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ABSTRACT:
This paper analyses local labour and housing market adjustment in
New Zealand from 1989 to 2006. We use a panel vector autoregression approach to
examine the adjustment of employment, employment rate, participation rate, wages, and
house prices in response to employment shocks. Migration is a major adjustment
response at both a national and regional level, accounting for half of national adjustment
and all adjustment regionally. House price responses differ at different spatial scales.
Nationally, a one percent employment shock raises long run house prices by six percent,
as may be expected with an upward sloping housing supply curve. Surprisingly, this
relationship does not hold at the regional level.

1. INTRODUCTION
This paper examines regional adjustment in New Zealand over the period
1989 to 2006. The fortunes of New Zealand’s regions have differed greatly over
this time: areas such as Auckland and Canterbury have had employment growth
above the national average, whereas areas such as Waikato and Southland have
had growth below the national average. We investigate the dynamics of how
regions adjust to local employment shocks by estimating a panel vector
autoregression (VAR) model.
In line with other research, we find that migration is a major adjustment
response to employment shocks at both a national and regional level. However,
the pattern of adjustment varies at different spatial scales. Nationally, a 1
percent positive employment shock leads to a long-run level of employment 1.3
percent higher, with approximately half of these extra jobs filled by migrants. In
contrast, a 1 percent region-specific shock causes the long-run regional share of
employment to be 0.5 percent higher, with the adjustment to the employment
shock entirely explained by migration into the region. We uncover a paradox in
the relationship between employment and house prices at different spatial scales.
Nationally, house prices are very responsive to employment shocks: a 1 percent
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employment shock causes house prices to be 6 percent higher in the long run, as
may be expected with an upward sloping housing supply curve. However, there
is very little adjustment to house prices at the regional level, despite substantial
in-migration to the region in response to the employment shock.
The structure of this paper is as follows. Section Two briefly reviews the
literature on regional adjustment. Section Three discusses the data sources used
in the estimation of the VAR model, and discusses national adjustment. Section
Four lays out the methodology employed to specify the structure of the model.
We examine the regional adjustment process in Section Five by analysing the
impulse response functions of the VAR. We consider the possibility of
cointegration between employment and house prices in Section Six, and then
briefly conclude.
2. RELATED STUDIES
There are several possible channels of response to a positive employment
shock: the unemployment rate may decrease, the participation rate may increase
as individuals choose to enter the labour force, the wage rate may rise to clear the
labour market, or individuals may move into the region. This paper considers an
additional key variable in the adjustment process: house prices. If housing has an
upward sloping supply curve, changes in demand for housing (such as would
arise from an inflow of migrants in response to favourable employment
conditions) will have an impact on house prices, affecting the cost of living in a
region. This effect may influence decisions about migration into and out of a
region.
The relationship between house prices and net migration is a topical issue in
New Zealand. House price inflation is a significant current concern for
macroeconomic policy and migration flows are often seen as a driver of this key
component of inflation. Figure 1 shows a graph of house price growth and net
national migration flows over the period 1991-2004 (Source: RBNZ, 2004). We
find a similar relationship in our analysis in the following section, although we
find that migration and house prices move together at least partly because they
both respond to employment demand shocks: a positive employment shock at the
national level results in increased migration, and in increased house prices.
Although we briefly overview the national patterns, this paper primarily
examines regional labour market adjustment in New Zealand. We employ a
methodology adopted by Blanchard and Katz (1992) in their seminal paper,
‘Regional Evolutions’. Blanchard and Katz analyse regional adjustment at the
US state-level by constructing regionally differenced variables, defined as the
nominal regional value relative to the nominal national mean.1 Using US data
between 1950 and 1990, they find that the dominant adjustment mechanism to an
employment shock is labour mobility – in the first year after a negative
employment shock of 100 workers unemployment increases by 30 workers,
participation declines by 5 workers, and there is net migration out of the region
of 65 workers. Five to seven years after the shock, the employment response
1

Note that this means that the regionally differenced variables are real.
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consists entirely of migration out of the region (Blanchard and Katz, 1992).

Figure 1. Graph of net migration and house price growth
A similar methodology has been applied to regional studies in many
countries. Decressin and Fatas (1995) studied regional labour market dynamics
in Europe, finding the main adjustment response in the first three years of a
labour demand shock was through changes to the participation rate. Mauro and
Spilimbergo (1998) study regional labour adjustment for Spain, differentiating
between high skilled and low skilled workers. They find that the response differs
between these two groups: highly skilled workers migrate, while low skilled
workers leave the labour force or become unemployed. Debelle and Vickery
(1999) look at adjustment between labour markets in Australia. Using Australian
states as their level of analysis, they find that a 1 percent change to employment
causes a 0.31 percent change in the working age population of the region.
Debelle and Vickery estimate a model that includes house price adjustment, and
find that while house prices drop in response to a negative employment shock,
including house prices does not affect the adjustment path of the other variables.
Choy et al. (2002) examine the New Zealand case and find a strong migration
response to a region-specific employment shock. A temporary negative
employment shock of 100 people causes approximately 71 people to migrate out
of the region in the initial period of the shock. The long-run impact of the shock
depends on whether employment is modelled as a stationary variable or
difference-stationary variable. However, in both cases migration is the sole
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response to the employment shock six years after the shock.2
A key difference between these regional studies is the average size of the
regions analysed. For the US studies, the average regional population is 5.3
million people, and the average size of a region in European studies is 6.8
million. Australia states have a mean population of approximately 2.3 million
people. However, the average NZ region is much smaller, around 320,000
people (Choy et al., 2002). Given the regional size differences, people may be
more likely to leave a region in New Zealand in search of work rather than to be
able to find other employment opportunities within a region. Choy et al. find
that the NZ migration response, although much bigger than that of the US or
Australia, is close to that found for Sweden in a study by Fredriksson (1999) that
examines adjustment within regions of approximately the same size.
We build on previous New Zealand work examining labour market
adjustment (Choy et al., 2002). Firstly, we include house prices in the model,
and consider how house prices interact with labour market adjustment. There is
overseas evidence that relative house prices have a direct effect on migration
(Meen, 2001). In the New Zealand context, Grimes and Aitken (2004) find a
strong correlation between regional population and house prices. Secondly, we
use a more functional unit of regional aggregation than administratively-defined
regional councils. Thirdly, we extend the time period analysed, covering the
period 1989 to 2006.
3. DATA
Data on employment, working age population, and labour force3,4 for each of
our fifteen regions5 were obtained from the Household Labour Force Survey, on
2

If employment share is modelled as a difference-stationary variable, the migration
response six years after the shock is 42 people. If employment share is modelled as a
stationary variable, migration response six years after the shock is 3 people.
3
Employment is defined by the HLFS as respondents who had: worked for one hour or
more or worked without pay for an hour or more in a business owned or operated by a
relative. The working age population is defined as the total usually resident, noninstitutionalised, civilian population of New Zealand. The labour force is defined as
members of the working age population who are classified as either employed or
unemployed. Unemployed is defined as persons in the working age population without a
paid job who were actively looking for work.
4
The HLFS is a sample survey. Individuals have weights applied to them to provide
figures representative of the whole population. The benchmark population of a region is
based on the most recent census count, which is updated to reflect quarterly changes by
accounting for natural increases and internal migration (using symptomatic population
series such as residential building consents and electoral enrolments). HLFS respondents
have weights applied so that population estimates match the national population by age
and sex.
5
There are several caveats associated with the HLFS data. Firstly, the regions we
request differ than those the official HLFS statistics are released at. There are no intraregional weights applied to local regions, hence demographic changes in one part of a
region show up as changes to the population. The second issue is that there were changes
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a quarterly basis from 1986q1 to 2006q2. We restrict the age range of
individuals included to 20-64 years. Wage data6 were sourced from the
Quarterly Employment Survey for our fifteen regions, covering the period
1989q1 to 2006q1. Prior to 1999, the survey included only firms with at least
2.5 full time employees (FTE). This was adjusted in 1999q3 to include small
business. To improve comparability between the two periods we restrict the
wage date to include wages only from firms with at least 2.5 FTE. In addition,
we follow Choy et al. (2002) and impose a restriction that the change in wage
rate for each region between 1999q3 and 1999q4 is equal to zero.
House price data are sourced from Quotable Value New Zealand. The data
series are released at territorial authority (TA) level on a quarterly basis.7 The
house price per region is calculated by weighting median sales prices for each
component TA by 2006 population weights, in order to remove seasonal and/or
cyclical house sale trends.
The regions used in this paper are groupings of territorial authorities (TAs),
approximately replicating groupings of labour market areas (LMAs).8 Because
LMAs are defined by actual labour market behaviour of individuals, they are a
more functional regional unit compared with other areas, such as
administratively defined regional councils. We use quarterly house price data
that is released at TA level. There is not a perfect match between LMAs and
TAs (Grimes et al., 2006). Based on a match quality analysis in Grimes et al.
(2006), the best match to minimise the error between LMAs and TAs is to group
TAs into fifteen areas. The primary difference between these regions and
regional councils is that the larger areas, Auckland and Wellington, are separated
into sub-areas that differentiate between distinct labour markets in these areas. A
list of the TA composition of the fifteen regions we use for this paper is detailed
in Grimes et al. (2007).
To analyse region-specific changes we transform the raw data from region i
at time t into log-differenced variables from the national mean at time t,
following Blanchard and Katz (1992); that is:

to the frequency of rotation groups in the HLFS: in 1998q3 the rotation increased to 2/8
from 1/8. This may have caused sudden changes to population in certain regions until the
primary sampling units were adjusted.
6
Average Ordinary Time Hourly Earnings is ordinary time earnings divided by ordinary
time paid hours. Paid travelling time and hours represented by holiday pay and sick pay
are included.
7
We drop the observations with the highest 1 percent and lowest 1 percent of median
sales price to median government valuation ratio from our analysis. The median sales
price should be close to the mean government valuation.
8
Labour Market Areas (LMAs) are areas defined by an algorithm such that most people
who live in the area also work in the area. Migration out of a LMA is usually associated
with a change of job (Mare and Timmins, 2003).

234

David C Maré, Arthur Grimes & Melanie Morten

wagei ,t  ln(

average ord hourly earningsi ,t

average ord hourly earnings nat ,t
employmenti ,t
empi ,t  ln(
)
employmentnat ,t
employment ratei ,t
eri ,t  ln(
)
employment ratenat ,t

)

where

employment ratei ,t 
pri ,t  ln(

empi ,t
labour forcei ,t

participation ratei ,t
participation ratenat ,t

)

where

participation ratei ,t 
hpi ,t  ln(

labour forcei ,t
working age populationi ,t

mean house pricei ,t
mean house pricenat ,t

)

3.1 National Adjustment
Before examining the region-specific adjustment process, we examine the
interaction between national-level variables.
We estimate a vector
autoregression model for the five variables, all in natural logarithms:
employment, employment rate, participation rate, wages, and house prices. This
model is developed in more depth in Section 4. We assume that employment has
a contemporaneous effect on all variables, and house price has a
contemporaneous effect on employment rate, participation rate9, and wages.
Unit root tests suggest that all the national level variables are 1(1), so all
variables are entered in first-differenced form.
We introduce a positive employment shock into the system and examine the
impulse response functions (IRFs), converted to levels, of each of the variables
in the system. The migration IRF is derived from the other aggregates.10 The
IRFs are shown in Figure 2.

9
Employment rate is defined as the number of employed divided by the labour force.
Participation rate is defined as the size of the labour force divided by the size of the
working age population.
10
For full details, see Section Five.
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IRFs for a national 1% positive employment shock
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Figure 2. National-level IRF: positive employment shock
In the long run, a 1 percent positive employment shock causes national
employment to be 1.3 percent higher than in the absence of the shock. Wages
adjust slightly, but slowly: ten periods after the shock wages are 0.06 percent
higher, and settle to be 0.38 percent higher in the long run. There are initial
increases in the participation rate and employment rates: the employment rate
increases by 0.29 percentage points in the period of the shock; the participation
rate increases by 0.48 percentage points. In the long run, the employment rate is
0.17 percentage points higher, and the participation rate 0.34 percentage points
higher than they would have been in the absence of the shock. Migration,
defined as the change in working age population due to the shock, increases
steadily, and in the long run working age population has increased by 0.73
percent. There is a substantial house price adjustment: house prices do not move
much in the first four periods of the shock, consistent with the gradual response
of international migration, but then increase to be almost 6 percent higher in the
long-run.
Table 1 converts the IRF responses in Figure 2 into implied ‘person counts’,
in which the initial employment shock raises employment in New Zealand by
100 jobs. The table shows that in the long run there are 140 new jobs created as
a result of the initial shock, with over half of these jobs filled by migrants. 22
people are employed who would have otherwise been unemployed, and 45
people have chosen to enter the labour force. The second part of the table shows
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the total migration response. In the initial period of the shock working age
population increases by 8 people, and of these 8, 6 are expected to be employed,
and 2 are not expected to participate in the labour force. These people could be
non-working partners or family members who are migrating with someone who
has a job. The migration response increases over the periods following the
shock. Six years after the shock there are 100 extra migrants in New Zealand: 73
of these are employed (this is equivalent to the migration figure of the upper
panel), 22 are not in the labour force, and 5 are unemployed.
Table 1. Population response IRF: national employment shock
Initial 1 quarter
quarter
after
National shock to employment
A. Net impact of change in employment
due to:

1 year
after

4 years
after

6 years
after

Working age population
Employment rate
Participation rate

6
32
62

16
17
47

32
39
56

68
35
47

73
22
45

Employment response to shock

100

81

127

150

140

Employment
Unemployment
Non-labour force participants

6
0
2

16
1
5

32
2
10

68
4
21

73
5
22

Migration response to shock

8

22

45

93

100

B. Migration's impact on:

At the national level, the initial employment shock has a long-run multiplier
effect; the initial 1 percent shock results in 1.4 percent more jobs in the long run.
Three types of people fill these new jobs: migrants, individuals who would have
otherwise been unemployed, and individuals who would have otherwise not been
participating in the labour force. There is a strong house price response to the
employment shock. This is as expected: given an upward sloping supply curve
for housing, an increase in (domestic and migrant) housing demand should
increase house prices.
The remainder of the paper focuses on patterns of adjustment to employment
shocks at a smaller spatial scale, revealing patterns of regional adjustment that
contrast with what is observed nationally.
3.2 Regional Adjustment
Regions in New Zealand have fared very differently over the time period
analysed; some regions have flourished while others have struggled. Table 2
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shows the mean growth rate11 and the extremes over the fifteen regions.
Employment rate growth and participation rate growth are measured in
percentage point changes. This table shows the range in the regional fortunes
over the period: Canterbury has had the strongest employment growth, as well as
the strongest labour force and working age population growth. The wage rate
grew most in Wellington West, and least in the Bay of Plenty.
Gisborne/Hawke’s Bay region had the largest growth in participation rate, of 9.5
percentage points.
Table 2. Growth in variables over the period 1989-2006
Minimum
Maximum
2.4%
64.3%
Waikato
Canterbury
Employment rate
3.9%
1.4%
7.1%
North Auckland
Taranaki
Participation rate
5.6%
-1.0%
9.5%
Auckland City
Gisborne/Hawkes' Bay
Wage
51.1%
41.0%
61.8%
Bay of Plenty
Wellington West
House price
193.8%
109.6%
265.6%
Manawatu
Otago
Labour force
28.4%
-1.6%
57.8%
Waikato
Canterbury
Working age population
19.5%
-8.6%
41.6%
Waikato
Canterbury
Changes are percentage change between mean of first 8 quarters and last 8 quarters of full data
sample
er and pr are percentage point difference, calculated by subtraction
Employment

Mean
33.6%

Table 3 shows the pairwise correlations between the growth rates. Note that
this table only shows the static change between the two end-periods of the
sample. We will develop a richer model of the dynamics by modelling the VAR
system in the following section. Two stories seem to emerge from this table.
The first story is essentially one of movement of people: regions with high
employment growth also had high growth in labour force (correlation=0.99) and
high growth in working age population (correlation=0.91). Note that there is
only a very small correlation between house prices and employment
(correlation=0.02). A second story is evident from the correlation between
employment rate and house price (correlation=0.53). If house prices are high,
people may be deterred from moving into a region even if there are jobs
available. As a result, the participation rate and employment rate may rise as
individuals who already live in the region become employed. The VAR
modelling in Section 4 looks at the dynamic relationship over time of these
variables.
11

The percentage change is calculated by the percentage change between the mean of the
first eight quarters and the last eight quarters in the sample for each region in order to
reduce the influence of quarter-to-quarter volatility.
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Table 3. Pairwise correlation for growth rates
Employment
Employment
1
Employment rate
-0.1005
Participation rate
-0.0642
Wage
0.2425
House price
0.0223
Labour force
0.9915
Working age
population
0.9102
See notes on previous table
n=15 for each cell

Employment Participation
House Labour Working age
rate
rate
Wage price
force
population
1
0.6221
-0.4278
0.5311
-0.2286

1
-0.5699
0.2825
-0.1449

1
-0.0177
1
0.2918 -0.0471

-0.4125

-0.4596

0.4443 -0.1353 0.9449

1
1

Figure 3 shows North Auckland12 and Southland over the time period
analysed. The left hand axis shows the actual value of the variable, and the right
hand scale shows the relative measure of the variable. North Auckland is a
region that has prospered: employment growth was 44 percent over the period,
above the national average of 34 percent. As a result, North Auckland’s relative
employment share has increased over the period. Southland has not been as
fortunate: Southland had an average rate of employment growth half that of
North Auckland, at 20 percent, and less than the national mean.
A similar pattern holds for house prices. North Auckland’s house prices have
increased over the period, leading to a slight overall increase in North
Auckland’s relative house price. Southland’s house prices have grown 145
percent over the period, below the mean national growth rate of 194 percent,
contributing to a decreasing relative house price compared to the rest of the
country.
An innovation of this paper is to include house prices in the model for labour
market adjustment. A priori, an upward sloping supply curve for housing
predicts that changes to housing demand, such as may result from increases in
employment, will lead to increases in house prices. Figure 4 graphs the
relationship between the change in house price and change in employment using
regionally defined variables.13 The circles in the graph are weighted by 2006
population counts and a non-parametric regression line is fitted.

12

North Auckland consists of Rodney, North Shore, and Waitakere Districts.
The graph looks at the change in house prices using the mean house price over the
period 1981q1-1989q4 as the initial value. The relationship between house price growth
and employment growth varies slightly by the initial period used – a graph of house price
change from 1989 to 2006 has a smaller slope; a graph examining change from 1995-2006
a slightly steeper slope.

13
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Figure 3. Regional heterogeneity - North Auckland and Southland
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Change in house prices against change in employment
1980s-2005/06
.2

Auckl an d Ci ty
Ota go
Auckland combined
North Auckland
NTWC
South Auckland
Wellington West

0

BOP
Waikato

Gisb/Hawkes

Canterbury

Northland

-.2

Taranaki
Wellington East

-.4

Ma na watu
Southland

-.2

-.1

0
emp_diff

.1

.2

Line shows non-parametric reg ressi on line
HP di fference is mean(1981q1-1989q4 against mean(2004q3-2006q1)
Emp di ff is me an (1986q1-1989q 4) against mean(2004q3-2 00 6q1)

Figure 4. Change in house prices against change in employment
4. METHODOLOGY
This section details the specification of the model used to analyse regional
adjustment. We first consider the univariate properties of the data series by
performing unit root tests. We then examine the contemporaneous correlation
between the variables to specify the lag structure of the VAR model. Once we
have identified the model, we estimate it and then analyse the impulse response
functions arising from a region-specific positive employment shock.
4.1 Univariate Processes
Unit root tests are performed on the five log differenced data series entering
the VAR. We include specifications both with and without a time trend, and
consider the order of integration of the series at both the individual region level
and the panel level.
Table 4 summarises the results from ADF and PP individual unit root tests,
run at a regional level. The table gives the number of regions for which the null
can be rejected at a 10 percent and a 1 percent level, out of a total of 15
regions.14 House price appears to be non-stationary; employment rate,
participation rate, and wage appear stationary; employment is unclear, but we
14

The full unit root results are shown in Grimes et al. (2007), which also includes the
results of two panel unit root tests; the interpretation of these tests depends crucially on
the assumption regarding a deterministic trend in the data.
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treat it as nonstationary.
Table 4. Summary of individual unit root tests
Number of rejections out of 15 regions using 10% level of significance
ADF
PP
Null: Unit root
Null: Unit root
Trend
No trend
Trend
No trend
emp
9
10
4
12
d_emp
15
15
15
15
er
15
15
14
15
d_er
15
15
15
15
hp
2
6
2
3
d_hp
15
15
15
15
pr
15
14
10
15
d_pr
15
15
15
15
wage
14
14
8
15
d_wage
15
15
15
15
Number of rejections out of 15 regions using 1% level of significance
ADF
PP
Null: Unit root
Null: Unit root
Trend
No trend
Trend
No trend
emp
3
3
3
6
d_emp
15
15
15
15
er
12
13
11
13
d_er
15
15
15
15
hp
0
0
0
3
d_hp
15
15
15
15
pr
12
8
5
14
d_pr
15
15
15
15
wage
11
7
5
13
d_wage
15
15
15
15

Due to the conflicting results between the panel unit root tests and the
individual unit root tests, we rely primarily on the individual region ADF tests.
Based on these tests, we characterise regionally log-differenced employment and
house prices as I(1) variables, and enter them in the VAR in first differences.
The regionally log-differenced employment rate, participation rate and wage
variables are characterised as I(0) and are entered in levels.
4.2 Model specification
Blanchard and Katz (1992) argue that labour market shocks are the result of
shocks to labour demand. This assumption leads to a structural VAR where
employment affects current participation rate and employment rate, but
employment rate and participation rate do not have a contemporaneous impact
on employment. This is the same structure adopted by Choy et al. (2002) and
other papers using this methodology.15
15

An alternative panel VAR approach, used by Love and Zicchino (2002) is to take the
forward mean differencing (Helmert differencing) of the variables to remove the region-
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We examine whether this assumption holds for our data by analysing the
error-covariance matrix from an unrestricted VAR. We estimate the reduced
form VAR for our system of five variables where each variable is a function of
the past four lags of itself and the other four variables:  ( L ) yt  u   t .  (L ) is
the lag operator of degree 4, yt is a (5 x 1) vector of regressors, μ is a constant
and εt is a vector of non-autocorrelated disturbances with zero mean. Estimation
is by seemingly unrelated regression (SUR).
We examined Cholesky decompositions of the error covariance matrix for
this system, allowing for different orderings of the equations. This analysis
revealed that there is very little contemporaneous correlation between
employment and house price shocks. This suggests that a shock to employment
is orthogonal to house price shocks in the initial period. If employment is
ordered first in the system, there is very little correlation with employment rate
or with participation rate. However, if either employment rate or participation
rate are ordered first, there is a strong correlation with employment. This
suggests that labour market shocks are best characterised as shocks to
employment. 16
We assume that employment affects the employment rate, participation rate,
wage rate, and house price contemporaneously. House prices are an asset price
and should jump in response to shocks. We therefore assume that house price
has a contemporaneous effect on variables other than employment. The system
in full is:17
4

4

4

4

4

empit   i1    j empi ,t  j    j eri ,t  j    j pri ,t  j    j wagei ,t  j   j hpi ,t  j   it1
j 1

j 1

j 1

4

4

j 1

4

j 1

4

4

hpit   i 2    j empi ,t  j    j eri ,t  j    j pri ,t  j    j wagei ,t  j   j hpi ,t  j   it 2
j 0

j 1

j 1

j 1

j 1

4

4

4

4

4

wageit   i 3    j empi ,t  j    j eri ,t  j    j pri ,t  j    j wagei ,t  j   j hpi ,t  j   it 3
j 0

j 1

j 1

j 0

j 1

4

4

4

4

4

j 0

j 1

j 1

j 1

j 0

4

4

4

4

4

j 0

j 1

j 1

j 1

j 0
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prit   i 5    j empi ,t  j    j eri ,t  j    j pri ,t  j    j wagei ,t  j   j hpi ,t  j   it 5

(1)
where i denotes region, and t denotes time.
The panel structure of the data is reflected in the inclusion of region-specific
intercepts in each equation. Slope coefficients are constrained to be constant
across regions.

specific fixed effects. After consideration we opted not to use this approach as it removes
the effects of a permanent shock and therefore only examines short-run dynamics.
16
See Grimes et al (2007) for details.
17
Note that a constant term in a difference equation implies a trend in the level variable.
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5. RESULTS
The panel VAR is estimated by seemingly unrelated regression (SUR). We
report the impulse response functions of the VAR below. IRF confidence
intervals are found by bootstrapping the regression residuals, following Benkwitz
et al. (2001).18
We present the IRFs for employment, employment rate, participation rate,
wages, and migration, displayed in levels. As the rate variables enter the VAR in
logarithmic form it is necessary to convert the rate variable IRFs into percentage
change form using the following transformations. For participation rate, d(L/WP)
= (L/WP) d(ln(L/WP)) where (L/WP) is the average participation rate (labour
force over working age population) across the panel. For employment rate, the
transformation is d(E/L)= (E/L) d (ln(E/L)) , where (E/L) is the mean panel
employment rate (employment over labour force).19 The migration IRF is
derived as a transformation of the IRFs for the other labour market variables,
using d ln(WP) = d ln(E) – d ln(ER) – d ln(PR).20 No additional transformations
are necessary (once the IRF has been converted into levels, if the variable is
estimated in differences) for house prices, employment, and wages.
5.1 Five Variable VAR: Shock to Employment
Figure 5 shows the IRFs for the average region from a shock to employment.
This region-specific shock could be a new factory or new business opening in
one region, or a change in demand for locally produced goods. The IRF
coefficients are summarized in Table 5. A 1 percent positive shock to
employment causes a contemporaneous positive response of 0.05 percent to the
employment rate, a 0.14 percent positive response to the participation rate, and a
0.75 percent positive response to working age population due to migration. The
contemporaneous impact on wage and house price is negligible. Employment
has a unit root, so temporary shocks can cause permanent effects. In this case, a 1
percent employment shock slowly subsides, but causes long-run employment to
be 0.48 percent higher than it would have been without the shock. The migration
response is strongest in the period of the shock, and then also recedes. In the
long run, working age population is 0.48 percent higher than in the absence of
the shock, matching the growth rate of employment. There is a very small
impact on house prices: an employment shock has the largest effect on house
18

From the initial estimation of the model we create a set of re-centred residuals for each
region. We draw a bootstrapped sample of residuals with replacement from this set, by
region. We then recursively regenerate the data series period-by-period using the initial
VAR coefficient estimates, treating the first four (number of lags in the model)
observations as exogenous. We then re-estimate the VAR to gain new estimation
parameters, and use these parameters to compute the IRFs. This process is repeated 1000
times to find a 95% bootstrap confidence interval for the IRFs. The VAR coefficients are
reported in Grimes et al (2007).
19
20

(L/WP) is 0.78 and (E/L) is 0.94, found by averaging across panel and time.
That is, for the impulse response functions: mig_irf = emp_irf – er_irf – pr_irf.
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prices five periods after the initial shock, where house prices are 0.03 percent
higher than what they would have been without the employment shock. In the
long run, a 1 percent employment shock causes house prices to be 0.02 percent
higher.

IRFs for a regional 1% positive employment shock
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Figure 5. IRF from a positive 1% employment shock
Table 5. Summary of IRF Coefficients
Periods
shock

after
0

1

2

5

10

15

20

30

40

emp

1.000

wage

-0.002

0.724

0.619

0.550

0.506

0.491

0.485

0.482

0.481

0.012

-0.004

0.009

0.002

0.001

0.000

0.000

er

0.000

0.057

0.041

0.013

0.009

0.000

0.000

0.000

0.000

0.000

pr

0.142

0.067

0.049

0.032

0.012

0.005

0.002

0.000

0.000

hp

0.021

0.025

0.024

0.039

0.037

0.032

0.030

0.029

0.029

migration

0.758

0.594

0.542

0.500

0.491

0.485

0.483

0.482

0.481

Table 6 presents the implied population impact of the shocks, to convey the
magnitudes of the impulse responses. We recast the IRF coefficients to show the
response to an employment shock that creates 100 new jobs in a region. In the
initial period, the 100 new jobs are filled by 75 migrants into the region, 6
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individuals who would have otherwise been unemployed, and 18 individuals
who enter the labour force. The total working age population of the region
grows by 104 people, but not all of these people become employed: 23 are
expected to not be in the labour force (for example, non-working partners), and 5
are expected to be unemployed when they arrive.
Table 6. Implied human impact of the IRF: regional employment shock

Regional shock to employment

Initial
quarter

1 quarter 1 year
after
after

4 years
after

6 years
after

A. Net impact of change in employment due to:
Working age population

75

59

48

48

48

Employment rate

6

4

2

0

0

Participation rate

18

9

5

1

0

Employment response to shock

100

72

55

49

48

Employment

75

59

48

48

48

Unemployment

5

4

3

3

3

Non-labour force participants

23

18

15

15

15

Migration response to shock

104

81

66

66

66

B. Migration's impact on:

As the region adjusts over time, the employment rate and participation rate
return to their pre-shock levels – a consequence of their stationarity. Some
positive benefits of the shock remain: six years after the shock there are 48 more
jobs than without the shock. The long-run adjustment process is accounted for
entirely by migration into the region. There is some migration out of the region
after the initial inflow, causing the net change to the working age population to
be 66 people, 48 of whom are working, 3 unemployed, and 15 not in the labour
force.
This is a story of adjustment due to the movement of people: a new store
opens or expands in a region, and people move into the region to work. In the
initial periods of the shock the labour market behaviours of individuals living in
the region change temporarily: people who were not in the labour force may
decide to work. People who were unemployed find jobs. As the region adjusts,
the beneficial impact of the employment shock recedes, but not completely. In
the long run, approximately half of the extra jobs remain. As participation rates
and unemployment rates return to their long-run values, the extra jobs are filled
by migrants who move into the region. The working age population also adjusts
during this time: initially, many people move to the region, but as the positive
employment effect subsides people move out of the region again. The region is
left with a net gain in working age population, but not all of these new migrants
are employed: some are not in the labour force, and some are unemployed.
As a robustness check on the sensitivity of the results to the specification, we
have estimated the VAR with working age population explicitly included in the
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system. The results are unchanged.
The lack of a regional house price response provides an interesting paradox.
The adjustment process to a region-specific employment shock involves
migration into the region, which could be expected to cause an increase in
demand for housing, yet we do not see house prices rise materially in response to
this increase in demand. A 1 percent region-specific employment shock causes
house prices to rise by only 0.02 percent in the long run. This is in contrast to
the relationship observed at the national level, where a 1 percent employment
shock causes house prices to rise by almost 6 percent.
There are four possible explanations for this result. We deal with the first
three here and a fourth in the next section. The first is that the housing market is
to some extent a national market. If national trends determine local house prices,
we would not expect to see a house price response to a region-specific shock.
This may be a partial explanation for our results. As the region-specific house
price series displayed a unit root, regional house prices need not fully revert to
the national mean. However, there may be partial reversion to national prices.
An example of such national pricing is evident in regions that are attractive to
investors, such as South Waikato, which has high prospective rental yields and
higher rates of foreign ownership than other regions (RBNZ, 2007). The second
possibility is that housing market effects may be more localized than the regions
we use. For example, an employment shock such as a new factory in one
specific part of a region may affect house prices only in the immediate vicinity,
and not throughout the region as a whole. If this were the case, then our regions
may be too large to adequately capture the localized housing market effects. The
third explanation is that the relative sampling error in our data is high. Our data
are survey data and normal volatility due to sampling error is accentuated by
changes in sampling processes during the sample period.
6. A VECTOR ERROR CORRECTION MODEL?
A fourth explanation for the lack of estimated effects of an employment
shock on house prices within our regional VAR is that the dynamics of the two
series are not closely related at short time horizons, but a long run relationship
between the two may still exist. If this were the case, and if employment and
house prices were regionally cointegrated then a vector error correction model
(VECM) would be a more appropriate modelling approach. Prior to estimating a
VECM, we first test for cointegration between employment and house prices.
Both employment and house price display a unit root. We test for
cointegration between these series using a number of cointegration techniques.
These are summarised here; details are available on request from the authors.
The Kao Panel cointegration test finds evidence of cointegration between the two
series. Examining the individual regions, we find evidence of cointegration in
four regions out of the fifteen: Northland, Wellington East, Wellington West, and
Southland. Performing a principal components decomposition as in Holmes and
Grimes (2005) does not find cointegration between employment and house
prices, but suggests that there may be a common deterministic time trend
between employment and house price.
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We are not able to conclude unambiguously that there is a cointegrating
relationship between employment and house price from these tests; on balance,
the tests seem to reject such a relationship. Nevertheless, we have estimated a
vector error correction model by including the cointegrating vector between
employment and house price in the model, where the cointegrating vector is
obtained by regressing house price on employment and a constant. We then run
IRFs for an employment shock as before. The results from adopting this
approach do not differ materially from the VAR results presented above. We
therefore do not discuss these results explicitly here. However, we conclude that
the lack of response of house prices to regional employment shocks indicated by
our VAR model is not due to the model overlooking a longer run relationship
between the two variables.
7. CONCLUSION
This paper has analysed adjustment to employment shocks in New Zealand at
both a national and a regional level. This adjustment story is motivated by the
differences in regional fortunes experienced by New Zealand regions. While
national employment over the period 1989 to 2006 grew by 34 percent, the rate
of employment growth in North Auckland of 44 percent was over twice the rate
of growth of Southland of 20 percent.
We model the adjustment process between employment, employment rate,
participation rate, wages, and house prices using a panel VAR model. We find
that regional shocks are persistent: a region that has a positive employment shock
will continue to feel the positive effects of this shock in the future. While we
have focussed on positive shocks in this paper, the converse also holds: a region
that suffers a negative shock experiences a permanent negative effect from this
shock.
Migration is a major adjustment response to employment shocks. Nationally,
a 1 percent positive employment shock leads to a long-run level of employment
1.3 percent higher than in the absence of the shock, with approximately half of
these extra jobs filled by migrants. At the regional level, a 1 percent regionspecific shock causes the long-run regional share of employment to be 0.5
percent higher, with the adjustment to the employment shock entirely explained
by migration into the region in the long run.
An innovation in this paper was including house prices in the adjustment
response. A priori, we expect that an upward sloping supply curve will cause
house prices to rise in the face of increased employment. We find evidence of
this at the national level: a 1 percent increase in employment causes house prices
to rise by 6 percent. However, we do not find evidence of house price
adjustment in response to region-specific employment shocks. We offer three
explanations for this paradox: housing prices may be partially determined by a
national housing market, housing market adjustment may occur in more localised
areas than the ones that we use, or the volatility present in our data series may
mean sampling error is clouding our results. A fourth explanation, that house
prices and employment are cointegrated, does not appear to hold, and even if
they were cointegrated, our results are robust to incorporating this effect.
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