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Abstract

This paper provides empirical evidence on the effects of Chinese resource
demand on the resource rich natural resource supplier using the example of Aus-
tralia. A structural VAR model is used to examine the effects of Chinese resource
demand, commodity prices and foreign output on the macroeconomy with a for-
mally specified mining and resources exports sector. The key findings of the
paper are that shocks to Chinese demand and commodity prices result in a sus-
tained increase in commodity prices and mining investment and a positive impact
on the resources sector. However, these shocks eventually lead to lower real do-
mestic output with factors of production moving out of the non-resources sectors
and into the resources sector, resulting in a fall in non-resource sector output
which is not fully offset by the rise in resources sector output. The results also
indicate some market power by the natural resource supplier.

*The authors thank Michael Harris and Hilde Bjornland for helpful comments. Author contact
details are mardi.dungey@utas.edu.au; renee.mckibbin@anu.edu.au. McKibbin acknowledges support
from ARC Discovery Project DP0664024.



1 Introduction

The sustained rapid industrialization and urbanization of emerging economies of the
1990s to the mid-2010s has driven unprecedented demand for natural resources (Roache,
2012). Much of this demand is driven by growth in China. Industrialization causes
booms in demand for metals in particular (Humphreys, 2010), and by the end of the
first decade of the 21st century China accounted for approximately two-thirds of world
iron ore demand, around one-third of aluminum ore demand and more than 45 per cent
of global demand for coal (Roberts and Rush, 2010). While China expanded domestic
metals production during this period as exemplified by the rapid increase in Chinese
steel production, demand for resources was unable to be satisfied domestically and
imports from resource rich countries were a feature of this boom. Although there were
considerable concerns about global overcapacity for steel production around the turn
of the century, this has proven unfounded (Connolloy and Orsmond, 2011). There are
potentially substantial spillover effects of rapid industrialization of this nature to other
markets. This paper looks at the issue of the effects of an extensive and sustained
resources boom transmitted to the macroeconomy of the source of natural resources
using the example of China and Australia. Over the period in question, Australia
experienced an externally driven resources boom that resulted in a surge in mining
investment and output, with a significant part of this drive emanating from China
(Plumb, Kent and Bishop, 2013; Battellino, 2010; Zhang and Zheng, 2008).

For the resource rich economy, externally driven booms have important policy im-
plications. For example, there is a long history on the effects of the presence of Dutch
Disease (see for examples Corden and Neary, 1982; Corden, 1984; Sachs and Warner,
1999; Gylfason et al. 1999; Stijins, 2005; Beine, Bos and Coulombe, 2012), Vespignani
(2013) shows that Australian monetary policy is ineffective in altering conditions for
the mining industry during resource booms, and the fiscal implications arising from
large profits in the resources sector can be substantial. See the debate on the mineral
resource rent tax in Australia (Mercer, 2011) and the role of soverign wealth funds
in resource rich economies (Truman, 2011). To capture the impact of the resources
boom on a resource rich small open economy and to analyze the surrounding issues,
the modelling framework developed in this paper interacts a foreign sector consisting of
Chinese resource demand, world commodity prices and world output, with a domestic
resource sector of mining investment, real exports and the exchange rate, and also with
the macroeconomy. The questions addressed are: i) what are the effects of shocks from

a rapidly growing emerging economy extracting resources from a developed natural



resource rich economy on aggregate economic outcomes such as output growth, the
interest rate, inflation and the exchange rate of the natural resource supplier; ii) how
does the transmission of these shocks compare to general commodity price shocks once
the China effects are abstracted from; iii) how does the transmission of these shocks
compare to general foreign output shocks that are not dominated by resource demand;
iv) how does the domestic resource export sector and the domestic mining sector re-
act to the rapidly growing emerging economy under these circumstances; v) and how
does mining investment and other economic activity in the natural resource economy
feedback to affect the resource sector in the boom economy?

The Australian economy is a natural choice to examine the issues canvassed above.
Australia’s terms of trade rose significantly over the past decade, reaching a record high
in September 2011 (Figure 1). Over this period, the price of exports increased sub-
stantially primarily due to Australian resource exporters receiving higher commodity
prices as demand for Australian resources boomed (Figure 2). Most notably, increased
demand from steel producers, especially in China, drove up the prices of iron ore and
coal. Rayner and Bishop (2013) estimate that resource extraction alone accounted
for 11.5 percent of Australian Gross Value Added in 2011/12. Due to higher global
commodity prices and the associated rise in the terms of trade, the level of Australia’s
income was boosted, and resulted in a ‘once-in-a-century boom in mining investment
and the terms of trade’ (Lowe, 2012); see also Figure 3. Revenue from mining increased
at an average annual rate of around 15 percent in the first decade of the 21st century
(Connolly and Orsmond, 2011); due not only to higher commodity prices, but also
increasing output (Mudd, 2010).

The modelling framework is a structural vector autoregression (SVAR) model com-
monly used in empirical macroeconomics as a convenient data driven tool for quantify-
ing the dynamic effects of shocks originating in different parts of an economic system
on other variables. That is, it represents an empirically estimated system of dynamic
interactions across the economy rather than a single equation approach such as earlier
work on China’s demand for Australian iron ore in Tcha and Wright (1999) or a theo-
retically motivated description of stylized facts as in Plumb, Kent and Bishop (2013).
While SVAR models of Australia have previously considered the effects of shocks to the
relative price of international commodities via either commodity price indices, or terms
of trade variables, none have directly considered the growing impact of China’s demand
for resources on Australia (Dungey and Pagan, 2000; Berkelmans, 2005; Lawson and
Rees, 2008; Liu, 2008; Jisskeld and Smith, 2011). This paper extends the model of
Dungey and Pagan (2000) to include factors specific to the resources sector. While



other studies include commodity prices, this study also includes a Chinese resource
demand resources variable, resource exports and a mining investment indicator.

The key findings of the paper are that shocks to Chinese steel production and com-
modity prices result in a sustained increase in commodity prices and mining investment
of around 40 years, and are likely to result in a positive impact on the resources sector
in terms of resource exports and mining investment. However, in the longer term there
is some evidence of Dutch Disease as these two shocks result in lower real domestic
output after the first year, with factors of production moving out of the non-resources
sectors and into the resources sector, resulting in a fall in non-resources sector output
which is not fully offset by the rise in resources sector output.! The results also in-
dicate that large natural resource suppliers have some market power in the pricing in
commodity markets. After six years, 10 — 13 per cent of the variablility of the Chinese
steel production variable and the commodity price variable comes from shocks in Aus-
tralian inflation. Finally, for resource exports, it is the booming sector in China and
world demand rather than commodity prices and the exchange rate that are important
in the longer term.

The paper proceeds as follows. Section 2 presents the empirical framework de-
veloped to analyze the questions above, outlines the data and sample as well as the
modelling identification assumptions chosen. Section 3 presents results illustrating the
effects of a resource boom on the resource rich economy. This section presents the
model impulse response functions for shocks to Chinese resource demand, commodity
prices and to foreign output, and is followed by analysis of the variance decompositions
of the model focusing on the decompositions for the external sector and output in Aus-
tralia. Some robustness to alternative definitions of the key variables in the model is

also provided. Section 4 concludes.

2 Empirical Framework
An SVAR model describes the interaction between a set of variables, X;, as
B(L)X; = ¢, (1)

where B(L) is a p™ order matrix polynominal in the lag operator L, B(L) = By—B;L—
ByL?—...— B,LP. By is a non-singular matrix normalized to have ones on the diagonal

and summarizes the contemporaneous relationships between the variables in the model

! Although the model can obtain some insights on the presence of Dutch disease, our focus is not
directly on sectoral adjustment.



contained in the vector X;. Here X; is a n x 1 vector of endogenous macroeconomic
variables. The n x 1 vector ; contains the serially uncorrelated structural shocks which
are identified by placing parametric restrictions on By and which has the properties
Eciel, = D and Feigps = 0, for all s # 0. D is a diagonal matrix containing the
variances of the structural disturbances.

The reduced form VAR representation of the structural model is
A(L)Xt = Uy, (2)

where A(L) is a matrix polynomial in the lag operator L, and where A(L) = By ' B(L) =
I— A L—AyL?—..— A,LP. The vector of serially uncorrelated reduced form distur-
bances is u; with mean zero and variance covariance matrix Fuyuy; = 3, Fuu;, , = 0,
for all s # 0. The structural disturbances and the reduced form residuals are related
by u; = Bypey.

There are five methods for recovering the parameters in the structural form equa-
tions from the estimated parameters in the reduced form equation (Fry and Pagan,
2011). This paper places restrictions informed by economic theory on the contempora-
neous structural parameters. The results are analyzed in Section 3 by calculating the
impulse response functions of the structural shocks on the system and through variance
decompositions of the key variables in the model from the parameters of the SVAR.
See Hamilton (1994) for further details on their calculation.

Estimation of the model takes place in EViews following Amisano and Giannini
(1997). The method estimates a form of the SVAR known as an AB SVAR with
Auy; = Be;. The A matrix contains the contemporaneous parameters and the B matrix
controls the variance-covariance matrix of the structural innovations. The structural
innovations €; are assumed to be orthonormal, such that the covariance matrix is an
identity matrix Fe;e} = D = I. The assumption of orthonormal innovations ; imposes
identifying restrictions on A and B: AX A" = BB’ which requires at least (k* + k)/2

restrictions to be imposed on the parameters of the A and B matrices.

2.1 The data and sample

There are nine variables included in X;. The external sector variables include a Chinese
resource demand variable (¢sp;), real commodity prices (pc,), foreign output (yw,) and
the real value of Australian resource exports (resz;). The domestic variables include
a mining sector variable (mininv;), domestic output (yd;), the inflation rate (pd;), the
cash rate (rd;) and the real exchange rate (¢;). All data are quarterly. Appendix A

contains a full description of the data and their sources.
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A Chinese resource demand variable (csp;) accounts for China’s demand for inputs
into steel production (see Tcha and Wright, 1999; Feng, 1994; and Zhang and Zheng,
2008 for work on China’s demand for iron ore from Australia in particular). Three
different options for this variable are considered. These are Chinese steel production,
Chinese manufacturing exports and the Chinese industrial production index. Chinese
steel production is the most directly related variable for Chinese resource demand, so
this is the variable used in the baseline specification. The alternatives, are supported
by evidence from Roberts and Rush (2010) that China’s manufacturing exports are a
significant driver of its demand for Australia’s resource commodities in recent decades,
and Chinese industrial production as a more general measure of demand in the Chinese
economy.?

The international relative price variable used in this paper is the real commodity
price index (pc;) and given the focus on the effects of external resource demand on
the resource rich economy of Australia, the Reserve Bank of Australia (RBA) Index
of Commodity Prices in US dollars is chosen. This index includes prices of twenty of
Australia’s key commodities which account for 85 per cent of primary commodity earn-
ings (RBA 2009). Berkelmans (2005) and Lawson and Rees (2008) also include real
commodity prices in their Australian SVAR studies, while Dungey and Pagan (2000;
2009) use the terms of trade, Brischetto and Voss (1999) include world oil prices and
Jasiskeld and Smith (2011) include import price inflation and export price inflation.
This paper uses commodity prices rather than the terms of trade to specifically un-
derstand the interaction of commodity prices with other key macroeconomic variables
(see also Sims 1992; Berkelmans 2005; Lawson and Rees, 2008).

The foreign output variable (yw;) is measured as the export-weighted real GDP of
Australia’s major trading partners, which includes China. This is the same measure
as used in Jédskeld and Smith (2011).

The real value of Australian resource commodities exports (resx;) is the fourth
external sector variable in the model. Higher commodity prices have had a significant
impact on the value of Australian resource exports over the past decade, which has
flowed through to higher income, investment, tax revenue and employment in the
resources sector (Connolly and Orsmond, 2011). The definition of resources exports
follows the ABARES (2011) definition of mineral exports, which is metal ores and coke
and coal, and does not include oil which is relatively less important for Australia.

A mining indicator (mininwv;) is included to examine the effect of the external factors

on the Australian resources sector. Mining gross value added and mining investment

2Chinese GDP growth is taken into account in the foreign output variable.



are considered, with mining investment chosen for the baseline model.

The Australian macroeconomic variables are GDP (yd;), inflation (pd;) , an interest
rate (rd;) and the exchange rate (¢;) . We use inflation rather than the price level, as the
objective of monetary policy in Australia is the inflation target (Dungey and Pagan,
2000 and Berkelmans, 2005, and for an alternative Brischetto and Voss, 1999). The
overnight cash rate is chosen as the interest rate variable as it has been the main mon-
etary policy instrument since the floating of the Australian dollar in December 1983.
The exchange rate is represented by the real trade-weighted index calculated by the Re-
serve Bank of Australia. These variable choices are largely consistent with Brischetto
and Voss (1999), Dungey and Pagan (2000, 2009), Berkelmans (2005), Lawson and
Rees (2008) and Jééskeld and Smith (2011)

The model is estimated using quarterly data from March 1988 to June 2011 for
T = 94 observations. Many Australian SVAR studies begin in the post-float period,
usually the fourth quarter of 1983 or the first quarter of 1984, however the start date
of this sample is later due to the mining investment data series beginning in 1988.
The sample end date is consistent with Jédskeld and Smith (2011). As in Dungey and
Pagan (2000) and Dungey and Fry (2009), the non-stationary variables are all linearly
detrended and expressed in log form, with the exception of the inflation rate which is
in percentage point terms.?

The lag length specification tests suggest that either one (Schwartz Bayesian Infor-
mation Criterion), two (Hannan-Quinn information criterion) or seven (Akaike Infor-
mation Criteria, Likelihood Ratio) lags should be included. Including too many lags
risks over-parameterising the model (Hamilton 1994), so a lag length of p = 2 is chosen.
Dungey and Pagan (2000), Berkelmans (2005) and Lawson and Rees (2008) use three
lags while Brischetto and Voss (1999) use six lags.

3Statistical testing shows that the SVAR has stable roots.



2.2 Identification

Structural shocks in the SVAR are identified by placing restrictions on the contempo-

raneous impact matrix

1 0 0 O 0O 0 0 0 0 CSpy
by 1.0 O O O O 0 O je
b31 b32 1 0 0 0 0 0 0 Ywy
b41 b42 b43 1 0 0 0 0 0 TesT
B[)Xt = b51 b52 b53 b54 1 0 0 0 0 mz’ninvt

ber be2 bes bes bes 1 0 0 O ydy

0 b72 0 0 b75 b76 1 0 0 pdt

0 bgz 0 0 bg5 686 b87 1 0 r dt

| b91 bo: b93 b94 b95 b96 b97 b98 1 1 L qt |

The contemporaneous matrix By is essentially lower triangular, with the assumption
that domestic variables do not affect foreign variables contemporaneously as Australia
is a small open economy. Australia is able to affect the external sector with a lag given
the possibility of commodity exporting countries having some degree of market power
in the resources sector by being able to pass on domestic cost increases (Clements and
Fry, 2008; Dornbusch, 1987; Sjaastad, 1998a,b).

The Chinese resource demand variable is ordered first with the expectation that this
resources demand will have flow on effects to commodity prices and foreign output. As
in Brischetto and Voss (1999) and Berkelmans (2005), commodity prices are ordered
before the foreign output variable. The foreign variables affect domestic variables
contemporaneously, with the exception of the interest rate and inflation which is only
affected through the lag structure. As in Berkelmans (2005) and Lawson and Rees
(2008) domestic monetary policy and inflation will not react immediately to shocks to
foreign output, and this is extended to the Chinese demand variable and Australian
resource exports. Inflation responds immediately to domestic output, which is common
in Australian SVAR studies (Brischetto and Voss, 1999; Dungey and Pagan, 2000). The
exchange rate is assumed to respond contemporaneously to all variables, as is common
in SVAR studies.

3 Effects of a Boom on a Resource Rich Economy

This section analyses the impulse responses of one standard deviation innovations to
the booming sector of Chinese resource demand (csp;), commodity prices (pc;) and
to foreign output (yw;). These impulse responses illustrate the dynamic effects of

structural shocks on each variable in the model, providing a useful insight into the
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relationships between variables. Asymptotic standard errors of two standard deviations
for the impulse responses are illustrated in the figures. The impulse responses functions

are presented over 24 quarters or 6 years.*

3.1 Shock to Chinese resource demand

The shock to Chinese steel production (csp;) results in higher steel production in
China for more than six years (Figure 4). In response to this shock, despite the
increase in global supply, commodity prices received by Australian resource exporters
rise reflecting that it is demand driving the booming Chinese economy. The rise in
commodity prices peaks five quarters after the shock at 3.8 per cent above the baseline.
They remain above the baseline for quite some time, and at the end of the sixth year
after the shock are still 2.6 per cent higher than their original level. They eventually
return to baseline after about 40 years, supporting analysis that suggests the effects of
higher demand from China may be very long-lived indeed; see for example Humphreys
(2010).

The Chinese resources demand shock initially has an expansionary effect on the
Australian economy. Although mining investment initially falls, possibly due to the
existence of a delay between the onset of higher commodity prices and the ramp up
of mining investment noted in Plumb, Kent and Bishop (2013), mining investment
remains above the baseline from the second quarter onwards, stabilizing at approxi-
mately 3.0 per cent above the baseline, six quarters after the shock. Domestic output
increases as a result of the shock, remaining above its baseline level for the first six
quarters. It then drops off in response to the tighter monetary policy that is invoked
as the economy expands and to the movement of factors of production out of the non
resources sector and into the expanding resources sector, reminiscent of Dutch Dis-
ease. Although there is higher external resource demand, the combined increase in
commodity prices and appreciation of the exchange rate actually results in a fall in
the real value of Australian resource exports, although this is not inconsistent with ex-
port volume increasing (Plumb, Kent and Bishop, 2013). During the boom period the
large increase in the real exchange rate affected the non-tradeable sectors particularly
in manufacturing, construction and accommodation (Connolly and Orsmond, 2011) in
particular.

Higher domestic activity and commodity prices place inflationary pressure on con-
sumer prices. Over the longer horizon, with Chinese steel production and foreign

output trending up to baseline levels, and with domestic output below its baseline

4Note that the impulses converge over a longer time horizon.
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level, the inflation rate falls back to its baseline level. It should be noted that the
raw data shows that inflation in Australia remained within the target band during the
boom period (Plumb, Kent and Bishop, 2013). The interest rate responds to higher
commodity prices, domestic activity and inflation, by increasing sharply in the first
four quarters after the shock. However, the slowdown in domestic activity and foreign
output pull the interest rate back to its baseline level five years after the shock. The
exchange rate appreciates by 1.8 per cent in the first two periods after the shock, and
despite coming off this peak remains around one per cent above the baseline for quite
some time. The path of the exchange rate is consistent with the trends in the booming

sector.

3.2 Shock to commodity prices

The one standard deviation shock to commodity prices represents an increase of 3.4 per
cent, peaking two quarters after the shock at 4.7 per cent above the baseline (Figure
5). Commodity prices stabilize to remain approximately 4 per cent above the baseline
for a substantial period of time before converging to their initial values around 18 years
later. Consistent with Jésiskeld and Smith (2011), and as expected if the commodity
price shock is in fact a negative ‘commodity supply’ shock, commodity prices rise,
increasing the price of goods that use those commodities as an input, while foreign
output falls.

There is an instantaneous increase in the real value of resource exports as a result
of higher commodity prices. However, resource exports fall below the baseline level in
the second quarter as Chinese steel production and foreign output fall, though resource
exports do begin to recover in the sixth year after the shock as Chinese steel production
and foreign output pick up again. Mining investment responds positively to the rise in
commodity prices, increasing by 1.4 per cent contemporaneously, and remains above
the baseline level over the impulse horizon.

The negative commodity supply shock results in domestic output falling, though
this fall is very small (at its minimum it is approximately 0.5 per cent below the initial
level). This compares to other studies, such as Dungey and Pagan (2000) and Jésskeld
and Smith (2011), where domestic output increases in response to a terms of trade
shock.” However, Dungey and Pagan (2000) note that in an earlier version of their
paper domestic output fell. This fall in domestic output reflects that the expansion of

output in the resources sector in response to higher commodity prices, leads to factors

Substituting the terms of trade for real commodity prices in the model results in the same effect
on domestic output to a shock to the terms of trade variable.



of production moving out of the non-resources sectors and into the resources sector,
where higher prices are being paid for labour and capital. The fall in non resources
sector output is not initially fully offset by the rise in resources sector output. While
the higher exchange rate buffers the economy to the terms of trade shock, it does not
do so fully. At the same time a higher exchange rate harms some areas of the economy,
particularly the trade exposed manufacturing and services sectors.

Higher commodity prices leads to an immediate increase in the inflation rate, of
approximately 0.4 per cent. This falls sharply in the second quarter after the shock in
response to an appreciation of the real exchange rate and tighter monetary policy, as the
interest rate rises in response to higher commodity prices and possibly greater demand
for finance from the mining sector. However interest rates come off as commodity prices
fall.

The exchange rate also rises contemporaneously with the rise in commodity prices,
but comes off this peak due to lower Chinese steel production and foreign output.
As Chinese steel production and foreign output trends up, commodity prices and the
exchange rate remain at a new higher level over the impulse horizon. The higher real
exchange rate appears to have a deflationary impact, with consumer prices remaining
below the baseline level following the second year after the shock. This is consistent
with Gruen and Dwyer (1995), who suggest that with a floating exchange rate, in some

cases a positive terms of trade shock can be disinflationary.

3.3 Shock to foreign output

In response to the 0.5 per cent shock to foreign output, commodity prices rise during
the first four quarters after the shock, peaking at 2.8 per cent above the baseline
(Figure 6). Commodity prices fall from this peak, and remain below the baseline from
the eighth quarter.

The shock to foreign output has a positive effect on the real value of Australian
resource exports, partly due to higher commodity prices. Despite lower Chinese steel
production resulting from higher input prices and possibly lower exports of Australian
resources to China, higher demand from other Australian major trading partners may
sustain the real value of resource exports above the baseline. In addition, the depre-
ciation of the exchange rate after a year assists in increasing the quantity of resource
exports.

Initially mining investment falls in response to the foreign output shock, possibly
due to the fall in Chinese steel production. However, mining investment responds

positively to the shock towards the end of the first year and this positive response
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is sustained out to the 30 month horizon, reflecting higher commodity prices. In the
third year, mining investment falls below the baseline as commodity prices decline.
The mining investment profile reflects the fact that it takes time for mining investment
to ramp up and down again in response to changes in commodity prices. There is
a positive effect on domestic output for the first year after the shock; however this
drops off due to the tightening of monetary policy, with nominal interest rates rising in
response to the pickup in domestic activity and commodity prices. Overall, the effect
of the shock on domestic output is very small, ranging from 0.1 to —0.1 per cent. By
the fifth year following the shock, domestic output is again above the baseline.

The rise in foreign output has an inflationary impact during the first three years
following the shock due to higher commodity prices, foreign output and domestic out-
put. However, as each of these variables fall below their initial levels, the shock has
a deflationary impact. Despite an initial rise in the real exchange rate in response to
higher commodity prices and foreign output, the exchange rate falls below its baseline
level one year after the shock occurs and remains below the baseline, as a result of the

falls in commodity prices and foreign output.

3.4 Variance decompositions

In Tables 1 and 2 the variance decomposition of the variables is presented. This shows
the proportion of the variance of each variable that is attributable to shocks to each
of the variables in the model. Results are reported for forecast horizons 1, 4, 12 and
24 quarters ahead. Table 1 presents the results for the external sector variables, while
Table 2 presents the results for the domestic variables.

Focussing first on the external booming sector, the decompositions show that over
the longer horizons most of the variance in each variable is explained by shocks in
the external sector. For Chinese steel production at 24 quarters, 70 per cent of the
variance is attributable to own production and world demand. For commodity prices,
75 percent of the variance is due to Chinese steel production (23 per cent), commodity
prices (37 per cent) and world demand (15 per cent). World demand is dominated
by shocks in itself (57 per cent) and commodity prices (16 per cent). There is some
evidence that Australia has some market power in pricing in the commodity markets,
as the remaining variance for the Chinese steel production variable and the commodity
prices comes from Australian inflation, with 10 per cent and 13 per cent contributions
to these two variables respectively.

For the value of resource exports and mining investment which are the sectors in

Australia directly affected by the resources boom, it is mainly the external shocks
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which explain the variance of these variables. For the value of resource exports it is the
booming sector in China (11 per cent), world demand (28 per cent) and own shocks
(33 per cent) that are important at the longer horizon. It is not commodity prices or
the exchange rate. For mining investment in the short run it is own shocks which dom-
inate. However, over the longer time horizon Chinese steel production (20 per cent),
commodity prices (14 per cent) and domestic inflation play a greater role (16 percent).
It is interesting that shocks to Chinese steel production have a greater impact on min-
ing investment than commodity prices over a longer time horizon. This may hold true
as a large proportion of mining investment in Australia are joint ventures between
mining companies and Chinese steel producers (Connolly and Orsmond, 2011).

For overall economic outcomes for Australia in terms of the GDP variable (yd;),
over a longer time horizon, shocks to commodity prices are increasingly important,
contributing 40 per cent to domestic output after 24 quarters which is slightly larger in
magnitude than through their own shocks of 35 per cent after six years, which follows

59 per cent after three years.

3.5 Robustness

This section reports on the differences encountered when using alternative proxies for
the mining investment variable and using two broader indicators in place of Chinese
steel production.

Gross value added (GVA) for mining investment is considered as an alternative
measure of mining investment. The consequences of this substitution for the impulse
responses are relatively mild. The main difference six months after a commodity price
shock is that the GVA of mining investment falls below baseline whereas mining in-
vestment itself remains positive. This is because of fewer resources being exported,
resulting in falls in the resource export value and mining GVA. Lowe (2012) discusses
the problems with the measurement of mining GVA, in particular that the current
measurement does not take into account inputs that mining elicits from other sectors.
Rayner and Bishop (2013) subsequently estimate this to be about 6.5 percent of GVA in
2011/2012. The difficulties with GVA suggest that our initial specification is preferred
for this variable.

Broader measures of Chinese activity in the form of Chinese manufacturing and
Chinese industrial production were also assessed in place of Chinese steel production.
As might be expected, shocks to either of these proxies produced considerably smaller
responses in commodity prices, with consequent flow through to all other areas of the

model discussed in the previous section. When using Chinese industrial production
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as the output proxy, a shock to output dissipates much more quickly than in our
model with steel production - that is shocks to steel production are longer lived. As
a consequence the impacts on other variables in the model also have a considerably
shorter return to convergence. The robustness analysis suggests that the use of broader
variables for Chinese activity do not capture the effects on the Australian economy
via resources demand as effectively as steel production, supporting the specification

reported in the previous section.

4 Conclusion

The boom in China has resulted in unprecedented demand for natural resources. This
paper examines the effects of major industrialization in an emerging economy on a de-
veloped market whose structure is mostly based on abundant natural resources, using
the example of Australia. Using a structural VAR framework, the questions addressed
are: 1) what are the effects of shocks from a rapidly growing emerging economy extract-
ing resources from a developed natural resource rich economy on aggregate economic
outcomes such as output growth, the interest rate, inflation and the exchange rate of
the natural resource supplier; ii) how does the transmission of these shocks compare
to general commodity price shocks once the China effects are abstracted from; iii) how
does the transmission of these shocks compare to general foreign output shocks that
are not dominated by resource demand; iv) how does the domestic resource export
sector and the domestic mining sector react to the rapidly growing emerging economy
under these circumstances; v) and how does mining investment and other economic
activity in the natural resource economy feedback to affect the resource sector in the
boom economy.

Overall, the effects of external booms in both the Chinese direct demand shock and
the general commodity price shock are not positive for Australia over the longer time
horizon. There is some evidence of Dutch disease in both of these shocks as resources
transfer from the non-resource sector to the resources sector. The mechanisms of
adjustment in response to the two shocks are slightly different. Shocks to Chinese
demand as measured by Chinese steel production and shocks to commodity prices
both result in an increase in commodity prices and mining investment for 40 years
before their effects die out. The Chinese demand shock leads to an increase in output
and inflation in the resource rich economy for a year and half, before monetary policy
tightens, leading to lower output over the longer horizon. This effect remains until five

years after the shock.
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The commodity price shock is reminiscent of a commodity supply shock, with for-
eign output falling and prices rising. The effect is contractionary for Australia, despite
an increase in mining investment in response to the higher commodity prices. In
response to the shock to commodity prices, real output in the resource supplying econ-
omy is below baseline levels one year after the shock. This fall reflects the movement
of factors of production out of the non-resources sector of the economy and into the
resources sector, as higher demand has driven up the price of labour and capital in
the resources sector. As a result of lower output by the non-resources sector of the
economy, real domestic output falls, with the rise in mining output failing to offset
the fall in non-resources sector output. In response to the higher commodity prices,
the floating exchange rate appreciates, acting as a shock absorber, and reducing the
expansionary effects of the terms of trade rise on the overall economy.

The variance decompositions highlight some important results. First, there is some
evidence that large resource suppliers have some market power in pricing in the com-
modity markets. The forecast error variance decomposition shows that after six years,
10 to 13 percent of the variance of the error of the Chinese steel production variable
and the commodity price variable comes from Australian inflation, respectively. For
the value of resource exports and mining investment which are the sectors in Australia
directly affected by the resources boom, it is mainly the external shocks which explain
the variance of the error term. For resource exports it is the booming sector in China,
world demand and own shocks that are important at the longer horizon. It is not
commodity prices or the exchange rate. For mining investment in the short run it
is own shocks which dominate. However, over the longer time horizon Chinese steel
production, commodity prices and domestic inflation play a greater role. Chinese steel
production has a greater impact on mining investment than commodity prices over a

longer time horizon.
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Table 1: Forecast Error Variance Decomposition of the External Variables in %.

var.  shock 1 4 12 24 var. shock 1 4 12 24

cspy  CSpy 100.00 57.87 36.49 26.81 Ywy cSpy 0.03 395 3.78 3.94
pCy 0.00 776 247 290 PCy 0.46 8.14 16.42 16.00
Ywy 0.00 11.69 36.82 42.53 Ywy 99.51 80.61 59.07 57.18
resy; 0.00 5.81 3.82 3.73 resx; 0.00 1.39 230 2.05
MInNinv; 0.00 1.64 092 1.90 mininv;  0.00 048 0.79 1.42
ydy 0.00 0.19 0.28 6.79 yd, 0.00 0.04 197 3.98
pd; 0.00 14.70 15.08 10.17 pdy 0.00 3.15 6.80 6.30
rd; 0.00 0.04 268 1.89 rd; 0.00 2.06 2.55 3.19
G 0.00 0.29 145 3.29 q 0.00 0.18 6.31 593

pe; CSpy 5.26 22.92 27.13 22.51 resr; CSpy 0.30 7.74 11.32 10.56
pCy 94.74 53.11 37.41 36.57 PCy 0.93 2.02 454 471
Ywy 0.00 11.75 9.73 15.48 Ywy 1.49 718 23.43 28.30
resTy 0.00 1.53 4.26 2.84 resT; 97.28 66.03 40.54 32.70
MININU; 0.00 0.20 049 1.16 mimny,  0.00 098 1.15 2.62
ydy 0.00 0.20 0.13 045 yd, 0.00 5.27 836 10.66
pd; 0.00 5.66 16.86 12.80 pdy 0.00 6.47 6.70 5.67
rd; 0.00 176 096 0.71 rd; 0.00 1.08 146 1.22
Q 0.00 287 3.03 748 q 0.00 3.23 2,51 3.57
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Table 2: Forecast Error Variance Decomposition of the Domestic Variables in %.

var. shock 1 4 12 24 var.  shock 1 4 12 24
Mmininv;  cSpy 0.23 3.56 16.77 20.25 pdy  cspy 1.21 14.86 11.75 9.84
PCy 2,57 898 7.33 13.79 j 9.57 3.03 219 5.71
Ywy 2.86 3.78 10.22 15.85 Ywy 0.01 16.66 13.55 18.02
resr; 0.10 086 1.06 1.20 resxy 0.04 448 11.01 9.12
maininy,  94.24 7821 39.61 20.49 mininv,  0.25  0.12  1.53  3.05
yd, 0.00 048 445 4.88 yd, 3.67 888 31.23 29.37
pd; 0.00 3.95 18.40 16.38 pdy 6.48 4.07 496 4.33
rd; 0.00 0.13 2.04 3.23 rd; 7877 4548 20.44 17.58
G 0.00 0.04 0.12 3.93 G 0.00 243 334 297
ydy CSpy 3.31 211 131 4.23 i CSPy 3.96 15.52 19.78 20.46
[ 1.29 5.39 18.17 40.48 j 9.34 3.74 13.74 16.88
Ywy 094 043 147 1.12 Ywy 5.83 888 7.53 13.14
resr; 1.32  6.40 436 2.76 resxy 0.10 485 4.71 4.31
mininy,  0.00  3.15 558  3.61 mininv,  1.04  4.14 7.15  6.41
yd, 93.14 81.08 58.78 34.96 yd, 0.28 149 349 4.02
pdy 0.00 0.04 0.15 1.76 pdy 0.88 5.09 10.83 11.55
rd; 0.00 092 436 2.89 rd; 541 239 233 1.51
q 0.00 0.50 5.82 8.19 Qs 73.17 53.90 30.44 21.73
pdy CSpy 0.27 137 477 4.40
Py 412 459 337 441
Ywy 0.00 0.26 245 8.46
resT; 0.00 3.60 828 7.31
mininv, 0.00 1.66 1.86 2.96
yd; 0.02 6.64 25.08 24.06
pd; 95.59 77.07 46.77 40.55
rd; 0.00 390 4.70 5.17
q 0.00 091 273 2.68
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Appendix A: Data Descriptions and Sources

variable code

source

China steel product csp
Commodity prices pc

Foreign output yw

Aust resource exports resy

Mining investment mMIninY
Domestic output yd

Inflation pd

Cash rate rd

Exchange rate
China manfact cmx
exports

China Industrial Product cip
Mining gross value added mingva

s.a. (Datastream code: CHVALSTLH)

Index of commodity prices in US dollars

(RBA, Statistical Table G5)

deflated by the US CPI for All Urban Consumers:

All Ttems (Bureau of Labor Statistics)

s.a. export-weighted real GDP of Australia’s major
trading partners (RBA)

sum of the value of exports of Metal ores and minerals,
Coal, coke and briquettes, Other mineral fuels, Metals
(excluding non-monetary gold)

and Non-monetary gold, chain volume measure,

2009-10 prices, s.a. (ABS Cat. No. 5302.0)

Mining Private New Capital Expenditure, chain volume
measure, 2009-10 prices, s.a. (ABS Cat. No. 5625.0)

s.a. chain volume measure of non-farm gross domestic
product (ABS Cat No 5206.0)

s.a. trimmed-mean consumer price index, 1989/90 = 100,
excluding interest charges, adjusted for the tax changes of
19992000 (RBA)

quarterly average of the target cash rate

(RBA Statistical Table F1)

real trade-weighted index (RBA Statistical Table F15)
manufacturing exports in US dollars

(Datastream code: CHEXMANUA) deflated by the

US CPI for All Urban Consumers: All Items

(Bureau of Labor Statistics)

(Datastream code: CHIPTOT.H)

Mining excluding exploration and mining support services,
chain volume measure, 2009-10 prices,

seasonally adjusted (ABS Cat. No. 5206.0)
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Figure 2: RBA Index of Commodity Prices
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Figure 4: Impulse responses to shock to Chinese steel production

0.04

0.02

-0.02

0.010 ~

0.000

-0.010

-0.020

0.100 ~

0.050

0.000

-0.050

1 . Chinese Steel Production

.
.

1 4 7 10 13 16 19 22 25

Resource Exports

1 4 7 1013 16 19 22 25

Inflation

1 4 7 101316 19 22 25

0.08
0.06
0.04
0.02

-0.02

0.100 4

0.050

0.000

-0.050

0.100 4

0.050

0.000

-0.050

Real Commodity Prices

1 4 7 101316192225

Mining Investment

1 4 7 101316 19 22 25

Interest Rate

1 4 7 101316 19 22 25

0.000

-0.002 }
1 4 7 1013 16 19 22 25

0.005 7" pomestic Output

e ——

0.000

-0.005 A

-0.010 -
1 4 7 1013 16 19 22 25

Exchange Rate

1 4 7 1013 16 19 22 25



Figure 5: Impulse responses to shock to commodity prices
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Figure 6: Impulse responses to shock to foreign output
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