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Abstract

This paper estimates the dynamic and long-run real effects of oil price shocks. Unlike

existing literature for the US, we impose theoretical structure on the long-run impulse-responses

by assuming that they satisfy a long-run oil demand equation consistent with firms’ optimal

decisions regarding factor allocation. This paper considers the case of New Zealand, a small

open economy. In such an environment, oil price shocks are largely exogenous. In line with

that, we use a cointegration framework developed by Pesaran, Shin, and Smith (2000) that

allows for the presence of exogenous I(1) variables in the cointegration relation. Our results

suggest that oil price shocks have relatively small, albeit non-trivial, long-run effects on output.

A typical oil price change is largely corrected for by the oil component of aggregate demand,

and therefore does not require large adjustments in other sectors of the economy.
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1. Introduction 

 
Central banks typically monitor oil price fluctuations closely, based on the view that oil 

price changes have a substantial effect on domestic real activity and inflation. However, 

it is often difficult to forecast what current movements in oil prices imply for future 

economic activity. One reason is that it is often unclear whether oil price changes 

should be considered as permanent, in the sense that the current oil price is the best 

forecast for future oil prices, or instead whether oil price variation tends to be transitory, 

implying convergence to a value consistent with a long-run steady state. 

  

State-of-the-art general equilibrium models of the business cycle often opt for the latter 

approach. Since such models focus on characterizing cyclical variations rather than on 

long-run trends, all variables typically enter the model in terms of deviations from trend. 

This is the case in the Reserve Bank’s main forecasting model, KITT. The KITT model 

explicitly accounts for the effects of changes in oil price inflation. Since KITT considers 

de-trended variables, it can only model oil prices explicitly by assuming that there is 

non-trivial transitory variation in oil price inflation, and model the cyclical component 

of oil price inflation. 

 

The present paper empirically investigates the nature and the effect of oil price changes 

on the New Zealand economy in the recent past. Our results suggest that oil price 

changes are largely permanent, and exogenous from the point of view of the New 

Zealand economy. We find that a permanent change in international oil prices is largely 

corrected for by the oil component of aggregate demand, and that a typical change in oil 

prices has relatively small effects on the broader economy.   

 

The international literature has often used VARs for analyzing the effects of oil price 

shocks in a similar way as VARs have been used for analyzing the effect of monetary 

policy innovations. In our baseline approach, we adopt an approach which is more 

specifically tailored to the task of analyzing the effects of real shocks such as shocks to 

the relative price of oil. Unlike nominal shocks, relative price shocks can have long-run 

real effects, which allows us to impose theoretical structure on the long-run relationship 

between the real variables in the system.  
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The literature on the macroeconomic implications of oil price changes emerged after the 

oil price shocks of the 1970s. Hamilton (1983) was among the first to document that oil 

price changes had substantial effects on US real GDP growth. According to his results, 

large upward spikes in oil prices have tended to anticipate real slowdowns by virtue of a 

proper causal relationship, not mere coincidence. Hamilton’s view was later countered 

by Bernanke, Gertler, and Watson (1997), who found that most of the apparent real 

effects of oil price changes were in fact attributable to the response of monetary policy 

to changes in oil prices. In particular, oil price increases were typically met with 

monetary policy contractions, where the policy response accounted for much of the 

subsequent slowdown in the real economy.2 

 

Blanchard and Galí (2007) document that the share of overall variation in US output 

and inflation that is due to oil price shocks has declined over time.3 Furthermore, they 

argue that this is not due to a decline in the size of oil shocks, but rather to a decline in 

the effect for a given size of shock. They point to decreased real wage rigidity, 

increased monetary policy credibility, and a decrease in the oil shares in consumption 

and production as contributing factors behind the decreased influence of oil shocks on 

aggregate fluctuations. To explain time-variation in the effect of oil prices on the 

economy, Kilian (2009) argues that the effect of a change in oil prices depends on its 

underlying cause. He finds that most changes in oil prices are due to changes in 

precautionary demand for oil and to global business cycles, while supply disruptions in 

the oil market play a relatively minor role beyond their effect on precautionary oil 

demand. 

  

In our paper, whether we control for monetary policy does not have a noticeable impact 

on the results. Our paper suggests that the response of output and inflation to oil prices 

has been small in New Zealand. We find that oil price shocks do not imply a real wage 

                                                 
2 Hamilton and Herrera (2004) provide counterarguments to Bernanke, Gertler, and Watson 
(1997). 
3 Several other papers find that the effect of oil price shocks on the US economy has declined. 
For instance, Hooker (1994, 1999) finds that oil prices do not Granger cause US GDP growth 
after 1980, arguably reflecting structural change in the relation between oil prices and real 
activity. Similarly, Hooker (2002) finds that since the 1980s, oil price shocks have accounted 
for only a small fraction of the overall variation in the US price level in comparison with the 
post-WWII period. 
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response, neither in the short run nor in the long run. As such, real wages are never far 

from their long-run response, which suggests that in New Zealand, real wage rigidity 

plays no major role in the transmission of oil shocks to the economy. 

 

On the other hand, the decrease in the oil share in New Zealand is a likely cause behind 

the relatively small aggregate effect of oil shocks. In addition, it is plausible that a high 

degree of monetary policy credibility (a feature often associated with inflation targeting) 

is a factor behind the relatively small macroeconomic response to oil shocks. 

  

Unlike Kilian (2009), we consider the oil market in one country in isolation, and 

therefore do not model the determinants of international oil price changes. Instead, 

domestic oil purchasers take international oil prices as given. On the other hand, an 

important feature of our model is that we endogenize the quantity of oil purchased. In 

particular, we derive an equation for long-run oil demand as a function of desired output 

and factor prices. 

 

For purposes of comparability with the above-cited literature, our paper first 

characterizes the nature and role of oil price changes in a Vector Auto Regression 

(VAR) framework. This framework is quite general, and therefore informs us about the 

nature of the oil price process without too many a priori restrictions. Our findings 

suggest that oil price changes are mostly permanent and are exogenous to New Zealand-

specific variables. Our results also suggest that oil price changes have a relatively small 

effect on output and on CPI inflation beyond the direct effect of fuel on the CPI.  In 

particular, a one-standard deviation shock to nominal oil prices has a cumulative effect 

of 0.64 percentage points on the level of tradables prices after twelve quarters, but the 

corresponding effect on the tradables index excluding fuel is only 0.23 percentage 

points. 

 

Next, we estimate our main model, which is a Vector Error Correction Model (VECM) 

in which we assume that oil prices follow a random walk and affect domestic oil 

demand, aggregate output, and other factor prices in a way consistent with the long-run 

implications of firms’ cost minimizing decisions. The advantage of this approach is that, 

unlike in typical general equilibrium models of the business cycle, we do not need to 

assume that oil prices return to a historical trend. Instead, the estimated long-run 
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responses have to be consistent with a theoretically motivated long-run relationship 

between the variables. We perform cointegration analysis using the method developed 

by Pesaran, Shin, and Smith (2000), which allows for the presence of exogenous 

variables in the cointegrating relationship. 

   

Our results suggest that it only takes about four quarters for the economy to reach its 

new steady-state after a one-standard deviation oil price shock. Furthermore, we find 

that most of the adjustment to a permanent oil price increase occurs through a decrease 

in oil demand. The macroeconomic effects are rather small. For instance, a one standard 

deviation increase in the relative price of oil implies a cumulative long-run decrease in 

real GDP of 0.22 percentage points. 

 

The remainder of this paper is structured as follows. In section 2 we discuss through 

which mechanisms oil prices could affect macroeconomic outcomes, and give 

background on the New Zealand oil market. In section 3, we present and interpret the 

results from the VAR framework. Section 4 discusses the evidence from the 

cointegration and VECM framework implied by cost minimization. Section 5 

concludes. 

 

2. Background 

 
Before presenting our empirical investigation in sections 3 and 4, we provide 

background on the mechanisms through which oil prices may affect aggregate output 

and inflation, and discuss stylized facts about the oil market in New Zealand. 

                    
2.1 Supply and demand effects 

 

Oil price shocks are typically viewed as aggregate supply shocks, given that oil is a 

factor into production in various sectors of the economy. An increase in oil prices 

constitutes an exogenous increase in marginal cost. In response, profit-maximizing 

firms tend to increase prices. An increase in the price level implies a decline in real 
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wealth and therefore a decline in spending on aggregate output, by virtue of a wealth 

effect.4  

  

In addition, to the extent that the existing factor allocation was optimal, changes in oil 

prices mean that a different allocation now becomes optimal. The increase in oil prices 

restricts any oil-purchasing firm’s budget set which will tend to mean that it has to 

reduce output. This is especially the case if it has not yet been able to adjust its factor 

allocation to the new optimum, but holds true even once it attains the newly optimal 

factor allocation.  

 

In addition to the above-mentioned effects that operate through oil-purchasing firms, 

there are likely direct effects on aggregate demand, as long as households directly 

purchase a non-trivial fraction of oil derivates such as petrol for their own individual 

purposes. In that case, an increase in the price of oil affects the price of consumers’ 

basket of goods and services and implies a decline in real wealth, depressing aggregate 

demand. Simultaneously, there may be a substitution effect at play, in the sense that the 

increase in oil prices may cause households to purchase more non-fuel goods instead of 

oil.5 

 

Note that changes in oil prices will only affect inflation in the short run. In the long run, 

inflation is determined by the central bank’s (explicit or implicit) inflation target. This is 

why we will include inflation in the VAR model of section 3, but not in the VECM 

model of section 4. In the latter case, the model involves a long-run relationship 

between real variables. 

 

 

 

                                                 
4 In the presence of nominal price rigidity, in the short run there will also be a substitution effect  
from those firms that already increased their prices to those that have not yet adjusted. The  
substitution effect could imply an effect on aggregate output if there is incomplete information  
or any real rigidity. 
5 In this paper, we only consider linear effects of oil prices on output. Let us briefly note 
however that some existing work suggests that the relation may be asymmetric. See Mork 
(1989) for an empirical paper and Atkeson and Kehoe (1999) for a theoretical model. In these 
papers, GDP responds more to an increase in the oil price than to an oil price decrease of the 
same magnitude. 
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2.3 Oil usage in New Zealand 

 

Compared to most International Energy Agency (IEA) countries, New Zealand has 

relatively abundant domestic fossil fuel resources. In particular, it has large reserves of 

coal and some reserves of natural gas and oil. It has been self-sufficient in most energy 

resources, but not so in oil, where domestic production covers only 17% of total usage 

(in 2004), and where over 80% is imported.6 

 

The volume of oil purchases in New Zealand has grown steadily since the mid 1980s, 

although on average less quickly than real GDP growth. The use of oil derivatives for 

transport in particular has been large and increasing. Currently, over 80% of New 

Zealand oil purchases are for transport. 

     

The oil industry was liberalized in the late 1980s. At that time, the New Zealand 

government removed price controls, ended its involvement in oil refining, terminated 

licensing requirements for oil wholesalers and retailers, and lifted restrictions on 

importing refined oil products.   

 

Despite its high degree of concentration, New Zealand’s oil distribution industry is 

considered as competitive in the sense that oil distributors do not have a particularly 

high degree of pricing power. Typically, fluctuations in retail oil prices mirror those in 

the Dubai price of oil, with prices at the pump responding to prices on international 

markets with a lag of one week. 

 

As in other economies, New Zealand’s ratio of oil usage to total GDP has been 

declining. In most OECD economies, this decline has been going on since the late 

1970s. Plausibly, agents have substituted away in response to factors such as high and 

volatile oil prices, and an increasing awareness that oil is non-renewable, implying that 

oil prices will increase steeply at some point in the future when the stock of oil is close 

to depletion.7 

                                                 
6 From MED publication: Energy Policy Recommendation. 
7 An alternative explanation for decreasing oil shares is that the productivity of oil permanently 
increased in response to productivity improvements which were largely oil-specific.  
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In Figure 1 below, the green line tracks the ratio of real oil usage8 to real GDP for New 

Zealand. The oil share declined in the first half of the 1980s, but increased again in the 

second half of that decade. From the early 1990s on, the oil share has been on a 

downward trend. To interpret the increase in the oil share in the second half of the 

1980s, note that the New Zealand economy was in recession at the time. The data 

suggest that oil usage did not decline proportionally to the decline in aggregate output. 

This could be due to the possibility that firms disproportionately reduced their reliance 

on other factors such as labor, rather than reducing utilization rates of the equipment 

that relies on oil. Alternatively, this could be due to the possibility that sectors that 

depended on oil particularly strongly were less affected by the crisis than others. 

 

All other things equal, the observed decrease in the real oil share tends to imply a 

reduction in the effect of oil prices on the New Zealand economy.  

 

 
 

The red line in Figure 1 represents the evolution of the relative price of oil in New 

Zealand dollars.  Real oil prices were high in the early 1980s, for a few years after the 

1979 oil price shock. After that, real oil prices declined to a new, relatively stable level. 

From about 2000 on, the real oil price has increased again, through to the very end of 
                                                 
8 Total observed consumption of oil in New Zealand. It includes petrol, diesel, fuel oil, aviation 
fuels and other petroleum products. Data used to produce the quarterly updates and annual 
summary information for oil.  
http://www.med.govt.nz/templates/MultipageDocumentTOC____31827.aspx 
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our sample. At the end of the sample, the real price of oil is at a similar level as it was in 

the early 1980s. In other words, once one adjusts for inflation, oil was equally expensive 

in 2008 as it was in the aftermath of the oil price shocks of the 1970s. 

  

3. VAR-based evidence 

 

In this section we perform VAR analysis to characterize the response of New Zealand 

inflation and real activity to oil price shocks. We adopt this approach since it ensures 

comparability with earlier studies in the international literature on the effects of oil price 

shocks. In addition, this is a relatively flexible approach which will tell us something 

about the nature of the oil price process and the relations in the data before we go on to 

impose restrictions in our more theoretically founded model in section 4. 

 

We estimate a five-variable VAR with the following Choleski ordering: 
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Where    is the Dubai price of oil in nominal terms but converted to New Zealand 

dollars,        is inflation in the tradable goods CPI in NZ dollars,           is inflation in the 

non-tradable component of the CPI,         is real GDP growth,9 and tr  is the nominal 90-

day bill rate. All inflation and growth rates are in quarterly percentage points, while the 

bill rate is in annual terms. 

 

The Choleski ordering assumes that oil price shocks are contemporaneously exogenous 

to shocks in any of the other variables. Furthermore, we assume that tradables inflation 

is contemporaneously exogenous to the three domestic variables. New Zealand is a 

small open economy, and we consider it a price taker with respect to tradable goods 

prices. Finally, as is common in the VAR literature, we assume that inflation does not 
                                                 
9 We use the production-based measure of real GDP. 

to,π
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depend contemporaneously on GDP growth, and that output growth does not react to 

interest rate changes within the same quarter. 

 

We report results from two specifications. First, we use the standard measure of 

tradables CPI inflation which includes fuel. Second, we use a measure of tradables 

inflation which excludes fuel prices.  In that way, we can gauge whether international 

oil prices truly affect consumer prices other than through their effect on the retail price 

of fuels such as petrol and diesel. We expect that this difference will matter, since petrol 

accounts for about 10 percent of the tradable goods CPI. 

 

In equation (1), the price of oil is in New Zealand dollars, and therefore in principle 

reflects movements in international oil prices as well as exchange rate fluctuations. 

However, the results which we are about to report are robust to specifying oil prices in 

US dollars, and separately including the effective exchange rate, in particular the Trade 

Weighted Index (TWI). This indicates that our results below regarding the effect of oil 

prices on the economy truly reflect the effect of oil price movements in the sense that 

they are not clouded by exchange rate movements.10 

 

Furthermore, the results reported below are for nominal oil prices. The results are 

virtually identical when we deflate oil prices by the New Zealand CPI. This is not 

surprising, given that fluctuations in relative oil prices are overwhelmingly driven by 

changes in nominal oil prices. 

 

We estimate a VAR based on the data vector ty  from equation (1). We regress a VAR 

with two lags based on the Akaike Information Criterion (AIC). We estimate the 

following system: 

 

       tttt yAyAcy ε+++= −− 2211                                                  (2) 

 

Where c is a vector of constants, 1A  and 2A  are coefficient matrices, and tε  is a vector 

of reduced-form residuals. Throughout our paper, the sample period is 1992Q1-2008Q3. 

                                                 
10 Similarly, our results are robust to including commodity price inflation in the VAR. 
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In terms of the VAR results, we focus on the impulse-responses to an oil price shock. 

Recall that we order oil price inflation first for purposes of the Choleski decomposition. 

This implies that the reduced-form shock in the oil price equation is in fact a ‘pure’ oil 

price shock in the sense that it does not depend on shocks to any of the other variables. 

 

We first discuss the results with the measure for tradables inflation that includes fuel. In 

Figure 2, we show the implied responses of inflation rates, GDP growth, and the interest 

rate to a one-standard deviation shock to the oil price equation, which corresponds to an 

increase in nominal oil prices of about 15.32%. Figure 3 shows the accumulated effects 

on the relevant price indices and the level of GDP. In each case we show the responses 

up to twelve quarters after the shock. 

 

Figure 2: VAR response in growth rates, with tradables including fuel 
Response to a one standard deviation innovation  

in the nominal Dubai oil price in NZD   
(with 95% confidence interval) 
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Figure 3: Cumulative VAR responses, with tradables including fuel 
Cumulative response to a one standard deviation innovation  

in the nominal Dubai oil price in NZD   
(with 95% confidence interval) 
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We first discuss the behavior of oil prices, before turning to their effect on the other 

variables in the system. Figure 3 reveals that most of the initial oil price impulse persists 

throughout the impulse-response horizon. Twelve quarters after the shock, oil prices are 

still 12.83% above their pre-shock level, without showing any signs of dropping off at 

the end of the horizon. This suggests that oil price changes are largely permanent. 

Furthermore, in the estimated VAR equation for oil price inflation (not reported here), 

the sum of the coefficients on lagged oil price inflation is virtually equal to zero. To the 

extent that oil prices do not respond to domestic New Zealand variables, this suggests 

that the log price of oil evolves as a random walk. 

  

The VAR results indeed suggest that oil prices are particularly unresponsive to 

developments in the New Zealand economy. The responses to impulses in the other 

VAR variables (not reported here) suggest that neither of the New Zealand-specific 

variables has an effect on oil prices that is appreciably different from zero.  
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In section 4, we will assume that oil prices follow a random walk, implying that all oil 

price variation is permanent and exogenous. The above findings suggest that doing so is 

not manifestly at odds with the data.  

 

Next, we discuss how the oil price shock affects the other variables in the system. A 

one-standard deviation oil price increase has a very small negative impact on GDP 

growth. At its trough, 4 quarters after the shock, quarterly GDP growth is 0.04 

percentage points below what it would have been if the shock had not occurred. The 

cumulative effect on GDP reaches its trough at 0.12 percent, 6 quarters after the shock. 

The cumulative response at the end of the response window we consider (twelve 

quarters) is 0.09 percent. The GDP response is not statistically significant. 

 
This suggests that oil prices have smaller real effects in New Zealand than in the United 

States. As a caveat to this comparison, note that our sample starts only in 1992, which is 

shorter than the samples of the US studies which we are about to summarize. 

  

Blanchard and Galí (2007) find that in their post-1984 sample, a 10 percent oil price 

increase implies a cumulative long-run decline in GDP of somewhat less than 0.30 

percentage points. For the US economy, Rotemberg and Woodford (1996) and Hooker 

(1996) found a cumulative GDP decrease of 0.60 percent after about one year in 

response to a 10 percent increase in the nominal oil price. The estimates of Bernanke, 

Gertler, and Watson (1997) are at the lower end of the spectrum for estimates on the US 

economy: they suggest a cumulative 0.25 percent loss in GDP two years after a 10 

percent oil price shock. Responding to this estimate, Hamilton and Herrera (2004) 

argued that the true effect is about twice as large. 

 

Now, we discuss the effect of oil prices on inflation and the price level. To this end, we 

consider two VAR specifications, one where tradables inflation includes fuel and one 

where it excludes fuel. Figure 4 graphs the cumulative responses for the latter case. The 

responses are very similar to the case with tradables inflation including fuel. The only 

noteworthy difference is the more muted response in tradables inflation once we 

exclude the direct effect by virtue of petrol prices constituting about 10% of New 

Zealand’s tradable goods CPI. 
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Figure 4: cumulative VAR response, with tradables excluding fuel 

Cumulative response to a one standard deviation innovation  
in the nominal Dubai oil price in NZD   

(with 95% confidence interval) 
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In terms of tradables inflation including fuel, the oil shock has its strongest effect one 

quarter after the shock, with tradables inflation being 0.36 percentage points above what 

it would have been if the shock had not occurred. The effect on tradables inflation dies 

off very quickly, and is virtually zero from about eight quarters after the shock. The full 

effect on the tradables price index after 12 quarters is 0.64 percent.  

 

The effect on tradables inflation excluding fuel is similar in the sense that the oil shock 

has its strongest effect one quarter after the shock, and that the effect on inflation dies 

off quickly. The size of the response is about one-third of the response in tradables 

including fuel. Inflation is 0.12 percent higher after one quarter, and the full effect on 

the non-fuel tradables price index is 0.23 percent. 
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The above results suggest that only about a bit more than one third of the total effect of 

an oil price shock on the tradables CPI is due to changes in prices other than fuel. Our 

findings suggest that both retail petrol prices and the consumer prices of non-fuel 

tradable goods are adjusted quickly, in the sense that most of the effect on petrol and 

non-fuel prices has passed through within eight quarters after the shock. 

   

The positive relation between oil prices and the prices of other tradables plausibly 

reflects a causal relation in the sense that changes in oil prices will affect costs of firms 

operating in many of the tradable sectors, in particular through changes in the firms’ 

transport costs. (To name but a few of the most important tradable goods categories in 

the New Zealand CPI: food, clothing, and household appliances.) 

 

However, the estimated effect may be upward biased because of the likelihood that oil 

prices and the prices of tradable goods –about one-fourth of which are foods- are driven 

by a common factor, such as a world business cycle. As long as some of the effect of 

world demand on tradable prices occurs later than the effect on oil prices, the estimated 

positive effect of oil prices on tradable prices could (partly) reflect simultaneity rather 

than a proper causal relation.  

 

From Figure 3, the oil price shock implies a small contemporaneous and one-quarter 

ahead response in non-tradables inflation, with a cumulative effect of 0.14 percent. 

Thereafter, the effect dies off, with a near-zero effect on both non-tradables inflation 

and the non-tradables price index after twelve quarters. 

 

The immediate but small increase in non-tradable prices suggests that firms that adjust 

their prices upward in response to the oil price shock do so quickly. In the medium run, 

households likely cut back spending somewhat on non-tradables since the increase in oil 

prices represents a decrease in their real wealth. This decline in demand for non-

tradables may be behind the fact that the tradable price index declines back towards its 

pre-shock level. 

  

According to Figure 2, the nominal interest rate increases in response to an increase in 

oil prices, but the interest rate change is small: the ninety-day bill rate increases by 
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about 15 basis points two quarters after the shock and declines thereafter.11 When we 

exclude the interest rate from the VAR, this does not greatly affect the interactions 

between the other four variables. For instance, in a four-variable VAR excluding the 

interest rate, the impulse-response for GDP to oil price shocks is relatively similar. This 

suggests that in New Zealand, a negligible part of the real effect of oil price changes is 

actually due to the monetary policy response, suggesting that the findings of Bernanke, 

Gertler, and Watson (1997) do not carry over to the New Zealand economy. 

 

In conclusion, oil price shocks appear to have a small effect on New Zealand output and 

prices. The cumulative effect of a one-standard deviation oil price shock on GDP 

reaches its trough at 0.12 percent six quarters after the shock. There are some effects on 

inflation until about one quarter after the shock. For instance, tradables inflation 

including fuel is 0.36 percentage points higher one quarter after the shock, while 

tradables inflation ex fuel is 0.12 percent higher. However, oil price changes are priced 

in relatively quickly, and the inflation response dies off quickly. Perhaps the most 

noteworthy effect of a one-standard deviation oil price increase is that it implies a 0.23 

percent increase in the non-tradables price index excluding fuel after twelve quarters. 

 

4. Cointegration-based evidence   

 

The previous section suggested that oil price fluctuations have small aggregate effects in 

New Zealand. The results from the present section will help us understand why this is 

the case. In particular, our results imply that most of the adjustment in response to oil 

price changes occurs through changes in the oil component of aggregate demand, 

without requiring much of an economy-wide adjustment. 

 

First, we will show how firms’ optimal factor allocation decisions imply a long-run 

relation between real oil usage, aggregate real output, and the relative prices of input 

factors including oil. Next, we will formalize our model of short-run adjustment 

towards the long-run relation. Finally, we document the dynamic response of the system 

                                                 
11 The largest response is 25 basis points in the specification with tradables inflation including 
fuel. 
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to an oil price shock, imposing the restriction that in the long run, the variables relate in 

a way consistent with firms’ optimal decisions. 

  

4.1 Long-run relation: optimal oil demand 

 

In this subsection, we derive a relation involving relative factor prices, oil demand and 

aggregate output that should hold in the long run as a result of firms’ optimal choices 

regarding factor allocation.  

 

Assume a representative profit-maximizing firm facing perfectly competitive output and 

factor markets. The firm produces real output tY  as a function of the inputs labor tL , 

capital tK , and oil tO : 

 

),,( tttt OLKFY =                                                             (3) 

 

We assume that the production function F(.) has constant elasticity of substitution and 

constant returns to scale. 

 

The firm sells output at a nominal price tp , and purchases labor, capital and oil at prices 

twp , , tkp ,  and top ,  respectively. Given the assumption of perfect competition, the firm 

takes output prices and factor prices as given. 

 

We consider the firm’s cost minimization problem, which is the dual problem to profit 

maximization. In particular, the firm decides how to allocate resources across the three 

input factors so as to minimize costs for a given level of output. The cost function 

),,,( ,,, totwtkt pppYC  states the value of the minimized cost given the desired level of 

output and given factor prices. In the long run, i.e. disregarding adjustment costs, the 

cost of production is minimized by choosing the optimal input levels *
tK , *

tL  and *
tO for 

each of the three production factors:  

 

         **
,

*
,,,, ),,,( tottwttktotwtkt OpLpKppppYC ++=                                   (4) 
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The optimal input levels constitute the Hicksian demand for each factor conditional on 

the desired output and prevailing factor prices. 

 

According to Shepard’s lemma, under quite general conditions, the derivative of the 

cost function with respect to any factor’s price equals the optimal demand for that 

factor.12 Applied to the oil input, this implies: 

 

                               
to

totwtkt
totwtktt p

pppYC
pppYO

,

,,,
,,,

* ),,,(
),,,(

∂

∂
=                                  (4) 

 

This relation holds if the minimum cost is a non-decreasing function of Y and 

homogenous of degree one in , ,k w op p p . We provide more background for Shepard’s 

lemma in an appendix. Assuming constant elasticity of substitution, we can linearize 

equation (4) as follows: 

 

     totwtkttotwtktt pppYpppYO ,5,4,321,,,
* loglogloglog),,,(log βββββ ++++=      (5) 

 

Equation (5) states that optimized log oil demand is a linear function of log real 

aggregate output and the prices of the three input factors. This equation should hold in 

the long run. In the short run however, firms may not always be at their long-run 

optimal levels of input usage because of the costs involved in adjusting production 

plans. We express oil demand at any point of time as: 

 

ttotwtkt
d
t pppYO εβββββ +++++= ,5,4,321 logloglogloglog ,                  (6) 

 

where actual oil demand diverges from the long-run relation with production and input 

factors by a residual tε . Theoretically, any deviation from the long-run relation should 

at some stage be undone, implying that in the long run, actual oil demand equals its 

optimal value *
tO  given the desired output level and given factor prices. Therefore, in 

                                                 
12 See Mas-Colell, Whinston, and Green (1995), section 5.C, and in particular Proposition 5.C.2 
(vi). 
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theory the residual tε  is stationary and the variables in equation (6) are cointegrated. 

We will test this hypothesis later in this section.  

  

In equation (6), the income elasticity 2β  is typically positive since it captures a scale 

effect: producing more output will tend to require more factor inputs. The coefficients 

3β  on the price of capital and 4β  on wages should theoretically be positive. The reason 

is that in the Hicksian demand framework, production factors are substitutes by 

definition. Therefore, an increase in the price of one factor theoretically implies an 

increase in the demand for other factors. Finally, we would expect the coefficient 5β  on 

the price of oil to be negative as firms will tend to purchase less oil if it becomes more 

expensive. 

 

4.2 Short-run dynamics 

 

Now, we describe the VECM (or cointegrated VAR) framework which we will use for 

analyzing how the long-run relation involving optimal oil demand is restored after a 

permanent change in oil prices.  

 
Our system governing short-run dynamics consists of the five variables entering the 

long-run relation, equation (6). The reduced form of the system can be summarized as 

follows: 

 

,

1

1 ,
1

(7 )

(7 )

t x t

p

t t t i t i y t
i

a x a u

b y c x z z uδ
−

− −
=

Δ = +

Δ = + ΛΔ +Π + Δ +∑
                                     (7) 

 

In (7b), tz is a five-by-one vector which stacks an exogenous variable tx and a vector of 

endogenous variables ty , i.e.  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=

t

t
t y

x
z  ,                                                  (8) 
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where tx  is a scalar capturing the real price of oil, and ty is a 4x1 vector of potentially 

endogenous variables including the real price of capital, the real wage, real output and 

real oil usage. All variables are in logarithms.  

 

According to (7a), the log relative oil price evolves as a random walk with drift. Recall 

from our VAR results in section 3 that modeling oil prices as a random walk is broadly 

in line with the data. We treat the tx  vector as a long-run forcing variable following the 

cointegrating system approach developed by Pesaran, Shin, and Smith (2000). 

 

By virtue of equation (7b), the four components of the endogenous ty  vector depend on 

lagged growth rates of all five variables in the system as well as on contemporaneous 

relative oil price inflation. Λ  is a 4x1 vector while the iδ ’s are 4x5 matrices with short-

run coefficients. The endogenous variables in principle respond to the cointegration 

residual. To see this, write 1−Π tz as 1' −tzαγ . Π  is a 4x5 matrix which has reduced rank 

r<4, where r is the number of cointegration relationships in the system. The 4xr 

matrixα contains the loading coefficients on the cointegrating residual(s), while the rx5 

matrix 'γ  contains the cointegration vector(s). In the case of one cointegration relation, 

11' −− = ttz εγ , that is to say, it equals the cointegrating residual from equation (6). 

 

To estimate the rank of the Π -matrix and to estimate the cointegrating space, we follow 

Pesaran, Shin, and Smith (2000). Unlike the Johansen (1988) approach which is 

standard in case all cointegrated variables are endogenous, the Pesaran, Shin, and Smith 

(2000) approach allows for cointegration between exogenous and endogenous I(1) 

variables.  

  

The system has a five-by-one vector of reduced-form errors tu  which can be written as: 

                                                         ⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

ty

tx
t u

u
u

,

, ,                                                            (9) 

where txu ,  is a scalar capturing the error of the exogenous oil price process, and tyu ,  is a 

four-by-one vector capturing the errors of the equations corresponding to each of the 
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four endogenous variables. tu is a white noise error vector with zero mean and non-

singular covariance matrix uΣ . 

 

To identify the structural innovations, we impose a recursive structure on the variance-

covariance matrix of the reduced-form residuals, as we are about to explain. Consider 

the structural representation of the five-equation system:  

 

                 
1

1
1

p

t t t i t i t
i

A z x z zγ λ ξ ν
−

− −
=

Δ = + Δ + Ψ + Δ +∑ ,                                  (10) 

 

where tν  is a 5x1 vector of structural disturbances with mean zero and covariance 

matrix νΣ . In order to be able to compute the impulse-responses to structural shocks, 

we relate the reduced-form disturbances tu  to the structural shocks tν . By pre-

multiplying equation (10) by 1A− , we obtain the reduced-form representation of the 

system, as written in equation (7), or, in more compact form: 

 

                                  ∑
−

=
−− +Δ++Δ+=Δ

1

1
1

p

i
titittt uzzxcz ηπξ ,                                    (11) 

where: 
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The relation between equations (10) and (11) implies that tt Au ν1−= , such that we can 

identify the structural innovations tν  from the estimated reduced-form residuals tu  by 

imposing identification assumptions on the matrix 1A− .  

 

In particular, we assume that 1A−  is lower triangular, implying a recursive ordering 

according to which variables entering higher up in the tz -vector are contemporaneously 

exogenous to variables that appear lower in the ordering.  
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We order the relative oil price first, i.e. we assume that the real oil price shock does not 

depend contemporaneously on any of the structural shocks to the other variables. 

Conversely, the other variables depend contemporaneously on oil price shocks. We 

order the relative price of capital second, real wages third, oil demand fourth, and real 

GDP last.  (As for the assumption on oil prices, note that we already restricted the 

relative oil price to be exogenous to lags of the other variables by assuming that it 

follows a random walk.) 

 

In any case, our main conclusions are robust to varying the order of the four 

endogenous variables. Our results are also robust to omitting the price of capital and 

real wages from the system. 

 

4.3 Results   

 

We briefly discuss the data before turning to the results. As before, our sample 

comprises the period 1992Q1-2008Q3. The long-run equilibrium equation for oil 

demand presumes that all variables, including the prices of production factors, are in 

real terms. In our baseline estimation, we capture oil demand by the sum of aggregate 

observed petrol and diesel consumption in thousands of tons.13 As in section 3, we use a 

production-based measure of real GDP. To measure the relative price of capital, we use 

the capital goods price index deflated by the CPI. To measure the real wage, we use 

aggregate average hourly earnings deflated by the CPI. For the relative price of oil we 

use the weighted average of petrol and diesel retail prices in New Zealand dollars, 

deflated by the CPI.  

 

Table 1, in the appendix, describes the data set. Table 2 reports the results of 

Augmented Dickey-Fuller tests and Phillips-Perron tests for a unit root. We cannot 

reject the null hypothesis of a unit root in any of the variables, but can reject the 

hypothesis that the variables are non-stationary in differences. Therefore, the test results 

suggest that all variables are integrated of order one.  

 

                                                 
13 Our results are robust to using the volume of petrol deliveries instead (in thousands of tons). 
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We select the optimal lag length of the VECM equations by minimizing the multivariate 

Akaike Information Criterion. Following that criterion, we estimate a VECM with one 

lag of the growth rates, as well as with contemporaneous oil price growth.  

  

Recall that we use the Pesaran, Shin, and Smith (2000) technique to estimate the order 

of cointegration. This methodology differs from the more common Johansen procedure 

on two counts. First, the coefficient estimates will be slightly different than in 

Johansen’s procedure because we impose that one variable is exogenous. Secondly, we 

test the rank of matrix Π  by using the critical values in appendix B of Pesaran, Shin, 

and Smith (2000). 

 

Table 3 contains the results of the Pesaran, Shin, and Smith (2000) cointegration tests 

for both a statistic based on the trace of the Π -matrix and a statistic based on the 

maximum eigenvalue of the Π -matrix. In both cases, we cannot reject the hypothesis 

that there is one cointegrating vector at the 5% level.  

 

The estimated long-run relationship is as follows: 

 

ttotwtkt
d
t pppYO ε+−+++= ,,, log

)02.0(
12.0log

)10.0(
08.0log

)14.0(
13.0log

)12.0(
86.0

)69.0(
66.4log

   (13) 

 

We obtained standard errors (in parentheses) using the asymptotic matrix of variances 

and covariances of the cointegration vectors. This asymptotic result comes from the 

optimization of the likelihood function of the VECM. 

 

Keeping other variables constant, a permanent one-percentage point increase in GDP 

implies a long-run 0.86 percentage point increase in the demand for oil, i.e. the 

combined demand for petrol and diesel. That is, the demand for oil increases less than 

one-for-one with permanent increases in output. Recall that the oil-to-GDP ratio 

decreases in much of our sample. This period of decreasing oil intensity is consistent 

with an income-elasticity smaller than one. The coefficients on the price of capital and 

labor earnings are positive but statistically insignificant. This suggests that firms treat 

oil as a substitute, but not a very close substitute, to either labor or capital. 
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In addition, the demand for oil depends negatively on the price of oil. The own-price 

elasticity is quite small albeit statistically significant. Since oil demand is less than unit-

elastic, a permanent increase in the price of oil will tend to increase oil usage in nominal 

terms. 

 

Figure 7 plots actual oil usage versus estimated optimal oil usage, as well as the 

cointegration residuals. Table 4 tests for a unit root in the cointegration residuals. Both 

the graphs and the tests suggests that the cointegration residual is stationary.  

 

Table 5, in the appendix, represents the estimation results for the four equations for 

endogenous variables in the VECM. As for the oil price equation, it suffices to say that 

the drift term was small and insignificant.  

 

From the coefficients on the error-correction term in the four reported equations, it 

appears that only oil usage responds to the error correction term at the 5% significance 

level. In particular, oil usage systematically acts to restore equilibrium. On the other 

hand, real GDP tends to lead the system further away from equilibrium.  

 

Remember that the price of oil is exogenous in our system, and therefore does not error-

correct by definition.  

 

Now, we discuss the impulse-responses to a one-standard deviation increase in the retail 

price of oil. Since we impose that the long-run responses satisfy the estimated 

cointegration relation, we will be able to quantify more precisely what the contribution 

is of each of the variables to restoring equilibrium. Figure 5 plots the impulse-responses 

in growth rates. Figure 6 shows the variables in levels, as well as the implied 

cointegration residual.  

 

We first quantify the variables’ responses one by one, before turning to their 

interactions and the economic interpretation. 

 

Since we modeled oil prices as a random walk, any change in oil prices is by definition 

permanent. The one-standard deviation shock amounts to an increase in the relative 

price of oil by 6.95 percent, after which the relative price stays constant at its new level. 
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The most noticeable response is the strong decrease in oil demand for three quarters 

after the shock. The cumulative effect after twelve quarters –which we term the ‘long-

run effect’- is a decline in oil demand of 0.86 percentage points. 

 

The one-standard deviation oil price impulse implies noticeably negative GDP growth 

for only one quarter after the shock. Subsequently, GDP stabilizes, with an accumulated 

GDP loss of 0.22 percent in the long run. 

 

Figure 5: VECM impulse-response in growth rates 

Response to a one standard deviation innovation  
in the relative price of oil 

(Dubai oil price in NZD, deflated by the NZ CPI) 

0 5 10
0

5

Real Oil price growth

%

0 5 10
-0.4

-0.2

0

0.2
Real GDP growth

%

0 5 10
-0.4

-0.2

0

0.2
Real wage growth

%

0 5 10
-0.4

-0.2

0

0.2
Oil demand growth

%

0 5 10
-0.4

-0.2

0

0.2
Real capital cost growth

%

 
The bulk of the effect on the relative capital price also takes place in the first few 

quarters after the shock.  The cumulative long-run effect is for capital prices to increase 

by 0.29%. 

 

The effects on the real wage are an order of magnitude smaller than those on the capital 

price. This suggests that at any point of time, nominal wages adjust proportionally to the 

price level. Therefore, real wages are always near their long-run response level, which 
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suggests that real wage rigidities do not play an important role in the transmission of oil 

price shocks to the economy.  

 

The discussion above suggested that all variables attain their long-run levels within a 

few quarters, which is in line with the fact that the error-correction residual tε  is 

virtually zero from the fourth quarter after the shock on. 

 

Figure 6: cumulative VECM response, in logarithms 

Cumulative response to a one standard deviation innovation  
in the relative price of oil 

(Dubai oil price in NZD, deflated by the NZ CPI)  
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The interesting feature of Figure 6 is that the impulse-responses will be related so as to 

satisfy the estimated equation (13) in the long run. This implies that the cumulative 

long-run effect of the five variables in the system on the cointegration term needs to 

sum to zero. Therefore, we can use the long-run responses to quantify the contribution 

of each of the variables to restoring the equilibrium relation after the oil price shock.   

 

Taken by itself, the oil price impulse implies a positive error-correction term of 0.71 

percent at the time of the shock. (We compute this simply as the size of the long-run oil 
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price change times its elasticity in the cointegrating vector.) We interpret this 

cointegrating residual as meaning that, all other things equal, oil demand would have to 

decrease by 0.71 percent in the long run. However, other things do not remain equal. In 

particular, output declines, and capital prices increase, in the aftermath of the oil price 

increase. These factors modify the required long-run oil demand response. We are about 

to explain likely reasons behind the output and capital price responses, and compute 

how each response affects error-correction. 

 

We will state two mechanisms which imply that the decrease in real GDP is a plausible 

consequence of the increase in oil prices. While theory on cost minimization considers 

firms’ factor allocation decisions for a given level of output, fully profit-maximizing 

firms also optimally choose the level of output. An increase in oil prices constitutes an 

increase in marginal cost. As long as marginal revenue is decreasing in output, the 

increase in oil prices therefore implies that it is optimal for the firm to lower production.  

 

Empirically, some of the GDP response to oil prices may be due to the fact that the 

increase in oil prices implies a decrease in households’ real wealth. Such consumer 

wealth effect plausibly implies a decline in consumer demand for the domestically 

produced goods which enter GDP. 

  

The decrease in GDP tends to increase the cointegrating residual and therefore works 

against error-correction. Economically, the decrease in firms’ desired output implies 

that the level of oil input required drops somewhat further than it would have done in 

response to the oil price increase alone. Concretely, the long-run decrease in GDP, taken 

by itself, calls for a further 0.19 percent decrease in oil usage. 

 

Capital prices also increase after the oil price increase. Empirically, the increase in the 

prices of capital could be due to firms increasing their demand for this production factor 

as they substitute away from oil. Alternatively, remember from the VAR evidence in 

section 3 that the increase in oil prices was correlated with increases in the price of 

tradable consumer goods. Similarly, investment goods are typically tradable, such that it 

is not implausible to suppose that the cost of capital increases along with the price of 

oil, for instance because they both represent a world boom.   
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The increase in the relative price of capital has a small equilibrium-restoring effect. The 

increase in the price of capital implies only a small degree of substitution towards oil: it 

calls for an increase in oil demand of 0.04%.  

 

Taken together, the above figures for the effect of oil prices, GDP, and capital prices on 

the error-correction term imply that oil demand has to decline by 0.86 percentage points 

in the long run in order to achieve equilibrium. Therefore, our computation confirms 

that oil demand is the single most important variable restoring equilibrium. It 

compensates for the oil price increase as well as for the implied decrease in real GDP. 

 

5. Conclusion 

 

Our results suggest that the New Zealand economy is sufficiently flexible to adjust 

quickly to permanent oil price changes. The dynamic adjustment towards a new long-

run equilibrium occurs within about a year after the oil price shock. Four to six quarters 

after the oil price shock, most of the total response in price levels has occurred, and 

most of the real effects have taken place. This suggests that prices are flexible in the 

face of oil price shocks, and that production plans can be re-optimized at a fast pace. 

 

Furthermore, we find that permanent oil price shocks have a relatively small, albeit non-

trivial, long-run effect on output and prices. In particular, a one-standard deviation 

increase in relative oil prices implies a cumulative long-run decrease in real output of 

0.22 percentage points. A one-standard deviation nominal oil price shock leaves no 

measurable effect on inflation eight quarters after the shock, but has a long-run effect on 

the tradables price index of 0.64 percentage points, while that on the non-fuel tradables 

price index is 0.23 percentage points. 

 

Our results based on cost minimization reveal that most of the adjustment to a 

permanent oil price increase occurs through a decrease in the oil component of 

aggregate demand. Since oil demand is sufficiently price-elastic to restore equilibrium 

relatively quickly, oil price fluctuations require few adjustments in other sectors of the 

economy. 
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Appendix: Tables 
  
 
 

Table 1: Data 
y:     Real GDP (SA) 
pk:   Capital goods price index  
pw:    Average hourly earnings  
oilcons:  Oil consumption (petrol + diesel), tones 000s (SA) 
po: Weighted average real retail price of oil 
 
Note: all variables are in logs and in real terms 

 
 
 

Table 2: Unit root tests 
     (a) In levels   (b) In differences 
 ADF P&P      ADF    P&P 
          
 Real GDP 0.908 0.780     0.000     0.000 
 Capital goods price index  0.995 0.996      0.002     0.002 
 Average hourly earnings  0.157 0.166      0.000     0.000 
 Oil consumption (petrol + diesel), 000s of tones 0.466 0.518      0.000     0.000 
 Weighted average real retail price of oil 0.936 0.922        0.000     0.000 
 
Notes: for the Augmented Dickey-Fuller test as well as for the Phillips-Perron test, 
the table reports p-values under the null hypothesis of a unit root. 
We selected the optimal  lag length using the Schwarz Information Criterion 
  
  
    
 
 

Table 3: Rank test 
Null hypothesis Alternative hypothesis       

H0 H1 Test static   5% critical values   10% critical values
(a) Trace statistic       

r  = 0* ≥1 80.21 58.63 54.84 
r <= 1 ≥2 37.13 38.93 35.88 
r <= 2 ≥3 15.42 23.32 20.75 
r <= 3 ≥4 2.93 11.47 9.53 

(b) Maximum eigenvalue statistic      
r  = 0* 1 43.08 30.71 28.27 
r <= 1 2 21.71 24.59 22.15 
r <= 2 3 12.49 18.06 15.98 
r <= 3 4 2.93 11.47 9.53 

*Both the Trace statistic and the Maximum Eigenvalue statistic reject the null hypothesis of no 
cointegration at the 5% level of confidence. The results suggest the existence of a single 
cointegration vector. 
 We obtained the critical values from Pesaran, Shin, and Smith (2000), p. 340. In particular, we 
use the critical values for case III, which is the case with unrestricted intercepts and no trends. 
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Figure 7: actual, fitted, residual plot for cointegrating relation 
 

 
Note: the top schedule graphs actual oil demand with the fitted value from equation 
(13), where the latter represents long-run optimal oil demand. The bottom schedule 
graphs the cointegration residuals from equation (13). 
 
 
 
 
 

Table 4: Unit root tests on the cointegrating residuals  
  p-value   

Specification No constant Constant Constant & trend 
ADF 0.0002 0.0033 0.0134 
P&P 0.0002 0.0033 0.0127 

Note: this table reports results from stationarity tests on the residuals of the 
estimated cointegrating relation equation (13). 
Both the Augmented Dickey-Fuller and the Phillips-Perron test reject the null
hypothesis of a unit root in the residuals 
(Optimal lag selected with Schwarz and Akaike information criterion for ADF  
Newey-West using Bartlett kernel, for Phillips-Perron test.) 
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  Table 5: VECM estimates         
  dlog(GDP) dlog(pk) dlog(pw) dlog(oilcons)         
  beta Tstat beta tstat beta tstat beta tstat   

dlog(GDP)(-1) 0.20 1.60 0.03 0.43 -0.16 -1.37 -0.07 -0.24         
dlog(pk)(-1) 0.33 1.63 0.43 3.68 -0.03 -0.13 0.49 1.07         
dlog(pw)(-1) 0.04 0.26 -0.13 -1.54 0.00 0.01 -0.14 -0.41         

dlog(oilcons)(-1) -0.12 -2.18 0.04 1.18 0.06 1.13 -0.95 -7.57         
dlog(po)(-1) -0.04 -2.39 0.03 2.74 0.00 -0.17 -0.05 -1.48         

dlog(po) -0.01 -0.52 -0.02 -1.88 -0.03 -2.25 -0.03 -0.81         
Error-correction term -0.10 -1.47 0.04 0.96 0.02 0.36 -1.03 -6.80         

Constant 0.00 0.20 0.00 0.69 0.00 1.13 -0.06 -5.83         
R-squared 0.249 0.341 0.148 0.551   

Adjusted R-squared 0.157 0.260 0.044 0.495         
 
Notes:  
-The error-correction term is the cointegrating residual from equation (13), and equals the  
difference between actual oil usage and the level of oil demand consistent with long-run equilibrium.  
The price of oil follows a random walk as in equation (7a). 
-All variables except the error-correction term enter in quarterly log changes. 
-GDP stands for real GDP; pk stands for the relative price of capital; pw stands for the real wage;  
oil cons stands for oil usage, defined as the sum of observed petrol and diesel consumption in  
thousands of tones; oilprice stands for the average of the retail prices for petrol and diesel. 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


