) bazlı yarı esneklik olarak da sunuyoruz. Ser-

mayenin kullanım maliyeti oluşturulmasında, federal ve eyalet vergi politikası değişkenleri

ile ilgili ayrıntılı verilerden yararlanılmaktadır.

Keywords: Sermayenin Vergilendirmesi, Sermayenin Kullanıcı Maliyeti Esneklii, Marjinal

Efektif Vergi Oranı

JEL Codes: H25, H32
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Non-Technical Summary

Many governments around the world provides tax incentives to attract private investment,

despite, to a large extend, “ responsiveness of capital investment to tax incentives” remains

to be a crucial and unsettled question in tax policy literature. In this paper, we attempt

to answer this question using a province and sector level panel data from a small open

economy, Canada. In particular, we computed user cost of capital (UCC), which includes

taxes, finance cost and price of capita for a unit of capital investment in Canada, and provide

direct estimates on UCC elasticity of capital.

We find the UCC elasticity to be between -1.1 and -1.3 for machinery and equipment

type of capital, while it is non-distinguishable from zero for non-residential construction.

In simple words, if UCC is reduced for 1 percent (in the form of a reduction in taxes or

providing subsidies, while holding finance cost and actual market price of capital constant),

we expect to see an increase in machinery and equipment type of capital to increase for

about 1.2 percent. In contrast, we do not see a response in non-residential construction type

of capital to such incentives.

Furthermore, different than the literature, we provide a different way of computing UCC,

where we incorporate the METR directly. This allows us to include a more comprehensive tax

policy ingredient in the UCC, which has usually been computed with general characteristics

of a tax system. Integration of METR also allows us to provide direct inference about the

overall burden of a tax system on capital investment.

Many studies on UCC elasticity in the past utilized micro data from large open economies,

such as the US and Germany. These studies therefore had to deal with potential endogeneity

issues, as shifts in tax policy would not only affect the price of capital within the country but

also, the world prices. Within the Canadian context, as a small open economy and largely,

integrated with the US markets, this is not an issue. That allows us to obtain more robust

results.
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1 Introduction

During the 2012 Canadian federal election campaign, the Finance Minister summed up his

belief about the benefits of corporate income tax cuts with the statement: “Low taxes are

encouraging businesses to invest more in the Canadian economy, which is stimulating job

creation and economic growth.”(CBCNews, 2011). Similar arguments were made in the U.S.

on the tax cuts of the Trump administration. Is the belief justified? This paper contributes

to the policy debate by estimating the long-run user cost elasticity of demand for capital

(UCE) using an error correction model (ECM) applied to Canadian panel data, that varies

by industry, by year, and by province.1

A fundamental difficulty of estimating the UCE is the identification problem that arises

from investment demand movements over the business cycle. Schaller and Voia (2017) argue

that cointegration techniques, such as the ECM, which capture long-run relationships, can

reduce simultaneity bias by exploiting persistent shifts in the supply curve, due to techno-

logical change and tax reforms. Canadian data has some attractive features for identifying

the UCE. The real interest rate and the price of machinery are largely determined in the

U.S. market, since Canada is a small open economy and imports most of its machinery from

the U.S., as argued by Schaller (2006). This observation helps to address the usual concerns

about the potential endogeneity of the user cost of capital that arises in large open economies

(Goolsbee, 2000), which have been the focus of most previous UCE studies.2

Starting in 2000, the federal government significantly reduced the corporate income tax

rate. The general federal CIT rate fell from 28 percent in 1999 to 21 percent in 2004 with

the government’s “Five Year Reduction Plan” and eventually down to 15 percent by 2012.

The tax cuts stemmed from a critique of the structure of taxation, made in the Report of the

Technical Committee on Business Taxation (1998), and from the announcement of a policy

objective in The Budget Plan 2000 to make Canada’s business tax system internationally

competitive. Taking the federal lead, many provinces also cut their corporate tax rates. The

federal and provincial tax reductions were, therefore, unlikely to be responses to short-run

aggregate demand considerations.3 Different than the Schaller (2006) study, which ends with

1999, our analysis covers these more recent tax reforms.

1The UCE is the percentage change in the net capital stock for a 1% change in the user cost, where the
user cost refers to the marginal cost of holding an incremental unit of capital for one period, inclusive of all
business-related taxes.

2Coulibaly and Millar (2011) exploit the fact that the small open economy assumption for South Africa
was temporarily violated during the country’s embargo period to show that UCE estimates tend to be biased
downward in closed economies.

3This echoes Schaller’s (2006) observation that, ”the last major reorganization of corporate tax rates and
the ITC in Canada closely followed the 1986 U.S. tax reform.”
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Additionally, our data exploits the substantial inter-provincial and inter-industry varia-

tions in tax policies to estimate the UCE in the period 1997-2013. The small open economy

assumption also applies to the individual provinces in Canada, which should dampen inter-

provincial tax competition for productive investment.4 Note that, in Canada, groups of

corporate affiliates are not permitted to consolidate income for tax purposes. Only mul-

tijurisdictional firms that do not operate separate corporate subsidiaries in each province

(representing 35 percent of corporate income between 2005 and 2008) must allocate total

income according to a statutory formula based on the distribution of sales and payroll among

provinces.5 This is quite unlike the United States, where consolidation in corporate groups

is required and most firms must use apportionment. Hence, the potential effect of appor-

tionment on the UCE estimates is likely to be much less pronounced using Canadian data.

In contrast to our panel data, Schaller (2006) applies cointegration techniques to aggregate

Canadian time series.6 To construct the panel data, we make use of the detailed provincial

and federal tax information embodied in the marginal effective tax rate (METR) figures

calculated annually by Duanji Chen and Jack Mintz.7 As we show, the user cost of capital

can be expressed as a function of the METR and non-tax variables. This allows us not only

to use the Chen and Mintz METR data to calculate the user costs, but also to supplement

the UCE with a semi-elasticity of capital with respect to the METR itself. Given the in-

tuitive appeal of the METR as a tax rate, the semi-elasticity provides an effective way to

communicate the impact of business taxes on capital formation. See McKenzie (2016) for a

recent review of METRs and a discussion of the theory.

Most previous estimates of the UCE have been based on large open economies, such as

the U.S. and major European countries. These include Auerbach and Hassett (1991), Cum-

mins and Hassett (1992), Cummins, Hubbard, and Hassett (1994, 1996), Chirinko, Fazzari,

and Meyer (2002), Tevlin and Whelan (2003).8 Dwenger (2013) argues that a distributed

4Mintz and Smart (2004) find evidence of income shifting for tax purposes between corporate affiliates
in Canada. However, competition between provinces for taxable income should not bias our UCE estimates,
since the tax competition is driven by accounting schemes and not by real investment flows.

5See Department of Finance Canada (2010).
6See also ab Iowerth and Danforth (2005), who apply cointegration techniques to components of machinery

and equipment in Canada. The only other study that estimates the UCE with Canadian data is by Parsons
(2008). He obtains a UCE of −0.7 using a difference-in-differences approach on the 2000-2004 tax reforms.

7See, e.g., Chen and Mintz, 2015. We are grateful to Jack Mintz, Duanjie Chen and V. Balaji Venkat-
achalam at the University of Calgary’s School of Public Policy for sharing their METR figures at the level of
disaggregation required for our analysis for the period 2007 to 2013. For the earlier period of 1997 to 2006,
we calculated the disaggregated METRs by adapting the pre-2007 METR model of Chen and Mintz.

8Some studies refer to the elasticity of “investment,” while others refer to the elasticity of the “capital
stock.” A typically used dependent variable is It/Kt−1 where It is gross investment and Kt−1 is the lagged
value of the capital stock. When this variable is regressed against the percentage change in the user cost
(rather than its level), the coefficient is equivalent to a long-run elasticity of the capital stock, as Chirinko,
Fazzari, and Meyer (1999) show.
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lag model in first differences (DLM) omits important long-run information, resulting in an

underestimate of the UCE. She obtains a UCE close to −1 with an ECM, but a much lower

magnitude using the DLM of Chirinko, Fazzari and Meyer (1999). In an appendix, we pro-

vide estimates of a DLM with our data and corroborate Dwenger’s finding for Germany.

Although the consensus centers on a UCE of −1, there are various estimates typically be-

tween −0.5 and −1, depending on the type of capital (Hassett and Hubbard, 2002).9 Schaller

(2006) found a UCE of −1.6 for machinery and equipment (M&E), while his UCE estimates

for non-residential construction (NRC) are indistinguishable from zero. We also obtain sta-

tistically insignificant results for NRC. Later, we discuss several reasons why estimating the

UCE for NRC poses unique challenges, that may explain the puzzling finding. Our estimates

of the UCE for M&E range from −1.078 to −1.312. Assuming an METR of 27% (the sam-

ple mean value), the semi-elasticity of the the stock of M&E with respect to the METR is

about −0.3. The latter value of the semi-elasticity suggests, for example, that a 5 percentage

point reduction in the METR, say from 15 to 10 percent, would in the long run generate an

increase of 1.5 percent in the stock of M&E. Overall, the results appear to justify the belief

of the Finance Minister in the run up to the 2012 election, that physical capital investment,

particularly machinery and equipment, is sensitive to business tax rates.

The remainder of the paper is organized as follows. Section 2 reviews the concepts of the

user cost of capital and the marginal effective tax rate, and the theory of investment. Section

3 describes the data and tests for nonstationarity and cointegration. Section 4 contains the

empirical results for the ECM specifications. Section 5 concludes. An appendix provides the

DLM estimates for M&E and the results for NRC.

2 Theory

2.1 User Cost of Capital

According to the neoclassical theory of investment in a small open economy, firms add to

their capital stock until the rate of return is just sufficient to pay corporate taxes and a

competitive net-of-tax return to international investors.10 Thus the user cost of capital

equals the equilibrium gross-of-tax rate of return. The user cost of capital C is given by11

9Chirinko (2008) concludes that the weight of the evidence is a UCE in the range of −0.4 to −0.6.
10The neoclassical model of investment behavior and the concept of the user cost of capital originate with

Jorgenson (1963).
11To avoid clutter in the exposition, we shall omit the subscripts for time, province, and industry, until

they are needed.
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C = q
(1 + tS)(rf + δ) [(1− φ) + τ(1− u)/(α + rf + π)]

1− u
(1)

where q = pK/p is the relative price of the capital input pK to the output price p, δ is the

economic depreciation rate, rf is the real cost of corporate funds (i.e., net of inflation), ts

is the sales tax on capital goods wherever this is applicable, τ is a capital-based tax rate,12

u is the statutory corporate income tax rate, and φ is the reduction in the effective price

of capital arising from the tax shield provided by capital cost allowances. If the rate of tax

depreciation is α under a declining-balance method, then

φ = uZ + κ (2)

Z =
α(1 + rf + π)

(α + rf + π)
(3)

with κ denoting an investment tax credit rate and Z is the present value of capital cost

allowances on one dollar of capital.13 The expression for rf recognizes that the firm’s interest

on debt is tax deductible and is given by

rf = βi(1− u) + (1− β)η − π (4)

where β is the proportion of debt in the firm’s capital structure, i is the nominal interest

rate on debt, η is the required nominal return on equity, and π is the inflation rate.

The capital stock (at constant prices) used for the production of goods and services in

period t is measured as the end-of-year net stock of capital in period t − 1. Net capital

accumulates according to the equation

Kt+1 = (1− qδ)Kt + It (5)

where It is gross investment (at constant prices) during year t.

2.2 Marginal Effective Tax Rate

The expression for the user cost of capital can be rewritten in terms of the METR. For this

purpose, define Cn as the “net-of-depreciation user cost of capital” by subtracting qδ from

12Federal and provincial governments have levied a tax on the capital employed (essentially, paid-up equity
and debt) by larger corporations. The federal tax was eliminated in 2006, except for financial and insurance
corporations; some provinces continue to apply a general capital tax.

13This formulation for Z assumes that the investment takes place at the start of the year. If the investment
occurs at the end of the year, then Z = α

(α+rf+π)
.
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(1) (Fabling et al., 2013):

Cn = C − qδ (6)

The commonly used definition of the marginal effective tax rate (METR) is the proportionate

tax wedge between the net-of-depreciation user cost and the net-of-tax return received by

investors:

METR = (Cn − qr∗)/Cn (7)

where r∗ = βi + (1 − β)η − π is the investors’ required net-of-tax real rate of return on

corporate capital. For a small open economy, r∗ is the “world” real net rate of return of the

financial stakeholders.14

The relationship between the user cost of capital and METR can be derived by substi-

tuting for Cn in (7) using (6), adding and subtracting qr∗, and then rearranging terms to

obtain

C = q (r∗ + δ) + qr∗
(

METR

1−METR

)
(8)

where the second term on the right side of (8) is the tax wedge between the net user cost of

capital and the required return of investors on a marginal unit of capital. In the absence of

distortionary taxes, METR = 0 and C = q(r∗ + δ). Equation (8) provides a novel way of

expressing the tax-adjusted user cost of capital and enables us to make use of the detailed

METR data of Duanjie Chen and Jack Mintz to estimate the UCE. While the value of r∗

varies over time, it is held fixed within the construction of the METR variables.15 The

depreciation rate δ is constant over time but varies by type of capital, by industry, and by

province. It will be useful later to note the percentage change in the user cost with respect

to a small change in the METR. Letting c ≡ lnC, it equals

dc

dMETR
=

1

1−METR
· 1

1 + (1−METR)(δ/r∗)
(9)

14In the METR model, the values of i and η are based on an assumed real interest rate on debt, an
arbitrage equation to determine the implied rate of return on equity, and the average personal income tax
rates on interest, dividends, and capital gains in the G-7 countries.

15In the METR calculations, r∗ = 0.0349 and q = 1 in every year. In computing the value of C in year
t, the second term in (8)—i.e., the tax wedge—fixes q and r∗ at these values, thereby making the second
term vary only due to changes in tax policy. Intertemporal changes in the cost of capital are reflected in
letting the price index q and the required real rate of return r∗ be time-varying in the first term of (8).
Thus, we construct time series for the user cost variables for our empirical work according to the equation
Ct = qt(r

∗
t + δ) + 0.0349 ×METR/(1 −METR), where qt and r∗t are based on annual series for the price

index and the real interest rate and the METR varies across time only with changes in tax policies.
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2.3 Dynamic Specifications

Suppose that the desired level of the capital stock, K∗, is a positive function of the desired

output, Y , and an inverse function of the user cost of capital, C, of the form

K∗ = γY ζC−UCE (10)

where γ, ζ, and UCE are parameters. Equation (10) conforms with Agenor’s (2004) “eclec-

tic” theory, in which the desired capital stock has an accelerator component (desired output)

and the user cost of capital. Equation (10) can also be derived from the first-order condition

for a static profit-maximization problem of a firm with a CES production function, as in

Dwenger (2013). Since it generally takes time for firms to implement their desired capital

stocks, a theory of capital adjustment is used to generate a dynamic model. We posit a gen-

eral autoregressive distributed lag model in levels and apply to it the Bewley transformation

(Bewley, 1979) to obtain an error-correction model.16

The Bewley-transformed ECM can be written as:17

ki,j,t = ψ0 − ψ1∆ki,j,t + ψ2yi,j,t − ψ3ci,j,t −
Hy−1∑
h=0

ψ4h∆yi,j,t−h +
Hc−1∑
h=0

ψ5h∆ci,j,t−h + υi,j,t (11)

16The autoregressive distributed lag model (in levels) is a generalization of the well-known partial
adjustment model of the capital stock, which (for a given province and industry) can be written as
Kt = K∗1−ρKρ

t−1 (Davidson and MacKinnon, 1993: 682). Taking logs and substituting for K∗t using
(10), gives kt = (1− ρ) ln γ + ρkt−1 + (1− ρ)αyt − (1− ρ)UCEct.

17Equation (11) is derived as follows. For simplicity of exposition, suppose that kt has only one explanatory
variable , x, and that it has two lags. Then the autoregressive distributed lag model (in levels) can be written
as

(kt − ρkt−1) = γ + β0xt + β1xt−1 + β2xt−2 + εt

Furthermore,

β0xt + β1xt−1 + β2xt−2 = (β0 + β1 + β2)xt

−(β1 + β2)∆xt − β2∆xt−1

Note that
kt − ρkt−1 = (1− ρ)kt + ρ∆kt

Using the last equation to substitute for the left-hand side of the first equation, and the middle equation
to substitute for the right-hand side of the first equation, then rearranging terms and dividing through by
1− ρ, yields the Bewley-transformed ECM:

kt =
γ

1− ρ
− ρ

1− ρ
∆kt−1 +

(β0 + β1 + β2)

1− ρ
xt

− (β1 + β2)

1− ρ
∆xt −

β2
1− ρ

∆xt−1 +
εt

1− ρ
.
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where xi,j,t ≡ lnXi,j,t for province i, industry j and year t, while ∆xi,j,t−h = xi,j,t−h−xi,j,t−h−1

expresses the variables in terms of growth rates and υi,j,t is an error term.

An attractive feature of the Bewley transformation is that the UCE is estimated directly

as the coefficient on the level of the user cost variable in (11). The UCE and the METR

semi-elasticity of capital (MSE) are defined in this notation, respectively, by

UCE =
dk∗i,j
dci,j,t

= −ψ3, for all i, j, t (12)

MSE = −ψ3 ×
dci,j,t

dMETRi,j,t

(13)

where k∗ in (12) represents the long-run equilibrium value of capital (in logs), i.e., k∗ = kt =

kt−1. The differenced terms, ∆y and ∆c, capture the process of adjustment to the long-run

equilibrium.

3 Data and Definitions

3.1 Variations in Capital Stocks and METRs

The panel data used in the empirical analysis has three dimensions: across industries and

provinces, and over time. In particular, the analysis focuses on the 10 provinces of Canada

and 7 major industries at the 2-digit NAICS level18 over 17 years of annual data from 1997 to

2013. The data sources and variable descriptions are provided in Table 1 and the summary

statistics are presented in Table 2.

The dependent variable used in the regressions is the logarithm of the capital stock.

The year-t capital stock is given by the net capital stock at the end of the preceding year,

using geometric depreciation. There are 15 asset classes of machinery and equipment and 3

asset classes of non-residential construction used in the construction of the METR values.

Aggregation of the METRs uses capital weights developed by the federal Department of

Finance, which is incorporated into the model of Chen and Mintz. The provincial sales tax

component of the METR uses estimates of the share of retail sales tax borne by capital

inputs in each industry-province pair, based on revenue statistics classified by industry and

type of asset. The economic depreciation rates are asset-specific and estimated by Statistics

Canada. The federal and provincial investment tax credits are based on information from

KPMG Tax Facts booklets and various issues of the Canadian Tax Foundation’s publications

18This is because Mintz-Chen METR calculations are available for only main industries; namely, manu-
facturing, construction, communication, transportation, utilities, wholesale and retail trade, which overall
account for about 70% of annual capital investment in Canada (excluding the public sector and non-profits).
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of Finances of the Nation. These and other data used in the construction of the METRs are

from the work of Duanjie Chen and Jack Mintz, which are embodied in their annual Global

Tax Competitiveness Ranking (see, e.g., Chen and Mintz, 2013). Property taxes and tariffs

on machinery and equipment are excluded in the METR calculations.

Cross-sectional variations in the METR capture features of provincial business tax sys-

tems. Aside from differences in statutory corporate tax rates, some provinces give generous

tax credits and there are important differences in provincial indirect tax systems (e.g., HST

versus a retail sales tax).19 Changes in federal tax rates generate intertemporal variations

in the METR, while the preferential treatment of manufacturing over service industries cre-

ates tax differences between industries, which also change over time.20 Figure 1 presents

the variation in METR across the seven industries in our sample (averaged across the four

largest provinces) and Figure 2 does the same for the four largest provinces (averaged across

industries). The figures are displayed separately for NRC and M&E. NRC consists of build-

ings and engineering. M&E (NRC) represents 66 percent (34 percent) of the total stock of

M&E and NRC capital. The METRs in both the Figures 2 and 3 steadily decline over time

until 2006, then sharply after 2006. It is also evident from Figure 1 that the manufacturing

industry received preferential tax treatment, particularly for M&E capital investments. The

reduction in the corporate tax rate from 2001-2004 is reflected in the decline in the METR

for the service industries. In contrast, since the reduction did not apply to manufacturing,

which already benefited from a special lower rate, the METR for manufacturing does not

decline during the early 2000s. The most significant changes in the METR occur in 2006-07,

following the introduction of accelerated depreciation for asset classes used in manufacturing

and processing activities. In Figure 2 the reduction in METR was most striking in Quebec

for M&E. Negative values for the METR occur in some years, especially with M&E in the

Atlantic provinces, due to the Atlantic Investment Tax Credit.

In computing the user cost, the real interest rate is represented by the yield on the

federal government’s Real Return Bonds. Industrial price indexes for capital inputs are

available from Statistics Canada for each province (by major city, in the case of NRC). An

alternative input price series for M&E that varies by industry but not by province is used

as a robustness check. Data on industrial output prices are unavailable. Hence, we used the

industry level CPI as the output price variable. Provincial GDP is used to represent the

19Provinces that levy a retail sales tax impose an extra burden on businesses by charging the tax on some
capital inputs, but in the provinces with a Harmonized Sales Tax (HST), the incidence does not occur, since
the tax base is value added rather than sales. Bird and Smart (2009) argue that this tax policy issue is
quantitatively important for understanding inter-provincial investment differences.

20The industries in our sample that are regarded as service industries are construction, communication,
transportation, wholesale and retail trade.
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accelerator component of desired capital.

3.2 Unit Roots and Cointegration

Table 3 provides p-values for the results of three common tests for unit roots in each of the

variables: the tests of Harris-Tzavalis (1999), Im-Pesaran-Shin (2003), and Hadri (2000), are

given in rows 1–3, respectively. The main differences across these tests is the way they treat

the aggregation of the test results. Based on this aggregation principle, each test forms a

different hypothesis. For instance, the first one runs the test separately for each panel and

examines if there exists a unit root in at least some of the panels. The null in the second

test is that all panels contain unit roots; while the null for the last test is that all panels

are stationary. The first test result indicates that we cannot reject the hypothesis of non-

stationarity (in at least some of the panels) of the capital stocks and the user cost for both

M&E and NRC, and for GDP, with all variables in logs. The second test fails to reject the

hypothesis that all panels contain unit roots for the capital stocks and the user cost of M&E,

while rejecting it for the user cost of NRC and for GDP. Finally, the third test rejects the

hypothesis that the all panels are stationary in the case of each variable. Overall, the tests

suggest the existence of unit roots in the variables.

Table 4 shows results for the Westerlund (2007) panel cointegration test. In the first pair

of rows in the table, the Gτ and Ga are the group test statistics for the null hypothesis, that

the panel as a whole is not cointegrated, against the alternative that it is. The second pair of

rows give the Pτ and Pα panel test statistics, where the null hypothesis is that no panels are

cointegrated, against the alternative that at least one of the panels are cointegrated.21 The

robust p-values (boostrapped ten thousand times) are displayed in the table. The results are

mixed at conventional levels of statistical significance. For M&E, both group and panel tests

provide evidence for the existence of panel cointegration despite the fact that Gα and Pα

are only marginally statistically significant at about the 12 % level. The results are mostly

insignificant for NRC, except for the Pτ test that suggests the existence of cointegration in

some of the panels. Overall, the tests provide evidence that there is a long-run equilibrium

relationship between capital, the user cost of capital, and GDP in the case of M&E, while

the evidence is weaker for NRC. Given the evidence of non-stationarity and cointegration

between the variables, we estimate an error correction model, as in Dwenger (2013).

21The α and τ test statistics differ in the details of how the statistic is computed. In the case of α, the
computation is done based on the cointegration parameter (α), while in the case of τ , it is based on the
t-values of the α coefficient estimates. See Westerlund (2007).
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4 Empirical Estimation

The ECM specification is given by (11), which is estimated using the two-step Arellano-Bond

System-GMM (Arellano and Bover, 1995, and Blundell and Bover, 1998).22 In GMM, we

instrument the lagged dependent variable (implicit in ∆ki,j,t) and GDP (and its first differ-

ences) using the available lags. We present the results with up to three lags for both models,

where the first lag of instruments in each specification starts with the last lag specified in

the model.23 The instrument matrix is collapsed and the minimal number of instruments are

employed, as neither our cross-section nor the time length is large enough to accommodate

a large number of instruments, along with the Windmejer robustness adjustment.24

4.1 Results

Table 5 presents the results of the Bewley-transformed ECM for M&E. The UCE is given

by the coefficient of UCC. Columns 1 to 3 yield UCE values ranging from −1.078 to −1.312,

while the GDP elasticities are from 0.568 to 0.621. The coefficients on the dynamic ad-

justment terms, represented by the variables in first differences, are mostly negative; this is

expected theoretically for the differenced GDP terms, but are the wrong sign for the differ-

enced UCC terms, although they are statistically insignificant. The autoregression coefficient

on the first-difference of M&E capital is also not significant. The necessary tests results (i.e.

Hansen and AR(2) tests) are satisfactory.

4.2 Robustness

As a robustness check, the regressions are repeated but this time with a price index for

imported M&E used in the calculation of the UCC variable. The alternative price series

varies by industry, though not by province. The price for imported M&E mitigates any

concern on the possible endogeneity of the price. As can be seen in columns 4 to 6, the

alternative price series has little impact on the estimated elasticities.25

22Although with cointegrated data the estimates are superconsistent, we follow Dwenger (2013) in applying
IV techniques, based on the conclusions of Hansen and Phillips (1990) on the small sample properties of
OLS versus IV estimators in cointegrating regressions.

23For instance, in the model with one lag, yi,j,t and ∆yi,j,t−1 are instrumented with lags 2-7 of these
variables.

24Roodman (2008) provides a comprehensive discussion on the technical details of the Arellano-Bond
GMM estimator employed here.

25Due to generous tax credits for investments in M&E in the Atlantic Provinces, the METRs are “large”
negative values in some years in those provinces. As firms can only benefit from such implicit subsidies
if they have offsetting profits in other activities, we also checked the effect of resetting the METR to zero
whenever it is negative. This change had negligible effects on the results.
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4.3 METR Semi-Elasticity

The METR semi-elasticity (MSE) has a straight-forward interpretation: a 1 percentage point

increase (decrease) in the METR leads to a decrease (increase) in the capital stock by 100×
MSE percent. Unlike the UCE, the semi-elasticity value depends on the size of the METR,

as well as the real interest rate and the depreciation rate. Table 6 gives the MSE, calculated

using a UCE of −1.3 and METR values of about 27 percent (column 2) and 11 percent

(column 3), which correspond to the METRs at the sample mean and the most recent year,

respectively.26

The percentage change in the capital stock is obtained from the elasticities, as follows:

long-run change: ∆K/K ≈MSE ×∆METR

For example, a 5 percentage point decrease in the marginal effective tax rate (say, from 15

percent to 10 percent via a combination of federal and provincial reductions in the statutory

tax rates) would lead to a predicted long-run rise in the M&E capital stock by about 1.6

percent (100× (−0.05)× (−0.32)) at the sample average METR value in Table 6. To give a

sense of the effect of statutory tax rate changes on changes in METR values, a hypothetical

five percentage point reduction in the federal statutory corporate income tax rate in 2009,

from 19 percent to 14 percent, would translate into a 3.9 percentage point reduction in the

aggregate METR.

4.4 Discussion of Non-Residential Construction

We have focused on the results for machinery and equipment. The estimates for non-

residential construction are relegated to an appendix. The UCE estimates for NRC are

statistically insignificantly different from zero and in some specifications the coefficients have

the wrong signs. The general results echo Schaller’s (2006) findings on the UCE for NRC

in the macro data, as well as the conclusion of ab Iorwerth and Danforth (2004: 14) that,

for non-residential construction, “parameter estimates were often insignificant and of the

wrong sign and the overall fit of these models was poor.” What might explain this puzzling

outcome?

ab Iorwerth and Danforth noted that the observed secular and permanent decline in

the price of information technology investments can help to identify the UCE for M&E in

a cointegration framework and that the absence of a similar decline in the price of NRC

investments may help explain why a non-zero UCE for this form of capital has been elusive.

26For this purpose, annual weighted-average METR values are constructed using the province-industry
capital weights.
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Moreover, we observe less interprovincial and inter-industry variations in the METR for

NRC than in the METR for M&E (see Figures 1 and 2), with variation in the latter driven

by accelerated depreciation for M&E in some of the provinces. Other possible reasons for

the poor fit of the NRC models rest with the construction of the METR and hence with

the user cost of capital. If a corporation constructs its own building, for example, then

there is a time-to-build aspect of the investment, which is not factored into the standard

METR calculations that are used in our analysis. Furthermore, the long-lived nature of non-

residential construction may make such investments more susceptible to uncertainty about

future economic conditions. The METR for irreversible investment under uncertainty differs

from the conventional METR (see McKenzie, 1994). An agenda for future research is to

modify the METR calculations for NRC to take into account time-to-build and uncertainty.

The important differences in the elasticities for M&E versus NRC suggest that disaggregating

these forms of capital in the empirical analysis may be important for understanding the

market’s responses to changes in tax policies (Caballero, 1994, Schaller, 2006, and Smith,

2008).

5 Conclusions

We have estimated the long-run user cost elasticity (UCE) of capital for machinery and

equipment, together with the implied semi-elasticity with respect to the marginal effective tax

rate (METR), using an error correction model (ECM). The method exploits a cointegrating

relationship between the capital stock, the user cost, and GDP, for which we provide evidence.

The empirical analysis uses three sources of variation in tax policies to identify the tax-

adjusted user cost elasticities: intertemporal, inter-industry, and inter-provincial. The small

open economy situation of Canada diminishes concerns over the potential endogeneity of

interest rates and the prices of capital goods, which pose challenges to estimating the UCE

in large economies, such as the United States and Germany, which have been the focus of the

literature. While previous studies for Canada have used exclusively national data, we use

provincial data on seven industries, spanning manufacturing and services, over the period

1997-2013. Our user cost variables are based on the very detailed METR model developed

by Duanjie Chen and Jack Mintz.

We find that the estimated elasticities for M&E are plausible and statistically significant,

while the NRC results are not. However, as M&E accounts for 66 percent of the total

of M&E and NRC in Canada, the results for M&E are important for understanding the

effects of tax policy on real capital investments. We also find, consistent with the results

of Dwenger (2013), that the elasticity for M&E is significantly higher (in absolute value)

15



when the cointegrating relationship between the capital stock and the user cost of capital

is taken into account in the estimation strategy, compared to the estimate with stationary

econometrics. Using a Bewley-transformed ECM, we find a UCE of about −1.3 for M&E.

The estimate adds to the very few recent studies of the UCE based on data from a small

open economy. The implied semi-elasticity with respect to the METR is about −0.3 when

evaluated at the sample weighted-average METR for M&E of 27 percent. If this elasticity is

applicable to all forms of physical capital, then the result suggests that the reduction in the

aggregate METR for Canada from 27.3 percent in 2009 to 19.0 percent in 2014 (Chen and

Mintz, 2015) may have increased the national capital stock in Canada by 2.6 percent over

the long run, holding all other influences on investment constant. Finally, it is important to

observe that efficient allocations of real capital depend not only on the level of the METR,

but also on the degree of dispersion of METRs across industries, provinces, and types of

capital.
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Figure 1: Average METR by Industry, 1997 - 2013
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Figure 2: Average METR by largest Canadian Provinces, 1997 - 2013
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Table 1: Data Description and Sources

Variable(Name( Unit( Source(

Marginal(Effec-f(Tax(Rates((METR) %
School(of(Public(Policy(at(

Univeristy(of(Calgary(

Real(Capital(Stock( 2007(CAD CANSIM(TABLE(310002

Capital(Input(Prices( index((2002=100) CANSIM(TABLE(3840039

U-li-es(=(Water,(fuel(and(elctricity( index((2002=100) CANSIM(TABLE(3260021

Transporta-on(=(InterVcity(Transporta-on( index((2002=100) CANSIM(TABLE(3260021

Construc-on(=(Shelter index((2002=100) CANSIM(TABLE(3260021

Retail(=(Goods(&(Service index((2002=100) CANSIM(TABLE(3260021

Communica-on( index((2002=100) CANSIM(TABLE(3260021

Manufacturing( index((2002=100) CANSIM(TABLE(3290056

Wholesale index((2002=100) CANSIM(TABLE(810009(

Real(GDP( Chained(2007(Dollars CANSIM(TABLE(3790030

Real(Return(on(LongVTerm(Canadian(Bonds Percent CANSIM(TABLE(1760043
1
METR:(Marginal(Effec-ve(Tax(Rate(adjusted(by(deprecia-on.(

2
Wholesale(data(is(available(for(the(period(2002V2009(and(the(rest(of(the(years(were(extrapolated(from(using(growth(of(CPI(in(the(relevant(years.(

Tax$and$Capital$variables$

Input$Prices

Output$Price$(Components$of$CPI)

Other$Variables$
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Table 2: Summary Statistics
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Table 3: Panel Unit Root Tests

Test Ho Capital Stock UCC GDP
M&E NRC M&E NRC

1 Harris-Tzavalis Panels contain unit roots 1.00 1.00 1.00 1.00 1.00
2 Im-Pesaran-Shin All panels contain unit roots 0.46 0.87 0.13 0.02 0.00
3 Hadri LM test All panels are stationary 0.00 0.00 0.00 0.00 0.00

The table shows p-values. In all the tests, the mean of variables are substracted and a time trend
considered. All the variables are in logs.

Table 4: Panel Cointegration Tests

Log of GDP, Capital Stocks and UCC

M&E NRC
Statistic value z-value p-value value z-value p-value
Groups

Gτ -1.79 -3.10 0.01 -0.87 3.89 0.50
Gα -1.78 5.91 0.12 -1.31 6.61 0.34

Panels
Pτ -7.37 0.09 0.00 -7.79 -0.22 0.06
Pα -1.09 2.30 0.11 -1.13 2.23 0.14

In all of the tests, the null hypothesis is “no cointegration exists.”
Robust (bootstrapped ten thousands times) p-values are reported. One
lead and one lag is included in all of the tests. Most basic results are
reported in here and results for M&E (NRC) are robust to adding a
constant term and a time trend.
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Table 5: Results from Error Correction Model, Estimated by System GMM (Arellano-Bond),
for Machinary and Equipment Capital Stock

1 2 3 4 5 6

Δlog(Capital1Stock1for1Meq)t ;0.332 ;2.419 0.404 ;0.453 ;2.701 0.171

[0.711] [2.071] [1.225] [0.759] [2.306] [1.240]

Log$of$UCCt )1.078* )1.312*** )1.206*** )1.379** )1.386*** )1.418***

[0.592] [0.345] [0.416] [0.675] [0.326] [0.433]

Log$of$GDPt 0.589* 0.621*** 0.568** 0.435 0.607*** 0.634**

[0.300] [0.189] [0.245] [0.403] [0.197] [0.289]

Δlog(UCC1for1MEqt) 0.245 0.037 0.109 1.029* 0.884** 1.184**
[0.680] [0.749] [0.973] [0.530] [0.415] [0.520]

Δlog(UCC1for1MEqt-1) ;0.472 ;0.946 ;1.382 0.352 0.346 0.740
[0.653] [0.988] [1.364] [0.303] [0.541] [0.708]

Δlog(UCC1for1MEqt-2) ;0.957 ;1.763 0.030 0.328
[0.806] [1.414] [0.441] [0.714]

Δlog(UCC1for1MEqt-3) ;1.442 0.168
[1.135] [0.443]

Δlog(GDPt) ;0.526 ;3.076 ;0.391 ;0.744 ;3.345 ;2.124
[1.513] [2.360] [1.985] [1.716] [2.732] [2.301]

Δlog(GDPt-1) ;0.193 ;4.713 ;1.474 ;0.166 ;5.924* ;2.142
[0.219] [2.982] [2.394] [0.284] [3.454] [2.459]

Δlog(GDPt-2) ;0.410 1.401 ;0.291 0.726
[0.360] [1.879] [0.469] [2.039]

Δlog(GDPt-3) ;0.584 ;0.389
[0.409] [0.385]

ObservaMons 960 896 832 960 896 832
Number1of1new_id 64 64 64 64 64 64
Num.1of1Instruments 40 39 38 40 39 38
AR(1)1P;Value 0.787 0.357 0.324 0.905 0.246 0.732
AR(2)1P;Value 0.844 0.170 0.339 0.797 0.126 0.461
Hansen1Test1P;Value 0.819 0.728 0.414 0.942 0.811 0.568

Baseline1Results1 Robustness1Check
Variables

∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1. Clustered (by Province X Industry) standard errors in
brackets. The dependent variable is the logarithm of the capital stock. Province x industry
dummies and year fixed effects are included in all specifications. Capital stock and GDP
variables are treated as endogenous and instrumented with the first available seven lags
following the last lag included in the model. For instance, column (1) that employs the first
lag of variables, GDP variables are instrumented with lags 2-7. “Baseline Results” display
the estimates for UCC computed using the main price index for machinery and equipment
in Canada, while the “Robustness Check” does the same but now with a price index of
imported machinery and equipment.

Table 6: Semi-Elasticities of the M&E Capital Stock w.r.t. METR

UCE = −1.312 Average METR (27.42%) Recent METR (10.95%)

Semi-elasticity (MSE) -0.324 -0.223
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6 Appendix

6.1 Distributed Lag Model in First Differences (DLM)

The general distributed lag model in first differences is written as

∆ki,j,t = ρ∆ki,j,t−1 +

Hy∑
h=0

βh∆yi,j,t−h −
Hc∑
h=0

θh∆ci,j,t−h + ξi,j,t (14)

where ∆xi,j,t−h ≡ lnXi,j,t−h − lnXi,j,t−h−1 expresses the variables in terms of growth rates

and ξi,j,t is an error term. The estimating equation in Chirinko et al. (1999) is obtained by

restricting the autoregressive parameter, ρ, to be zero in (14).27 In that case, the permanent

change in the capital stock (in percentage), resulting from a one-time increase in the user

cost (in percentage), say, ∆ct, is equal to the sum of the θh coefficients,

UCE = −
Hc∑
h=0

θh (15)

6.1.1 DLM Results for M&E

Table A1 shows the DLM results for M&E. Columns 1 to 3 correspond to different numbers

of lags of the explanatory variables. The UCE is given by the sum of the coefficients on the

changes in the user cost of capital (in logs). The UCE estimates are between −0.080 and

−0.424. The first lag of the differenced UCC variable is significant in column 2 and the sum

of the UCC coefficients are significant at 10% in column 2. The UCE are not statistically

significant in columns 1 and 3. The elasticity with respect to GDP in column 2 is 0.380, but

it is zero or even negative in the other columns. Taking the results in column 2 as the best

fit, the DLM estimates indicate a UCC elasticity for M&E of approximately −0.4. Columns

4 to 6 are included as a robustness check. In these columns, the price of imported M&E is

used to construct the UCC variable to mitigate any concerns about the endogeneity of the

price of capital. Using this alternative price data does not alter the general findings from the

regressions of columns 1 to 3, although it is noteworthy that all the coefficients of the UCC

27Chirinko et al. (1999) estimate the equation (14) with ρ = 0 (after a further substitution that approx-
imates the left-hand side of the equation with an investment-to-capital ratio). They show that ρ = 0 is
implied by an assumption that capital adjusts according to the weighted geometric mean of relative changes
in the desired capital stock; i.e.,

Kt = Kt−1

H∏
h=0

(
K∗t−h/K

∗
t−h−1

)µh .
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terms are statistically significant in column 5 and the p-value for the sum of the coefficients

is 1.1%; the UCE in this case is −0.343. Note that the Hansen and AR(2) tests confirm

the validity of the instruments and the non-existence of autocorrelation of order 2 in all

specifications. These are the necessary conditions for the Arellano-Bond GMM estimator.

The results in Table A1 corroborate the finding of Dwenger (2013), that the magnitude

of the UCE from the DLM is considerably smaller than from the ECM.

6.1.2 Estimates for NRC

The results of the ECM and DLM estimations for NRC are provided in columns 1-3 and 4-6

of Table A2, respectively.
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Table A1: Results from Distributed Lag Model, Estimated by System GMM (Arellano-
Bond), for Machinery and Equipment Capital Stock

1 2 3 4 5 6
Δlog(UCC.for.MEqt) 50.0209 50.0771 50.0355 50.0443 50.0884*** 50.0734**

[0.0654] [0.0574] [0.0832] [0.0335] [0.0303] [0.0359]
Δlog(UCC.for.MEqt-1) 50.0770 50.224* 50.135 50.0476 50.149** 50.0953

[0.0864] [0.121] [0.126] [0.0304] [0.0614] [0.0598]
Δlog(UCC.for.MEqt-2) 50.122 50.0138 50.106* 50.0582

[0.117] [0.129] [0.0626] [0.0677]
Δlog(UCC.for.MEqt-3) 0.104 50.0189

[0.108] [0.0425]
Sum$of$coeff. +0.0980 +0.424 +0.0799 +0.0919 +0.343 +0.246
F$test 0.469 2.942 0.0540 2.592 6.731 2.084
Prob$>F 0.496 0.0912 0.817 0.112 0.0118 0.154
Δlog(GDPt) 50.286 0.745 50.278 50.317 0.709 50.255

[0.586] [0.662] [0.888] [0.585] [0.628] [0.956]
Δlog(GDPt-1) 0.0848 50.484 0.677 0.0917 50.506 0.659

[0.0911] [0.529] [0.462] [0.0928] [0.509] [0.474]
Δlog(GDPt-2) 0.119 50.652 0.118 50.569

[0.0988] [0.418] [0.0958] [0.405]
Δlog(GDPt-3) 0.231* 0.207

[0.127] [0.130]
Sum$of$coeff. +0.201 0.380 +0.022 +0.225 0.321 +0.246
F$test 0.140 0.291 0.001 0.180 0.210 2.080
Prob$>F 0.709 0.591 0.979 0.674 0.647 0.647
ObservaGons 960 896 832 960 896 832
Number.of.new_id 64 64 64 64 64 64
Num..of.Instruments 26 27 28 26 27 28
AR(1).P5Value 0.00924 0.0280 0.0218 0.00979 0.0186 0.0239
AR(2).P5Value 0.0364 0.578 0.348 0.0513 0.537 0.412
Hansen.Test.P5Value 0.104 0.523 0.149 0.106 0.688 0.119

Variables.
Baseline.Results. Robustness.Check

∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1. Clustered (by Province X Industry) standard errors
in brackets. The dependent variable is the change in the logarithm of the capital stock.
Province x industry dummies and year fixed effects are included in all specifications. GDP
variables are treated as endogenous and instrumented with the first available seven lags
following the last lag included in the model. For instance, column (1) that employs the first
lag of variables, GDP variables are instrumented with lags 2-7. “Baseline Results” display
the estimates for UCC computed with the main price index for machinery and equipment
in Canada, while the “Robustness Check” does the same but now with a price index of
imported machinery and equipment.
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Table A2: Results from Error Correction and Distributed Lag Models, Estimated by System
GMM (Arellano-Bond), for Non-Residential Construction Capital Stock

1 2 3 4 5 6

Δlog(Capital1Stock1for1NRC)t 0.408 0.571 0.336

[2.261] [3.216] [6.008]

Log$of$UCCt 1.555 1.272 0.084

[2.108] [1.903] [2.702]

Log1of1GDPt 0.659* 0.469* 0.913***

[0.374] [0.260] [0.241]

Δlog(UCC1for1NRCt) G1.725 G1.733 G0.857 G0.0202 G0.00312 G0.0126
[1.648] [1.780] [2.712] [0.0258] [0.0495] [0.0383]

Δlog(UCC1for1NRCt-1) G1.387 G1.795 G1.387 G0.0382* G0.0232 G0.0149
[0.986] [1.885] [2.623] [0.0227] [0.0582] [0.0493]

Δlog(UCC1for1NRCt-2) G1.240 G1.426 G0.00786 G0.0362
[1.355] [2.386] [0.0567] [0.0519]

Δlog(UCC1for1NRCt-3) G1.188 G0.0117
[1.106] [0.0447]

Sum$of$coeff. ;0.0584 ;0.0342 ;0.0755
F$test 1.634 0.0507 0.300
Prob$>F 0.206 0.823 0.586

Δlog(GDPt) G4.427 G4.550 G7.198 0.0538 G0.218 0.271
[7.434] [5.739] [9.668] [0.281] [0.502] [0.344]

Δlog(GDPt-1) G0.642 G4.961 G6.753* G0.0110 G0.120 0.0948
[0.783] [5.101] [3.636] [0.0260] [0.253] [0.296]

Δlog(GDPt-2) G0.390 G4.040 G0.0107 0.422*
[0.631] [4.656] [0.0613] [0.246]

Δlog(GDPt-3) G1.093 0.0131
[0.711] [0.0506]

Sum$of$coeff. 0.0428 ;0.349 0.801
F$test 0.0255 0.264 1.747
Prob$>F 0.874 0.609 0.191
ObservaMons 615 574 533 960 896 832
Number1of1new_id 41 41 41 64 64 64
Num.1of1Instruments 40 39 38 26 27 28
AR(1)1PGValue 0.454 0.502 0.329 0.00678 0.144 0.0786
AR(2)1PGValue 0.738 0.246 0.953 0.813 0.951 0.389
Hansen1Test1PGValue 0.980 0.174 0.119 0.190 0.0579 0.0568

Variables1
Error1CorrecMon1Model Distributed1Lag1Model

∗∗∗p < 0.01, ∗∗p < 0.05, ∗p < 0.1. Clustered (by Province X Industry) standard errors in
brackets. The dependent variable is the logarithm of the capital stock. Province x industry
dummies and year fixed effects are included in all specifications. Capital stock and GDP
variables are treated as endogenous and instrumented with the first available seven lags
following the last lag included in the model. For instance, column (4) that employs the first
lag of variables, GDP variables are instrumented with lags 2-7.
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