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Taxa�on, user cost of capital and investment behaviour of New Zealand firms 

Gulnara Nolan1 and Mat Nolan2 

Abstract 

This paper inves�gates the rela�onship between the user cost of capital (UCC) and the 
investment behaviour of New Zealand firms both in the short and long run. The key 
goal is to understand how policy changes that influence this cost of capital translate 
into changes in produc�ve investment in New Zealand. 

Previous analysis on the UCC investment rela�onship in New Zealand focused on short-
term impacts on overall investment, and implied there was a limited investment 
response among capital heavy manufacturing firms. This was at odds with results from 
other countries (e.g. Belgium, France, Germany, UK).  Our paper extends the New 
Zealand analysis in two ways: it re-es�mates the prior results based on addi�onal data 
and improved specifica�on tests, and it also es�mates an error-correc�on model that 
more consistently es�mates the long-term impact of UCC changes on the capital stock.  

Our short-run findings are rela�vely consistent with prior New Zealand research.  
However, the long-run response of investment with respect to UCC changes (an 
elas�city of -1.4) is much larger than that implied in the prior research and previous 
es�mates from macrodata.  Furthermore, manufacturing firms also appeared to change 
their capital stock sizably from these es�mates.  The large response from our error 
correc�on es�mates imply that the non-linearity of the dynamics of any investment 
response (e.g. due to lumpiness) needs to be accounted for when considering the long-
run consequences of any policy changes that affect the user cost of capital. 
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1 Introduc�on 

The aim of this paper is to es�mate the rela�onship between the changes in the user-
cost of capital (UCC) associated with changes in taxa�on, and the investment choices of 
firms.  

The user cost of capital refers to the implied rental cost of u�lising capital for 
produc�ve purposes. As a result, the UCC may increase for a number of reasons: an 
increase in interest rates, higher prices for capital equipment, or a li� in the rate of 
taxa�on.  This rental cost gives the hurdle rate of return for a business considering 
whether they want to u�lise one more unit of capital equipment – as a result, we 
would expect the UCC and investment decisions to be linked. These measures and their 
interpreta�on are described in detail in Creedy and Gemmell (2017). 

U�lising the neoclassical investment model, we describe firm investment behaviour 
con�ngent on sales of the firm and their user cost of capital.  Investment dynamics are 
the result of adjustment costs for the firms changing their capital stock towards a 
desired level, implying that the nature and form of such costs are essen�al for 
understanding the investment behaviour of New Zealand businesses. 

This study contributes to the literature in several ways. Firstly, it revisits prior New 
Zealand based es�mates of the impact of the UCC on short-run investment (Fabling et 
al 2015), incorpora�ng new data and adjus�ng the specifica�on of the model based on 
addi�onal tests.  Secondly, we report es�mates of the long-run elas�city of the capital 
stock to changes in the user cost of capital in New Zealand using firm-level data.  The 
reported long-run elas�city has significant policy relevance in terms of capital depth in 
New Zealand, and allows a comparison with similar evidence from overseas and the 
macro evidence for such a response in New Zealand (Labuschagne and Vowles 2010). 

Understanding how the user cost of capital influences investment is also part of a 
broader analysis of what drives New Zealand’s produc�vity performance.  As well as 
directly increasing the number of tools (the capital stock) that are available to produce 
output, investment and technology are intrinsically related to each other. Incen�ves to 
change investment paterns do not just come through increases in capital depth, but 
also influence mul�factor produc�vity by embedding new forms of produc�on that are 
closer to the produc�ve margin.  This is not something this paper considers explicitly, 
but good examples of this broader rela�onship can be found in the results of Djankov et 
al (1996) and Gemmell et al (2018) 

This research uses changes in tax se�ng (e.g. tax rates, deprecia�on allowances) as the 
varia�on in the forward looking UCC of firms, and then es�mates how this changes the 
firm’s investment behaviour.  There are mul�ple ways of figuring out the response of a 
policy change on taxa�on using microdata such as natural experiment (e.g. difference-
in-difference and regression discon�nuity es�mates based on a policy change as in 
Zwick and Mahon (2017)) or regression based approaches. We will u�lise the later type 
of model. 

Regression based approaches calculate explicit UCC values, and use these values as an 
explanatory variable in an investment regression.  Typically the es�mated rela�onship 
between the UCC and investment outcomes is based on the neoclassical investment 
model. In this research we es�mate this rela�onship with a reduced form/implicit 
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dynamics model (error-correc�on model) and a structural form/explicit dynamics 
model (Euler equa�on).   

The key dis�nc�ons between the explicit and implicit approaches relate to the form of 
adjustment costs and the assumed expecta�ons of the decision making firm.  

Adjustment costs for changing the capital stock are necessary to explain the dynamic 
path of investment that occurs when the firm faces a shock. The explicit approach 
involves es�ma�ng an investment choice given an assumed func�onal form for 
adjustment costs (normally quadra�c adjustment costs), while the implicit approach 
uses a reduced form model with less strict assump�ons about the form of adjustment 
costs for firms.  However, the trade-off from using less strict assump�ons about 
adjustment costs is the related treatment of expecta�ons variables - a structural model 
includes ra�onal expecta�ons about the forward looking investment choice, while a 
reduced form model does not capture this.   

The structure of this paper is organised as follows. Sec�on 2 provides a literature 
review on interna�onal and New Zealand evidence. Sec�on 3 describes the models and 
their specifica�ons. Sec�on 4 presents data used in the empirical analysis. Sec�on 5 
discusses the empirical results and Sec�on 6 concludes. 
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2 Literature review 

Conceptually, the UCC measures used in this paper and their interpreta�on are 
described in detail in Creedy and Gemmell (2017). The forward-looking UCC measures 
in this paper apply the same method to the same underlying data sources as in Fabling 
et al (2013) and more informa�on about their construc�on can be found in that paper. 

Given these UCC measures there is a ques�on about how to use that data to model the 
investment response. Chirinko (1993) outlines the broad modelling strategies for 
business fixed investment that would drive the literature forward with microdata. He 
specifically indicates the dis�nc�on between models with implicit and explicit dynamics 
on the basis of how adjustment costs are modelled.  We make use of this dis�nc�on in 
this paper.  

Caballero et al (1995) outlined the neoclassical benchmark UCC elas�city used in 
understanding aggregate investment responses was -1, and how informa�on on firm 
level investment decisions map to aggregate investment dynamics.  They found that 
long-run elas�ci�es of investment with respect to cost of capital varied significantly 
from this benchmark for individual sectors (from -0.01 for transporta�on to -2.0 for 
tex�les), but averaged out to -1.0 over the en�re economy, consistent with the 
neoclassical benchmark. As a result, much of the literature since has been asking how 
aggregate investment responses compare to this benchmark. 

Given the importance of expecta�ons in investment decisions, it is natural to start with 
a structural/explicit dynamics approach to this ques�on. The clearest example of an 
explicit dynamics model is the Euler equa�on model of Bond et al (2003). In this paper, 
the author's aim was to test whether cash-flow constraints influence firm investment 
by evalua�ng whether cash flow remained significant in a structural model of 
investment choice.  

There is one New Zealand study in this space that has used this approach Fabling et al 
(2015). The study inves�gates how tax induced UCC changes affect investment 
behaviour of New Zealand firms using the Euler equa�on model. They find a nega�ve 
rela�onship between the UCC and investment among firms in low capital intensity 
industries.  This paper is a touchstone for our own explicit dynamic analysis in this 
paper. 

However, these models have various problems in terms of sta�s�cal and economic 
assump�ons. The dual assump�ons of ra�onal profit maximising choice and quadra�c 
adjustment costs place significant restric�ons on the model, and o�en lead to 
implausible behaviour. Very o�en, what we get in prac�ce is inconsistent with the 
theore�cal model on which the Euler equa�on is derived. 

Moreover, the model requires valid instruments to iden�fy the equa�on which makes 
the task not easy due to the difficulty of finding appropriate instruments. It is also 
argued that technology shocks will invalidate most candidate instrumental variables, 
which adds extra challenges for the es�ma�on (Garber and King 1983). In order to 
address these issues, it is necessary to generate a beter understanding of the 
adjustment costs associated with the investment choice. 

Empirical evidence has long shown that a significant propor�on of business investment 
may be lumpy (e.g. Doms and Dunne 1998) but the reason for this lumpiness maters 
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for understanding the short-run dynamics of investment flows – whether it is business 
cycle varia�ons, strategic corporate decisions, informa�on problems, or credit fric�ons. 

Given the difficulty of construc�ng appropriate controls to account for all of this, there 
is a ques�on about how we can use the observed structure of investment in the data to 
construct es�mates of adjustment costs.  In this way, there is a growing literature 
focused on mixing simula�on with es�ma�on and incorpora�ng uncertainty shocks to 
es�mate investment responses (e.g. Bloom 2009). Extending this form of the model to 
include tax changes would be valuable for our understanding of the rela�onship 
between the UCC and investment choices.  However, the largest innova�on would be to 
use the less restric�ve form of fixed costs suggested in this paper to re-es�mate the 
structural form model. This can be done by spli�ng fixed costs into a component based 
on irreversibility, fixed costs of changing the capital stock, and the quadra�c component 
– es�mated using method of simulated moments.  

Outside of the structural microdata approach discussed above there are two other 
ways to calculate investment responses to changes in the UCC - macro-modelling with 
aggregated data and reduced form modelling with microdata.  

In the New Zealand context, es�mates obtained from the New Zealand Treasury Model 
(NZTM) found an elas�city of -0.8 between the change in the cost of capital and the 
capital stock (Labuschagne and Vowles (2010), Szeto and Ryan (2009)). These es�mates 
are based on the aggregate New Zealand data, which we use as a benchmark to 
compare our long-run elas�city derived from the micro-level data.  

Reduced form es�mates are the main way that the interna�onal literature has 
considered the ques�on of investment and capital stock responses to the UCC.  
Although such models suffer from the Lucas Cri�que when analysing policy change (e.g. 
tax policy) as they are not es�ma�ng the primi�ves of the model, they have the 
advantage of not imposing a strict form of adjustment costs on the decision to change 
the capital stock. 

As a result, an Euler equa�on model allows for ra�onal expecta�ons but assumes a very 
specific form for the adjustment cost of changing the capital stock (quadra�c, 
symmetric).  A reduced form model does not u�lise forward looking behaviour but by 
using implicit dynamics it imposes fewer structural assump�ons on adjustment costs.  

Chirinko et al (1999) is a touchstone for considering the investment response to 
exogenous changes in the UCC. They applied a distributed lag model (DL) to es�mate 
the response of investment to a change in the UCC.  The overall result suggests that a 
higher UCC reduces investment, but by less than is commonly assumed.  Their 
es�mates suggest a capital stock elas�city of -0.25 with respect to changes in the UCC, 
compared to a value of -1 assumed in the benchmark neoclassical growth model. 

In Bond et al (2003) (the same paper that derived the Euler equa�on approach above), 
an error correc�on model (ECM) specifica�on is applied for the ques�on of how 
financial constraints/cash flow influence investment.  As with the Euler approach this is 
es�mated by GMM methods with instrumental variable (IV) controls. The industry 
classifica�on is limited to manufacturing to allow for clearer cross-country 
comparisons. An ECM assumes that firms demand some op�mal amount of capital in 
the long-run based on their sales and UCC, and empirically es�mates the short-run 
dynamics/transi�on rather than imposing a structural form. This compares to the 
earlier Euler equa�on model, which assumes investment is made in a forward looking 
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manner and that there are quadra�c and symmetric adjustment costs associated with 
changing the stock of capital.  

For the long-run capital stock, Dwenger (2014) compares DL es�mates to ECM 
es�mates, showing that es�mates of the elas�city of capital to changes in user costs 
are larger using an ECM. In her paper, the es�mated ECM elas�city number (-1.3) is 
twice as large as the DL model elas�city (-0.65).  This indicates that dealing with 
cointegra�on between sales, capital, and UCC appears to be important for ge�ng 
sensible es�mates of the long-run response of the capital stock from changes in the 
UCC.  

Bond and Xing (2015) es�mated the long-run effect of changes in the capital-output 
ra�o from changes in the UCC, using cross-country evidence and a theore�cal 
framework that allows for op�mising behaviour.  Furthermore, they show how this 
framework can be used to separate out the tax and non-tax components of UCC, and to 
separately es�mate the response of investment in differing asset types (specifically 
building and equipment assets).  Given a full descrip�on of the business tax system, 
including fiscal deprecia�on allowances, tax credits, and corporate tax rates, this allows 
the simula�on of broad asset classes. This paper es�mates sta�c, DL, and ECM models 
of investment. 

A different method for iden�fying the response of investment to UCC changes is used in 
Zwick and Mahon (2017).  This paper focuses on es�ma�ng the short run investment 
response to a specific policy change. Although this doesn’t allow simula�on of 
alterna�ve policies like the regression based methods above, the quasi-experimental 
evidence in this paper provides a stronger evidence base for the evalua�on of the 
investment consequences of a given policy change. This paper reports significantly 
larger tax elas�ci�es for investment in the short run than the regression based models, 
and captures significant varia�on in the firm responses based on a lot of other 
considera�ons such as the form of the tax instrument used, size, loss carry forwards 
and etc. Furthermore, unlike previous papers the es�mated responses give significant 
evidence for financial fric�ons.  

The Zwick and Mahon (2017) paper illustrates the importance of quasi-experimental 
evidence to complement – or ques�on – the results from the standard regression based 
approaches. As a result, we would encourage future research to look for quasi-
experimental opportuni�es to look at this ques�on in New Zealand as a complement to 
the work undertaken in this paper. 
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3 Investment model and specifica�on 

In order to accurately es�mate how changes in the user cost of capital influence 
investment, and ul�mately the capital stock, we need to describe the transi�on path of 
the capital stock following a shock to the user cost.  The reason why the capital stock 
does not instantaneously shi� to a new equilibrium is related to adjustment costs 
related to changing the capital stock.  As a result, different methods of es�ma�ng an 
investment/capital stock response are based on varying assump�ons about the form 
such adjustment costs take. 

3.1 Neoclassical investment model 
As defined in Chirinko (1993), the desired capital stock at a point in �me (Kt

∗) can be 
defined assuming a constant elas�city of subs�tu�on between capital and variable 
inputs as: 

(1) Kt
∗ =  αYtCt−σ   

where σ is the elas�city of subs�tu�on between capital and labour, 𝛼𝛼 is a technology 
parameter, and 𝐶𝐶𝑡𝑡  is the UCC.   

The UCC can be thought of as the rental price of u�lising a capital asset for one period. 
The deriva�on of the UCC is given in Appendix A. 

Total gross investment is then split into net and replacement investment. Replacement 
investment is the investment necessary to prevent the capital stock from declining due 
to deprecia�on (δ𝐾𝐾𝑡𝑡), while net investment is the addi�on to the capital stock going 
through �me. As a result, the transi�on towards the new capital stock depends on a 
path for net investment. 

In that way, the UCC determines the desired capital stock for the firm, while the process 
of undertaking net investment determines the path they take to reach that desired 
capital stock.   

If this adjustment was costless then net investment would solely refer to instantaneous 
adjustment to the desired capital stock.  However, if there were adjustment costs 
associated with shi�ing towards a new desired capital level it may be preferable to shi� 
the necessary net investment through �me.  This �ming issue associated with 
adjustment costs indicates that there is a process of investment dynamics that will 
occur given a change to the UCC. 

Regression based models tackle this issue in two ways: explicit dynamics models, and 
implicit dynamics models.  Implicit dynamics models take the �me series proper�es of 
the data and use this to nest a long-run specifica�on of the investment dynamics. 
Explicit dynamics models provide a structural form for adjustment costs and assume 
some form of forward looking decision rule.  The es�ma�on procedure then involves 
es�ma�ng the parameters of this model.   

Both approaches have limita�ons. The implicit approach is subject to the Lucas Cri�que 
(Lucas 1976), which implies that the parameter es�mates may not be policy invariant.  
The explicit approach tends to rely on strong assump�ons about the form of decision 
rule used and adjustment costs faced by the firm.  
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As in Bond et al (2003), we view it as appropriate to es�mate both forms of models in 
order to check sensi�vity of our empirical results. 

The implicit dynamics model selected in this paper is an Error Correc�on model of the 
form es�mated by Dwenger (2014).  The explicit dynamics model used is an Euler 
equa�on model with quadra�c adjustment costs, mirroring previous research in New 
Zealand by Fabling et al (2015). 

Both approaches rely on the forward looking UCC as defined in Fabling et al (2013).  
This helps to deal with the endogeneity between the UCC and investment based on the 
composi�on of investment, and as a result it is only varia�on in the expected future 
UCC (based on changes in policy se�ngs) that is viewed as relevant for the investment 
response.  Furthermore, this implies a specific assump�on about the expecta�ons of 
businesses – namely that they expect current tax se�ngs to remain unchanged over 
the life of an asset when they make the investment choice.3 

A table of the tax policy changes that influenced this forward looking UCC can be found 
in Table 6. 

3.2 Explicit dynamic approach. Euler equa�on model 
We use the Euler equa�on model originally derived by Bond and Meghir (1994) and 
augmented by Fabling et al (2015), which is es�mated from dynamic op�miza�on 
under assump�ons of symmetric, quadra�c adjustment costs and price taking in input 
and output markets.  

An explicit model assumes that the firm follows a decision rule that aims to maximise 
the expected value of the firm at �me 𝑡𝑡(𝑉𝑉𝑡𝑡).  Given the assump�ons above this can be 
writen as the following Bellman equa�on: 

(2) 𝑉𝑉𝑡𝑡 = max
𝐿𝐿𝑡𝑡,𝐾𝐾𝑡𝑡

�𝐹𝐹(𝐿𝐿𝑡𝑡 ,𝐾𝐾𝑡𝑡; 𝜏𝜏𝑡𝑡)− 𝐺𝐺(𝐼𝐼𝑡𝑡,𝐾𝐾𝑡𝑡; 𝜏𝜏𝑡𝑡) − 𝑝𝑝𝑡𝑡𝐼𝐼 − 𝑤𝑤𝑡𝑡𝐿𝐿𝑡𝑡 + 1
1+𝑟𝑟

𝐸𝐸𝑡𝑡𝑉𝑉𝑡𝑡+1� 

Where 𝐿𝐿𝑡𝑡 and 𝐾𝐾𝑡𝑡 are the labour and capital inputs respec�vely, r is the discount rate, 
𝜹𝜹is the deprecia�on rate, 𝐹𝐹  is the produc�on func�on, 𝐺𝐺 is the adjustment cost 
func�on, and 𝑤𝑤𝑡𝑡 and 𝑝𝑝𝑡𝑡𝐼𝐼 are the use cost of the labour  and capital inputs respec�vely. 

Using subscripts to define the par�al deriva�ve, the op�mal investment choice 
sa�sfies: 

(3) 𝐺𝐺𝐼𝐼(𝐼𝐼𝑡𝑡,𝐾𝐾𝑡𝑡; 𝜏𝜏𝑡𝑡) + 𝑝𝑝𝑡𝑡𝐼𝐼 = 𝐹𝐹𝐾𝐾(𝐿𝐿𝑡𝑡,𝐾𝐾𝑡𝑡; 𝜏𝜏𝑡𝑡) − 𝐺𝐺𝐾𝐾�𝐿𝐿𝑡𝑡,𝐾𝐾𝑡𝑡; 𝜏𝜏𝑡𝑡� + 1−𝛿𝛿
1−𝑟𝑟

𝐸𝐸𝑡𝑡
𝜕𝜕𝑉𝑉𝑡𝑡+1
𝜕𝜕𝐾𝐾𝑡𝑡+1

= 𝜕𝜕𝑉𝑉𝑡𝑡
𝜕𝜕𝐾𝐾𝑡𝑡

 

where 𝜕𝜕𝑉𝑉𝑡𝑡
𝜕𝜕𝐾𝐾𝑡𝑡

 is the shadow value of capital. Assuming symmetric, quadra�c adjustment 

costs with a scale variable 𝛼𝛼 the investment rate can be defined as: 

(4) 𝐼𝐼𝑡𝑡
𝐾𝐾𝑡𝑡

= 1
𝛼𝛼

(𝜕𝜕𝑉𝑉𝑡𝑡
𝜕𝜕𝐾𝐾𝑡𝑡

− 𝑝𝑝𝑡𝑡𝐼𝐼) +  𝜏𝜏𝑡𝑡 

                                                           
3 We use Devereux and Griffith’s (2003) defini�on of the forward looking UCC, which is based on 
investment that is a single period perturba�on in the capital stock – or essen�ally that the asset 
is sold at the end of a period.  Klemm (2012) shows how effec�ve average tax rates may be 
different if the asset is not sold, however Klemm’s method gives the same EMTR and therefore 
UCC figures for changes in the statutory corporate tax rate and permanent changes in 
deprecia�on rates – which match the policy changes in New Zealand during this period. 
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Given this, the goal is to find a method to es�mate𝜕𝜕𝑉𝑉𝑡𝑡
𝜕𝜕𝐾𝐾𝑡𝑡

.  In the Euler equa�on approach 

we make use of ra�onal expecta�ons, implying that for a random variable 𝑋𝑋𝑡𝑡we can say 
that its future value 𝑋𝑋𝑡𝑡+1 = 𝐸𝐸𝑡𝑡+1𝑋𝑋𝑡𝑡+1 + 𝜖𝜖𝑡𝑡+1 where 𝜖𝜖𝑡𝑡+1  is the forecast error for the 
future value of that variable.  Given this, the investment func�on can be rewriten in 
the following way: 

(5)   𝐼𝐼𝑡𝑡
𝐾𝐾𝑡𝑡

= 𝐴𝐴 + 1−𝛿𝛿
1−𝑟𝑟

�𝐼𝐼𝑡𝑡+1
𝐾𝐾𝑡𝑡+1

� + 1
𝛼𝛼
𝐹𝐹𝐾𝐾(𝐿𝐿𝑡𝑡 ,𝐾𝐾𝑡𝑡; 𝜏𝜏𝑡𝑡) + 1

2
( 𝐼𝐼𝑡𝑡
𝐾𝐾𝑡𝑡

)2 + 1−𝛿𝛿
𝛼𝛼(1−𝑟𝑟)𝑝𝑝𝑡𝑡+1

𝐼𝐼 − 1
𝛼𝛼
𝑝𝑝𝑡𝑡𝐼𝐼 + 𝜖𝜖𝑡𝑡+1�  

Where 𝐴𝐴 is a constant term and 𝜖𝜖𝑡𝑡+1�  is the combined forecast errors for the forward 
looking variables (the investment rate and the purchase price of capital at t+1).  This 
model can then be lagged by one �me period and rewriten to be in terms of t and t-1 
for es�ma�on. 

As a result, the empirical specifica�on for the ith firm is as given in Bond et al 2003 and 
Fabling et al (2015) as: 

(6)   𝐼𝐼𝑖𝑖,𝑡𝑡
𝐾𝐾𝑖𝑖,𝑡𝑡

= 𝛽𝛽1 �
𝐼𝐼𝑖𝑖,𝑡𝑡−1
𝐾𝐾𝑖𝑖,𝑡𝑡−1

� − 𝛽𝛽2 �
𝐼𝐼𝑖𝑖,𝑡𝑡−1
𝐾𝐾𝑖𝑖,𝑡𝑡−1

�
2
− 𝛽𝛽3 �

𝛱𝛱𝑖𝑖,𝑡𝑡−1
𝐾𝐾𝑖𝑖,𝑡𝑡−1

� + 𝛽𝛽4 �
𝑌𝑌𝑖𝑖,𝑡𝑡−1
𝐾𝐾𝑖𝑖,𝑡𝑡−1

� − 𝛽𝛽5𝐶𝐶𝑖𝑖,𝑡𝑡 + 𝑑𝑑𝑡𝑡 + 𝜂𝜂𝑖𝑖 + 𝜐𝜐𝑖𝑖,𝑡𝑡 

where 𝛱𝛱𝑖𝑖,𝑡𝑡−1 is firm profit, 𝑌𝑌𝑖𝑖,𝑡𝑡−1 is firms sales, 𝐶𝐶𝑖𝑖,𝑡𝑡 is the firm specific user cost of 
capital, and 𝑑𝑑𝑡𝑡 and 𝜂𝜂𝑖𝑖are �me and firm specific fixed effects. 

To es�mate the parameters of the Euler equa�on, we use a GMM es�mator with 
instruments as mo�vated by Arellano and Bond (1991).  The reason for doing this is 
two-fold i) the forecast errors are correlated with the dependent variable ii) the fixed 
effects are correlated with the es�mated coefficient on the lagged dependent variable. 

In Fabling et al (2015) the instruments used are right hand-side variables dated from t-2 
to t-6. We use the same instruments in this paper, but recognise that it is possible that 
very long lags are less correlated with current changes in the dependent variable than 
the most recent levels, and that adding longer lags as instruments the es�mator 
becomes imprecise in the sense that valid but weak instruments are added.  To test 
that, we apply Bayesian Informa�on Criterion (BIC) and Akaike Informa�on Criterion 
(AIC) tests to iden�fy the op�mal lag length for our instruments. The tests suggest that 
the appropriate lag length for instruments is 3 lags in our data, rather than 6. 

There may have also been a change in investment behaviour over this period due to the 
Global Financial Crisis (GFC), due to changes in expecta�ons, uncertainty, or an 
adjustment in paterns of financial intermedia�on. 

To allow for that the model was es�mated using post-GFC control.4  However, there 
were no significant changes in the results and so these results are not reported here.  
This may be in part due to the fact the model was es�mated in first differences. 

3.3 Implicit dynamic approach. Error-correc�on models in 
dynamic heterogeneous panels 

As an alterna�ve to the Euler equa�on structural model, we also es�mate the 
investment dynamics using an error-correc�on specifica�on. This methodology will 

                                                           
4 A dummy variable from Q4 2008 to the end of the sample. 
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allow us to make use of the cointegra�on between capital and its user cost, and 
therefore define a long-run rela�onship between the UCC and the capital stock. 

The tradi�onal model for implicitly es�ma�ng investment dynamics is the DL 
(distributed lag) model of Chirinko (1993).  Here we use the idea that, if there was no 
adjustment cost associated with changing the capital stock, investment would refer to 
the op�mal response of the capital stock for mee�ng new sales/the demand for capital.  
However, there are adjustment costs both in terms of the �me it takes to deliver 
products and the capacity for the firm to undertake changes in their capital stock.  As a 
result, current observed investment is both related to demand for capital now and the 
demand for capital in prior periods.  In this way, sales in prior periods in part explain 
current investment in the face of adjustment costs. 

As a result, the reduced form equa�on for net investment is given as a distributed lag 
on new orders: 

(7) 𝐼𝐼𝑡𝑡𝑛𝑛 = ∑ 𝛽𝛽𝑗𝑗𝛥𝛥𝐾𝐾𝑡𝑡−𝑗𝑗∗𝐽𝐽
𝑗𝑗=0  

with J the number of lags that are relevant for explaining current net investment. Given 
a firm specific, �me invariant, rate of deprecia�on in the capital stock (𝛿𝛿𝑖𝑖) we can write 
the overall investment rate for a given firm as: 

(8) 𝐼𝐼𝑖𝑖,𝑡𝑡 = 𝛿𝛿𝑖𝑖𝐾𝐾𝑖𝑖,𝑡𝑡−1 + ∑ 𝛽𝛽𝑗𝑗𝛥𝛥𝐾𝐾𝑖𝑖,𝑡𝑡−𝑗𝑗∗𝐽𝐽
𝑗𝑗=0  

This model is generally es�mated in terms of rates rather than levels due to the right-
skewness of investment data, with firm specific fixed effects.  It can then be es�mated 
either in auto-regressive distributed lag (ARDL) form5 or more commonly in DL form.  
Furthermore, for both DL and ARDL models there are several reasons why there may be 
endogeneity between the UCC and the investment rate which require instruments: 

• Atenua�on bias:  Measurement error in the UCC tends to bias es�mates 
towards zero (Dwenger 2014). 

• Endogeneity of UCC: Firm-specific structures and a�er tax interest rates will be 
correlated with investment, making the UCC endogenous. 

• Simultaneity:  If an increase in demand for capital increases its price (or 
increases the interest rate) this can limit the short-run increase in investment. 

• Cash and credit constraints and shocks:  Investment shocks and other shocks 
(to sales, cash flow, or credit availability) might be correlated. 

In such models the long-run effect of a change in the UCC on investment is measured 
by i) for an ARDL model the geometric series implied by the coefficient on the lagged 
dependent variable ii) for the DL model the sum of the coefficients on the lagged UCC 
terms. 

Although a DL is model is commonly used to es�mate long-run effects, it may 
understate the responsiveness of investment due to non-convexi�es in the adjustment 
cost or �me path for investment.  If the adjustment cost is non-convex (eg lumpy) the 

                                                           
5 using GMM with IV instruments to correct for Nickell Bias (Nickell (1981)) generated by the 
combina�on of lagged dependent variables and fixed effect terms. 
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rela�onship between the investment path and the UCC could be impossible to 
represent with a DL model. 

As a result, it may be preferable to es�mate the long-term rela�onship between the 
UCC and the capital stock directly.  In order to do this we es�mate the long-run 
response of the capital stock to varia�on in the UCC using an error-correc�on 
specifica�on. 

For this we can rewrite equa�on (1) in log terms, where lower case leters refer to log 
values.  This gives: 

(9) 𝑘𝑘𝑡𝑡∗ = log(𝛼𝛼) + 𝑦𝑦𝑡𝑡 − 𝜎𝜎𝑐𝑐𝑡𝑡 

Following Dwenger (2014) we can reparametrize and rearrange to get the following: 

(10) 𝑘𝑘𝑖𝑖,𝑡𝑡 = 𝛼𝛼 + 𝜙𝜙𝑘𝑘𝑖𝑖,𝑡𝑡−1 − 𝛽𝛽0𝑐𝑐𝑖𝑖,𝑡𝑡 + 𝛽𝛽1𝑦𝑦𝑖𝑖,𝑡𝑡 − ∑ 𝛽𝛽2𝛥𝛥𝑐𝑐𝑖𝑖,𝑡𝑡−𝑗𝑗 +𝐽𝐽
𝑗𝑗=0 ∑ 𝛽𝛽3𝛥𝛥𝑦𝑦𝑖𝑖,𝑡𝑡−𝑗𝑗 +𝐽𝐽

𝑗𝑗=0
             ∑ 𝛽𝛽4𝜇𝜇𝑑𝑑𝑡𝑡 + 𝑓𝑓𝑖𝑖 + 𝜖𝜖𝑖𝑖,𝑡𝑡𝑇𝑇−1

𝑇𝑇=1  

The above equa�on can be adjusted to include addi�onal explanatory variables (e.g. 
cash flow constraints).  The long-run elas�city of interest cannot be read directly from 
equa�on (10), but is equal to 𝛽𝛽0

1−𝜙𝜙
. 

This is es�mated using the Blundell and Bond (1998) es�mator. This es�mator 
(commonly termed as a System GMM) is preferred as a replacement for the Arellano 
and Bond es�mator, where the lagged levels are o�en rather poor instruments for first 
differenced variables, especially if the variables are close to a random walk.  

Blundell and Bond's modified es�mator combines the difference equa�on of the 
Arellano and Bond es�mator with level variables. For this es�mator, the difference 
variables are used as instruments for es�ma�ng the level parameters while the level 
variables are used as instruments as before.6 

In prac�ce, the microdata literature uses a variety of methodologies to es�mate error-
correc�on models with dynamic panel data. In Pesaran and Smith (1995) and Pesaran 
et al (1999) the Mean-Group and the Pooled Mean-Group methods were given as 
methods to es�mate the model from dynamic heterogeneous panels. This is applied 
when looking at investment choices in Bond and Xing (2015). 

These two techniques allow for heterogeneity across groups in dynamic panels; 
however they also require a rela�vely long �me series. Our �me series data runs from 
2000 to 2017, which, with the lagged instruments required, is not long enough to 
exploit the Mean Group es�ma�on.  As a result, we only report values for the Blundell 
Bond es�mator below. 

Before star�ng the es�ma�on process, it is necessary to perform a cointegra�on test to 
establish that an error correc�on model is valid. If the variables are cointegrated, an 
error-correc�on model (ECM) is applied for the es�ma�on. Without a cointegra�ng 

                                                           
6 To es�mate the ECM in dynamic heterogeneous panel we use the one-step Blundell and Bond model 
with the “xtabond2” package in Stata. We specify our model with the equa�on level sub-op�on implying 
that year dummies are to be considered as instruments in the level equa�on, which is our main focus as 
the level equa�on captures the long-run elas�ci�es between the UCC and investment. 
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rela�onship between capital and the UCC an ECM would not be valid, and a DL model 
should be used instead.  

We apply the Westerlund panel cointegra�on test (Westerlund 2007) as used in 
Dwenger (2014). Running this test we could reject the null that there was no 
cointegra�on between capital, the user cost of capital and the cash flow variables.7 

                                                           
7 We also performed a Fischer test using xtunitroot in Stata.  For the en�re sample the null hypothesis of 
cointegra�on was rejected with this test, but when we replaced series with gaps it was accepted. 
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4 Data 
We use firm-level panel data for the tax years 1999/00 to 2017/2018 inclusive. As in 
Fabling et al (2015) we access data from Stats NZ’s Longitudinal Business Database 
(LBD). Data and measurement follows Fabling et al (2015), where informa�on on 
investment, output, profit, and fixed assets are sourced from the Annual Enterprise 
Survey (AES), data on Industry classifica�ons, drawn from the Longitudinal Business 
Frame (LBF) and employment informa�on from the Linked Employer-Employee Data 
(LEED). We supplemented our data by IR4 data to include foreign owned firms. 
There have been no changes in business tax se�ngs since the Fabling et al (2015) was 
released, as a result fiscal rates for the UCC calcula�on remain unchanged. 

We dis�nguish between six fixed asset classes when calcula�ng UCCs: land, buildings, 
furniture and fi�ngs, plant, machinery and equipment (PME), computer hardware and 
so�ware, and motor vehicles.  The UCC is then calculated on the basis of the rela�ve 
share of these assets held by the firm. This assumes marginal investment is made up of 
same composi�on as the prior average investment.  

Foreign owned firms were excluded from the sample in Fabling et al (2015) due to data 
limita�ons. Previously, the UCC for foreign firms could not be calculated because 
informa�on on debt and equity from IR10 data was not available �ll 2005.  For this 
paper, we have access to addi�onal data on firms' financial statements, and so we were 
able to incorporate this into our analysis of foreign owned firms.  

A foreign owned firm is defined as a firm that reports any FDI in a given year.  As FDI is 
reported only when a foreign owner holds over a given percentage of the business 
(typically 10%) this appears to be a reasonable proxy for foreign ownership (e.g. a small 
foreign purchase of shares is termed por�olio investment). To try to limit our 
investment analysis to cases where the foreign owner is the primary decision maker in 
the firm, we have further restricted the foreign ownership to cases where foreign 
business ownership is greater than, or equal to, 50%. 

This also implies that there are excluded firms from our sample that are neither classed 
as domes�c or foreign.  The different measures of UCC, depending on whether it is a 
domes�c or foreign owned firm, are discussed further in Appendix A below.  

Only private for profit firms are included in the sample.  The behaviour of non-profits 
and public en��es is likely to be fundamentally different from private for profit firms, 
and generally tax changes are not mo�vated to change investment by these groups.  

4.1 Summary sta�s�cs 

Summary sta�s�cs are reported in Appendix B; however the key points of interest are 
men�oned here.  

Table 1 shows the mean values of the variables used in our econometric analysis for 
domes�c firms between 1999 and 2017. Our sample for domes�c firms consists of 
5,058 observa�ons. The mean value of the investment rate (I/K) has gone up by over 45 
percent from 1999, with similar increases for the full sample and manufacturing. 
Likewise, the average change in the UCC was similar for both the full sample and 
manufacturing.  
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Table 2 reports mean values for both foreign and domes�c firms between 2005 and 
2017. The sample of foreign firms consists of 3,027 observa�ons. While I/K is similar 
between domes�c and foreign firms, the average increase in the UCC is slightly higher 
for foreign firms. Empirical results 

4.2 Euler equa�on specifica�on 
We begin our analysis with the Euler equa�on model, derived from dynamic 
op�misa�on in the presence of symmetric, quadra�c adjustment costs.  

Table 3 reports results for the Euler equa�on-GMM analysis. These results are 
es�mated using a first-differenced GMM es�mator which removes the firm-specific 
effects by differencing the equa�ons. Lagged values of our endogenous variables are 
used as instruments. The instruments dated as t-2, t-3 which allow for 
contemporaneous correla�on between these variables and shocks to the investment 
equa�on, as shown in the table, the UCC coefficient is nega�ve and sta�s�cally 
significant.   

Point es�mates for the full sample suggest that a one standard devia�on increase in the 
UCC 8 is associated with a reduc�on of the investment rate by 0.0499, a material change 
rela�ve to the average investment rate of 0.25 mean value of the I/K.  

Fabling et al (2015) found that the capital intensive manufacturing industry was less 
responsive to the UCC than firms overall.  This was a surprising result, given the higher 
es�mated effects in the interna�onal literature. In our results, we find that the 
underlying responsiveness of the manufacturing sector is higher than business overall.  
However, this result is par�cularly imprecise and so is not sta�s�cally significant - either 
in an absolute sense or in terms of its difference from the aggregate result. 

As in Fabling et al (2015) the cash flow variable remains insignificant as an explana�on 
of the investment rate. This implies no excess sensi�vity of investment spending to 
fluctua�ons in cash flow, which may indicate that firms are not credit constrained. 
However, we would encourage future research to look at this ques�on in more detail 
before drawing any strong conclusions. 

Table 4 reports results for domes�c and foreign owned firms respec�vely. Since the 
firms’ financial data are required to calculate the corporate level UCC for foreign owned 
firms, the data is restricted to the years 2005 to 2017. The UCC coefficient for domes�c 
shareholders is s�ll nega�ve and sta�s�cally significant; however foreign investors tend 
to be less responsive to changes in the UCC than their domes�c counterparts.  

The rela�ve unresponsiveness of foreign investors is surprising.  In theory foreign 
investors should have a larger investment response from changes in the user cost of 
capital, as they will not be subject to home bias in this jurisdic�on and will be willing to 
invest only in so far as they make a fixed pre-tax rate of return.  As a result, a limited 
response either implies that foreign investors are able to pass-on the tax, that foreign 
investment tends to be lumpier and so appears less responsive in the short-run, or that 
they already make super-normal returns (e.g. loca�on specific rents) when inves�ng in 
New Zealand. 

                                                           
8 A change of 0.0038 based on the years in which tax reforms occurred. 
9 Equal to the standard devia�on mul�plied by the es�mated parameter, or 0.0038x(-12.963). 
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However, we would interpret the foreign owed firm results with cau�on - we would 
suggest avoiding taking this as evidence that foreign investors are unresponsive to New 
Zealand tax changes.  Given our selec�on criteria it is possible that the types of firms 
included were par�cularly unresponsive compared to the true marginal foreign 
investor.  Foreign direct investment inflows as a percentage of GDP have been rela�vely 
constant over this period, while they have increased significantly across the rest of the 
world - and this analysis does not inves�gate why this is the case. 

As the Euler equa�on approach represents a dynamic path for investment, we can use 
this equa�on to calculate the approximate long-run change in the capital stock by 
finding its implied steady state value10. These results indicate a long-run elas�city of 
approximately -0.7, in line with the macro es�mates used in Szeto and Ryan (2009). 

For the overall investment results, the Euler equa�on approach indicates that 
investment rates are responsive to changes in the user cost of capital due to taxa�on 
but more weakly than the standard neoclassical benchmark suggests - over both the 
short and long run. Although this may be the case, it could also be the result of a mis-
specified structural form - specifically the assump�on of quadra�c adjustment costs. If 
the long-run effect is robust we should be able to replicate it with an appropriate �me 
series approach, such as an error correc�on model.  This is what we atempt next. 

4.3 Error-correc�on model results 
The regression results for the Error-correc�on model (ECM) are presented in Table 5.  

For the ECM, we took the same approach as Dwenger (2014) and es�mated the one-
step ECM with System-GMM. We found that the long-term UCC coefficient is nega�ve 
and sta�s�cally significant at 1% level. Our es�mated long-run elas�ci�es were well 
above the neoclassical benchmark at -1.42 which is close to the elas�city found in 
Dwenger (2014).11 

However, rela�ve to other studies u�lising an ECM to consider the investment response 
to changes in the tax component of the UCC our es�mated investment response is 
larger.  Bond and Xing (2015) found the range -0.3 to -0.5 for total capital, and -0.3 to -
0.7 for total equipment. Similarly, Fa�ca (2018) found an aggregate elas�city of around 
-0.5, with both Bond and Xing (2015) and Fa�ca (2018) using a mean-group es�mator 
for their es�mated coefficients.  Yilmaz and Wen (2019) suggested a larger investment 
response which was closer to our results for New Zealand (between -1.1 and -1.3) 
among Canadian firms, however they were only looking at equipment and machinery 
investment - with investment in structures and buildings likely to be less responsive to 
tax changes. 

In order to check the validity of the instruments both the Sargan and Hansen tests of 
the over-iden�fying restric�on were applied.  Both indicated that the instruments were 
valid. 

As there are expecta�on variables in the underlying structural equa�on, the short-run 
response to a change in the UCC associated with an ECM will likely be mis-es�mated 

                                                           
10 When the change in net investment due to the UCC shock is equal to zero. 
11 The long-run elas�city is calculated as the response of the long-run capital stock to 
percentage changes in the user cost of capital. Hence, for the parameter on lagged lnk=0.835 
and on UCC=-0.235, we obtain the long-run elas�city of the UCC  0.235/(1-0.835)= -1.42. 
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(Dwenger 2014).  This implies that these results should only be used to understand the 
long-run changes in the capital stock, which is our main focus. 

Table 5 also reports results for the manufacturing industry. The long-run elas�city is -
0.95, a sta�s�cally significant nega�ve value.  Although the size of the manufacturing 
response is rela�vely similar to that es�mated from the structural approach, the fact 
that it was sta�s�cally significant suggests that capital heavy manufacturing firms do 
respond to tax changes. 

However, the manufacturing industry elas�city is lower than the elas�city for all firms.  
Our analysis does not point to why there would be a weaker investment response in 
the manufacturing industry; however such an outcome might be associated with 
manufacturing firms supplying heterogeneous goods or earning economic rents. 
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5 Conclusion 

This paper es�mates the response of business investment and the capital stock to the 
tax-induced changes in the user cost of capital. We study both short-run and long-run 
responses to changes in the UCC by New Zealand firms and compare this to 
interna�onal evidence.  

We use two methodologies to check the sensi�vity of our results to varying 
assump�ons. Firstly, using the Euler equa�on method for short-run impacts, we find 
that in aggregate, investment by New Zealand firms does respond to changes in the 
UCC - our es�mates for firm investment for all firms were sta�s�cally significant and 
within the range consistent with the previous results. However, the investment 
response for manufacturing firms was nega�ve but not sta�s�cally different from zero. 
Our findings also didn’t find any response in the investment of foreign firms from 
changes in the UCC.  

We have also es�mated the long-run effects of the UCC changes on investment using 
an error-correc�on model. We found a strong long-run capital stock response to 
changes in the UCC, with a 1% decline in the UCC increasing the capital stock by 1.4%. 
This result is consistent with interna�onal evidence using a similar method, and is much 
higher than the aggregate es�mates used in New Zealand previously.  

Given the stark long-run differences in the structural and reduced form approaches, we 
believe it would be valuable to undertake further structural es�mates with less 
restric�ve assump�ons about adjustment costs as in Bloom (2009). Such an exercise 
would provide an important cross-check of the long-run response found in this paper, 
and also shed addi�onal light on ques�ons regarding the short-run response of 
investment to changes in the cost of capital - a ques�on that is relevant when both 
monetary and fiscal authori�es are concerned about insufficient demand in the 
economy. 



18 

References 
Arellano, Manuel and Stephen Bond. 1991. “Some Tests of Specifica�on for Panel Data: 
Monte Carlo Evidence and an Applica�on to Employment Equa�ons." Review of Economic 
Studies, 58(2):277-297.  
 
Bloom, Nicholas.  2009. “The Impact of Uncertainty Shocks." Econometrica, 77(3): 623-685. 
 
Blundell, Richard, and Stephen Bond. 1998. “Ini�al Condi�ons and Moment Restric�ons in 
Dynamic Panel Data Models." Journal of Econometrics, ,(1):115-143.  
 
Bond, Stephen, and Costas Meghir. 1994. “Dynamic Investment Models and the Firm's 
Financial Policy." The Review of Economic Studies, 61(2):197-222.  
 
Bond, Stephen, and Jing Xing. 2015. “Corporate Taxa�on and Capital Accumula�on: 
Evidence from Sectoral Panel Data for 14 OECD Countries." Journal of Public Economics, 
130:15-31.  
 
Bond, Stephen, Julie Elston, Jacques Mairesse, and Benoit Mulkay. 2003. “Financial Factors 
and Investment in Belgium, France, Germany, and the United Kingdom: A Comparison using 
company panel data." The Review of Economics Statistics, 85(1):153-165.  
 
Caballero, Ricardo, Eduardo Engel, John Hal�wanger, Michael Wood ford, and Robert Hall. 
1995. “Distribu�on of Pre-Tax Top Personal Incomes." Brookings Papers on Economic 
Activity, 1995(2):1-54.  
 
Chirinko, Robert S. 1993. “Business Fixed Investment Spending: Modelling Strategies, 
Empirical Results, and Policy Implica�ons." Journal of Economic Literature, 31(4):1875-1911. 
 
Chirinko, Robert S., Steven Fazzari, and Andrew Meyer. 1999. “How Responsive is Business 
Capital Forma�on to its User Cost? An Explora�on with Micro Data." Journal of Economic 
Literature, 74(1):53-80.  
 
Creedy, John, and Norman Gemmell. 2017. “Taxa�on and the User Cost of Capital." Journal 
of Economic Surveys, 31(1):201-225.  
 
Devereux, Michael, and Rachel Griffith. 2003. “Evalua�ng Tax Policy for Loca�on 
Decisions.” International Tax and Public Finance, 10(2): 107-126. 
 
Doms, Mark and Timothy Dunne. 1998. “Capital Adjustment Paterns in Manufacturing 
Plants.” Review of Economic Dynamics, 1(2):409-429. 
 
Djankov, Simeon, Tim Ganser, Caralee McLiesh, Rita Ramalho, and Andrei Shleifer. 1996. 
“The Effect of Corporate Taxes on Investment and Entrepreneurship." American Economic 
Journal: Macroeconomics, 2(3):31-64.  
 
Dwenger, Nadja. 2014. “User Cost Elas�city of Capital Revisited." Economica, 81(321): 161-
186.  
 



19 

Fabling, Richard, Norman Gemmell, Richard Kneller, and Lynda Sanderson. 2013. 
“Es�ma�ng Firm-Level Effec�ve Marginal Tax Rates and the User Cost of Capital in New 
Zealand." Treasury Working Paper Series, No. 13/19.  
 
Fabling, Richard, Richard Kneller, and Lynda Sanderson. 2015. “The Impact of Tax Changes 
on the Short-Run Investment Behaviour of New Zealand Firms." Motu Working Paper, 
2015/4.  
 
Fa�ca, Serena. 2018. “Business Capital Accumula�on and the User Cost: Is There a 
Heterogeneity Bias?" Journal of Macroeconomics, 56:15-34.  
 
Garber, Peter, and Robert King. 1983. “Deep Structural Excava�on?: A Cri�que of Euler 
Equa�on Methods." NBER Technical Working Paper No. 31.  
 
Gemmell, Norman, Richard Kneller, Danny McGowan, Ismael Sanz, and Jose F. Sanz-Sanz. 
2018. “Corporate Taxa�on and Produc�vity Catch-Up: Evidence from European Firms." The 
Scandinavian Journal of Economics, 120(2): 372-399.  
 
Klemm, Alexander. 2008. “Effec�ve Average Tax Rates for Permanent Investment.” IMF 
Working Papers, No. 2008/56. 
 
Labuschagne, Natalie, and Polly Vowles. 2010. “Why are Real Interest Rates in New Zealand 
so High? Evidence and Drivers?” Treasury Working Paper Series, 10(9):39-54. 
 
Lucas, Robert. 1976. “Econometric Policy Evalua�on: A Cri�que." Carnegie-Rochester 
Conference Series on Public Policy, 1(1):19-46.  
 
Nickell, Stephen. 1981. “Biases in Dynamic Models with Fixed Effects." Econometrica, 
49(6):1417-1426.  
 
Pesaran, M. Hashem, and Ron P. Smith. 1995. “Es�ma�ng Long-run Rela�onships from 
Dynamic Heterogeneous Panels." Journal of Econometrics, 68: 79-113. 
 
Szeto, Kam Leong, and Michael Ryan. 2009. “An Introduc�on to the New Zealand Treasury 
Model." Treasury Working Paper Series, No. 09/02.  
 
Westerlund, Joakim. 2007. “Tes�ng for Error-Correc�on in Panel Data." Oxford Bulletin of 
Economics and Statistics, 69:709-748.  
 
Yilmaz, Fa�h, and Jean-Francois Wen. 2019. “Tax Elas�city Es�mates for Capital Stocks." 
Central Bank of the Republic of Turkey Working Paper No. 19/01. 
 
 Zwick, Eric, and James Mahon. 2017. “Tax Policy and Heterogeneous Investment Behavior." 
American Economic Review, 107(1):217-248.  
 



1 

Appendix A:  Deriva�on of the UCC 

Measures of the net user cost under corporate-level taxation re-calculated following 
Fabling et al (2013).  For New Zealand, we distinguish between debt and equity sources 
of funds, and whether the marginal investor is a foreign or domestic resident. Foreign 
owners are not subject to New Zealand personal taxation on equity returns but instead 
face the corporate tax as their final New Zealand level of taxation. Because of New 
Zealand’s imputation system, corporate taxes are simply a withholding tax for domestic 
residents, so at the personal level it is the personal tax scale that is relevant. 

As a result, allowing corporate taxation Hall-Jorgensen’s (1967) formula can be 
rewritten to calculate the real user cost of capital, C, as:  

C = {1−τ(Z+k)}(r∗+δ)
1−δ

    

where  τ is statutory corporate tax rate; Z is present value of depreciation allowances 
(discounted at the nominal interest rate); k is tax allowance value of any investment 
tax credits available (captured by ‘depreciation loadings’ in NZ); δ is rate of economic 
depreciation (asset-value-weighted average based on the depreciation rates applicable 
to each of the firm’s asset classes); r∗ is real cost of funds, equal to the required after-
tax rate of return. For foreign-sourced equity funds, the investor is not generally 
subject to New Zealand taxation on the equity return, hence we may set 𝑟𝑟∗ = 𝑟𝑟𝐸𝐸, 
where rE is real return on equity demanded by the investor. 

The UCC calculation differs based on whether we are looking at a domestic 
firm/investor (with m as the top personal tax rate) or a foreign firm/investor as shown 
in the table below. 

  Net UCC Gross UCC 

Foreign-sourced 
or corporate 
taxation: 

𝐶𝐶𝑛𝑛𝑛𝑛𝑛𝑛 =
{1−𝜏𝜏(𝑍𝑍 + 𝑘𝑘)}(𝑟𝑟∗ + 𝛿𝛿)

1 − 𝜏𝜏
− 𝛿𝛿 

 
With debt financing: 
 

𝑟𝑟∗ = �𝑟𝑟(1 − 𝜏𝜏) −
𝜏𝜏𝜏𝜏

1 + 𝜋𝜋�
 

𝐶𝐶 =
{1−𝜏𝜏(𝑍𝑍 + 𝑘𝑘)}(𝑟𝑟∗ + 𝛿𝛿)

1 − 𝛿𝛿
 

 
With equity financing: 
 

𝑟𝑟∗ = 𝑟𝑟𝐸𝐸 

Domestic 
shareholder-
level taxation: 

𝐶𝐶𝑛𝑛𝑛𝑛𝑛𝑛 = {1−𝑚𝑚(𝑍𝑍+𝑘𝑘)}(𝑟𝑟∗+𝛿𝛿)
1−𝑚𝑚

− 𝛿𝛿                      𝐶𝐶 = {1−𝑚𝑚(𝑍𝑍+𝑘𝑘)}(𝑟𝑟∗+𝛿𝛿)
1−𝑚𝑚

 
 

With debt or equity financing: 

                                       where 𝑟𝑟∗ = �𝑟𝑟(1 −𝑚𝑚) − 𝑚𝑚𝑚𝑚
1+𝜋𝜋

� 
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Appendix B:  Tables 

Table 1. Summary statistics : 1999-2017 domestic only 
Full sample Manufacturing 

  Obs Mean Std. Dev. Obs Mean Std. Dev. 
𝐼𝐼/𝐾𝐾 5,058 0.26 0.25 1,182 0.20 0.18 
𝐼𝐼/𝐾𝐾2 5,058 0.13 0.36 1,182 0.07 0.15 
𝛱𝛱/𝐾𝐾 5,058 1.62 7.84 1,182 0.72 1.16 
𝑌𝑌/𝐾𝐾 5,058 21.68 42.09 1,182 8.64 10.47 
𝝙𝝙UCC 4,062 0.04 0.0038 927 0.04 0.0033 

 
 
Table 2. Summary statistics : 2005-2017 domestic vs foreign 

Domestic  Foreign  
Full sample Manufacturing Full sample Manufacturing 

  Obs Mea
n 

Std. 
Dev. Obs Mea

n 
Std. 
Dev. Obs Mea

n 
Std. 
Dev. Obs Mean Std. 

Dev. 
𝐼𝐼/𝐾𝐾 3,423 0.25 0.24 768 0.20 0.18 3,027 0.28 0.26 969 0.17 0.17 
𝐼𝐼/𝐾𝐾2 3,423 0.12 0.30 768 0.07 0.16 3,027 0.15 0.38 969 0.06 0.17 
𝛱𝛱/𝐾𝐾 3,423 1.60 8.98 768 0.61 0.78 3,027 12.5 169.5 969 1.89 6.09 
𝑌𝑌/𝐾𝐾 3,423 23.1 46.1 768 8.01 8.28 3,027 39.0 158. 969 12.55 35.77 
𝝙𝝙UCC 3,096 0.04 0.00 690 0.04 0.00 2,376 0.06 0.01 768 0.06 0.01 
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Robust standard errors in brackets. Significant at: *** 1%, ** 5%, * 10%. UCCs calculated using 𝑡𝑡 − 2  asset weights. 

 
 
 
 
Table 3. 1999-2017 Euler equation model: GMM first differences with lags t-3 

  Full sample 
 

Manufacturing 
 

𝐼𝐼/𝐾𝐾 0.174 0.176 -0.76 -0.77 
  [0.124] [0.123] [0.551] [0.561] 
𝐼𝐼/𝐾𝐾2 0.002 -0.001 2.143 2.17 
  [0.264] [0.262] [1.380] [1.407] 
𝛱𝛱/𝐾𝐾 0.002 0.002 0.008 0.007 
  [0.006] [0.006] [0.046] [0.046] 
𝑌𝑌/𝐾𝐾 -0.001 -0.001 0.035 0.036 
  [0.001] [0.001] [0.025] [0.026] 
𝝙𝝙UCC   -12.963**   -19.313 
    [5.964]   [21.487] 
 
Observations 3309 3309 762 762 
     

 
                  Wald chi2(16)  =  39.77 

                  Prob > chi2  =  0.0008 
 

        Wald chi2(16)  =  10.54 
        Prob > chi2  =  0.8370 
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Robust standard errors in brackets. Significant at: *** 1%, ** 5%, * 10%. UCCs calculated using t–2 asset weights. 
 
 

Table 4. Domestic versus Foreign owned firms for  years > 2005    
 Full sample  Manufacturing 

 Domestic Foreign Domestic Foreign 
𝐼𝐼/𝐾𝐾 0.263* 0.262* 0.531** 0.532** 0.015 0.015 -0.44 -0.437 
  [0.141] [0.141] [0.208] [0.209] [0.401] [0.402] [1.272] [1.269] 
𝐼𝐼/𝐾𝐾2 -0.093 -0.092 -0.672* -0.675* 0.415 0.414 2.853 2.843 
  [0.276] [0.275] [0.404] [0.407] [0.967] [0.969] [5.491] [5.479] 
𝛱𝛱/𝐾𝐾 0.004 0.004 0 0 0.047 0.047 0.026 0.026 
  [0.005] [0.005] [0.000] [0.000] [0.048] [0.048] [0.042] [0.042] 
𝑌𝑌/𝐾𝐾 -0.001 -0.001 0 0 -0.01 -0.011 -0.01 -0.01 
  [0.001] [0.001] [0.002] [0.002] [0.008] [0.008] [0.016] [0.016] 
𝝙𝝙UCC  -11.507*  -2.537  12.335  -5.987 

  [6.539]  [2.170]  [16.886]  [6.500] 

Observations 2,613 2,613 1,854 1,854 534 534 630 630 

 
Wald chi2(12) = 40.61 
Prob > chi2 = 0.0001 

Wald chi2(13) = 27.62 
Prob > chi2 = 0.0102 

Wald chi2(12) = 15.51 
Prob > chi2 = .2149 

Wald chi2(13) = 3.58 
Prob > chi2 = 0.9949 
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Table 5: System-GMM estimates for one-step ECM 
 𝑘𝑘𝑖𝑖,𝑡𝑡 All firms  Manufacturing only 
   
𝑘𝑘𝑖𝑖,𝑡𝑡−1(𝝓𝝓) 0.835*** 0.802*** 
 (0.0364) (0.0770) 
𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝑖𝑖,𝑡𝑡 -1.032 -2.199 
 (0.744) (4.975) 
𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝑖𝑖,𝑡𝑡−1 0.282 1.075 
 (0.520) (1.988) 
𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝑖𝑖,𝑡𝑡−2 0.745 2.441 
 (0.506) (2.163) 
𝛥𝛥𝛥𝛥𝑖𝑖,𝑡𝑡 0.152** 0.304** 
 (0.0681) (0.121) 
𝛥𝛥𝛥𝛥𝑖𝑖,𝑡𝑡−1 0.0313 0.0600 
 (0.0217) (0.0377) 
𝛥𝛥𝛥𝛥𝑖𝑖,𝑡𝑡−2 0.0228* 0.000198 
 (0.0122) (0.0273) 
User Cost of Capital (𝜎𝜎′) -0.235*** -0.189** 
 (0.0545) (0.0742) 
Sales (𝛽𝛽′) 0.0637* 0.227*** 
 (0.0327) (0.0707) 
𝐶𝐶𝐶𝐶𝑖𝑖,𝑡𝑡/𝐾𝐾𝑖𝑖,𝑡𝑡−1 0.0875*** -0.00734 
 (0.0230) (0.0392) 
Constant -0.335** 0 
 (0.155) (0) 
   
Observations 27,459 3,975 
Number of firms 6228 912 
Notes: Robust standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1 
A full set of year dummies is included. The instruments for the first differenced regression are 
the values (in levels) of 𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝛥𝑖𝑖,𝑡𝑡 𝑎𝑎𝑎𝑎𝑎𝑎 𝛥𝛥𝛥𝛥𝑖𝑖,𝑡𝑡; in the specification including cash flow, 𝐶𝐶𝐶𝐶𝑖𝑖,𝑡𝑡/𝐾𝐾𝑖𝑖,𝑡𝑡−1 
is lagged two years and additionally used as an instrument  
Sargan test of overid. restrictions: chi2(263)  = 298.55; Prob > chi2 =  0.065 
Hansen test of overid. restrictions: chi2(263)  = 242.42; Prob > chi2 =  0.814 
F(31, 6228) = 1386.41; Prob > F = 0.000. 
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Table 6: Representative fiscal depreciation rates including loading 

Year 
Corporate 
tax rate 

Top 
personal 
tax rate Land Buildings 

Furniture 
& fittings 

Plant, 
machinery, 
equipment Computers Vehicles Intangibles 

1999 0.33 0.33 0 0.04 0.18 0.264 0.48 0.264 0.24 

2000 0.33 0.33 0 0.04 0.18 0.264 0.48 0.264 0.24 

2001 0.33 0.39 0 0.04 0.18 0.264 0.48 0.264 0.24 

2002 0.33 0.39 0 0.04 0.18 0.264 0.48 0.264 0.24 

2003 0.33 0.39 0 0.04 0.18 0.264 0.48 0.264 0.24 

2004 0.33 0.39 0 0.04 0.18 0.264 0.48 0.264 0.24 

2005 0.33 0.39 0 0.04 0.18 0.264 0.48 0.264 0.24 

2006 0.33 0.39 0 0.03 0.192 0.3 0.6 0.3 0.24 

2007 0.33 0.39 0 0.03 0.192 0.3 0.6 0.3 0.24 

2008 0.33 0.39 0 0.03 0.192 0.3 0.6 0.3 0.24 

2009 0.3 0.39 0 0.03 0.192 0.3 0.6 0.3 0.24 

2010 0.3 0.38 0 0.03 0.192 0.3 0.6 0.3 0.24 

2011 0.3 0.355 0 0.03 0.16 0.25 0.5 0.25 0.2 

2012 0.28 0.33 0 0 0.16 0.25 0.5 0.25 0.2 

2013 0.28 0.33 0 0 0.16 0.25 0.5 0.25 0.2 

2014 0.28 0.33 0 0 0.16 0.25 0.5 0.25 0.2 

2015 0.28 0.33 0 0 0.16 0.25 0.5 0.25 0.2 

2016 0.28 0.33 0 0 0.16 0.25 0.5 0.25 0.2 

2017 0.28 0.33 0 0 0.16 0.25 0.5 0.25 0.2 
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Integrated Data Infrastructure disclaimer 

The results in this paper are not official sta�s�cs. They have been created for 
research purposes from the Integrated Data Infrastructure (IDI) managed by 
Sta�s�cs NZ. The opinions, findings, recommenda�ons, and conclusions 
expressed in this paper are those of the author(s), not Sta�s�cs NZ. Access to 
the anonymised data used in this study was provided by Sta�s�cs NZ in 
accordance with security and confiden�ality provisions of the Sta�s�cs Act 
1975. Only people authorised by the Sta�s�cs Act 1975 are allowed to see data 
about a par�cular person, household, business, or organisa�on. The results in 
this paper have been confiden�alised to protect these groups from 
iden�fica�on. Careful considera�on has been given to the privacy, security, and 
confiden�ality issues associated with using administra�ve and survey data in the 
IDI. Further detail can be found in the Privacy impact assessment for the 
Integrated Data Infrastructure available from www.stats.govt.nz. 

IRD disclaimer  

The results are based in part on tax data supplied by Inland Revenue to Sta�s�cs NZ 
under the Tax Administra�on Act 1994. This tax data must be used only for 
sta�s�cal purposes, and no individual informa�on may be published or disclosed in 
any other form, or provided to Inland Revenue for administra�ve or regulatory 
purposes. Any person who has had access to the unit record data has cer�fied that 
they have been shown, have read, and have understood sec�on 81 of the Tax 
Administra�on Act 1994, which relates to secrecy. Any discussion of data limita�ons 
or weaknesses is in the context of using the IDI for sta�s�cal purposes, and is not 
related to the data’s ability to support Inland Revenue’s core opera�onal 
requirement 
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