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Abstract

The New Zealand Regional Housing Model (NZRHM) includes estimated equations for four key
housing market variables: house prices, housing supply (new dwelling consents), residential
vacant land (lot) prices, and average rents. Long run (cointegration) relationships and short run
(error correction) relationships are estimated for each ofdhabéeg across 72 TLAs within

New Zealand. The model is designed so that it can be used for short to medium term
forecasting. It is also useful for simulating the effects of shocks to the housing market. The
paper presents simulationshaf impacts of sitks to exogenous variables (population, credit
restrictions, construction costs and farm prices) as well as shocks to policy variables (developer
contributions, accommodation supplement, and land availability). We also simulate the
consequences of the Gkechurch earthquakes for Canterbury housing outcomes. Fhe over
arching conclusion across all simulations is that housing markets are very slow to adjust to
disequilibria, such that exogenous shocks have very long lasting effects on prices and the housing
stock.

JEL codes
R21, R31

Keywords
House prices, housing supply, lot prices, rents, housing model



Contents

EXECULIVE SUMIMALY ... ..uuiiiiiiiiiiiiteeeeaae e e e e e e e e e e e e e e e e e mmmmmmnabebbbbb bbb e e e s s mmmmmm e e e e e e e e e e e e e e e e e e nnes 4.
R 011 o o [¥ o 1o o 1SS 10
2. MOl OVEIVIBW......euueiiiieee et ceeeee ettt e e e e e e e e eett e e s mmmmmmm e e e e e e eeesnnnnns 11..
I J B T | - WU PPPPR 14
S Y/ 111 g T To (o] [0 1 AP RR P 17
T Y To o (=]l 1] g F= L OO PP PP PP 19..
5.1, HOUSE PrICES.....uuiiiiiiiiiiiiiiiteeeeeee e meemnnn bbbt s e 19
5.2. HOUSING SUPPIY...cooieeeiieiiee et e smmemmm e e e e e e e e e e e e e meeennnee 24
TR T I B o = PP 29
S S (=T o | £ PPPP PP SPPPPPT 34..
5.5, FUIL SYSEIM. .ottt e mmmmmmm e e e aa e 40
6. SIMUIALIONS. ....eieuiiiiiee ettt e e e s et e e e eeetae s mmmmmmm e e eeeeeeeeeeessns s mnnnnns 42
6.1. Increased Population Level (FIQure.5).........ooooiiiiiceeeeeeiiiiiiieieeeeeeeee e 43
6.2. Tighter Credit Restrictions (FIQUI€.6)........cccccuumiiimereeeeeeeeieeeeeeeeeeeeemmeen 44
6.3. Lower Construction Costs (FIQUIe.Z)........ccovvvveiiiaccccciiiiiiiiiiiv e 45
6.4. Higher Farm Prices (FIQUIE.8).......coooii i eeeeiiiii e 46
6.5. Higher Development Contributions Charges per Consent (Figure.9)..47
6.6. Increased Accommodation Supplement Receipts (F)yure.1................ 41..
6.7. Effective Increase in Land Availability (Figure.11).......cccooeviiieene... 49
6.8. Christchurch City Dwelling Shock (Figure.12).........cccoooeviccccceeeveeeennns 50
6.9. Christchurch Earthquake (Figure81B3..............uuiiiiieimmm e 51..
A O o o3 013 (o] o L= PP 66
8. REBIBNCES... .o et ettt eeenen e e e e e e e aneens 68
APPENdiX 1: DAtAPPENAIX ....eeiiiiiiiiiiiiiiiias e eeeeeee e e e e e e e e e e e e e e e e s mmmmmmm e 69
A, RAWDALA.....c.oe i e 69
A.1 Accommodation Supplement Seﬁe|$,21 ................................................ 69..
A.2 Credit ReSHCtONS SErES) .M. ..o e 69
A.3 Developer plus Financial Contributions Sgfigs,;. .+
A.4 Farm Sales Datai]| [[aRdq | . oo 69
A.5 Censal DWelliNg COUMIS; .M. .c.cvoviuiiiiiiieceer et eeemne e 70
A.6 Housing Consents, f i

A7 Land Value Datd, T & M .e e cemeeee e emennme et 70.
A.8 One year Mortgage Interest RAtBILL. ...........coevverveieemeeeeeeeiesiesie e eeceeed A
A.9 Suknational Population Levels . . .....cooooovii i) 71
A.10 Building Cost INdef, || ..o e 71.



A.11 CoNSUMET PriCe INGX, F. Moo eemneee e smeenn s 72
A.12 Local House Price Inddxg
A.13 Local Residential Land (Lot) Sales Hri¢e;;

A.14 Stratified Mean ReNnt SEHES: . M. ....cocrviiiirieeeeeereceieeiee e emenee e 43

A.15 Regional Economic Activity INCEXE = .5 ®e..oorvrviierieeeeee e, 73.
B: Data DeriVatiOn..........coeiiiiiiiiieeeee i seme e mmmmn e 74

B.1 Accommod®dn Supplement Series:| Z4..........cccovrvrieeeeerneennern, 74..
B.2 Developer Contributions per Housing Congert, 5 <

B.3 Sulnational TLA ClassifiCations...............ccvvvimeeeeesiiieie s eesmene 75

B.4 Suknational DWelling StOGH, & . M. .cviviiieiieiiceree e 77

B.5 Quarterly Price Growth Seried| 44 F «ff5 @ 47 | g T8
B.6 Region Specific Farm Prife) & ...c.cooorrreeeeeeccieeseececeeeeecee e 19

B.7 Rental Yield, & [lag) B oo 79.

B.8 Real User Cost of Capialf .
Appendix 2: Derivation of Inverse Housing Demand Function (Grimes and Aitken,.281.0)

Figures
Figure 1: Schematic Representation of Housing Madel..............oceeeeeeeeiiiiiiiniiiieeees 13

Figure 2StylisedBargaining Game (Land Price Determinants per.Lat)................ccccc..29

Figure 3: Rental RelatioNShIRS...........uuiiiiii e cmmmmen e 35
Figure 4: Accommodation Supplement Rental Assistanc&FREIE.(...........coveevevverieeneee. 36
Figure 5: Simulation..of...Manukau..RopulStion a
Figure 6: Simulation of National NBarforming Loans Ratid  2.p.P...cccevvvvvriirieenns 56
Figure 7: Simulation of ..Nat.i.anal..ConsB.ructio
Figure 8: Simulation..of..Manukau.. . Farm.®Brice «
Figure 9: Simulai on of Manukau Devel oper Cont.ub59 buti or
Figure 10: Simulation of National Accommodation Supplement Re¢ s.....a....1..0.%0.
Figure 11: Simulation of..Manukauwu..LandblAvail a

Figure 12: Simulation of Christchur.ché2Dwel | i

Figure 13: Simulation of Impact of a Christchurch earthquake on Christchurch......... 63.
Figure 14: Simulation of Impact of a Christchurch earthquake on Waimakaii.......... 64.
Figure 15: Simulation of Impact of a Christcheacthquake on Selwyn.........................d 65


file://motu-dc/data/Dissemination%20and%20Networks/Publications/Working%20Papers/2013%20Working%20Papers/13__%20Grimes/13__%20formatted%20A%20New%20Zealand%20Regional%20Housing%20Model.docx%23_Toc347501213

Tables

Table 1Data Definition®) RAW SErIES........ccooiiiiiiii i ceeeeee ittt s 15.
Table 2Data Summargy UtiliSEd SErieS.........cccoieiii i ceeeeeeiiiviiiiee s e 16..
Table 3: Long Run House Price Estimation ReSUILS.........cooovii v e 22

Table 4: Short Run House Price Estimation ReSUItS........o.veeiieoceeceeeiieiiiiiiceee . 23

Table 5: LondRun Housing Supply Estimation RESUIS............uuiiiicceeeee e 25
Table 6: ShoiRun Housing Supply Estimation RESUILS..............covimmmccceeeeeeeeeeeeeviiiees 28
Table 7: Long Run Létrice Estimation RESUILS.............uuiiiiicccc e eeeeeee e 32
Table 8: ShofRun Lot Price Estimation ReSUIS.............oooiiimeeeiiiiiiiiiiiii e 33
Table 9: LondRun Rental Estimation RESULLS............oiiiiii oo eemmmme e 37
Table 10: Sirt Run Rental Estimation RESUIS............uvvviiimmmm i ceeeeee s 39
Table 11: Long RUN EQUALIONS............oovvviiiceeeeeeiii i eeeeeeeeevseeeeeeesnnnnnne e e e e e e e e s s eee s A0
Table 12: Short Run Equations (SUR EStIMAtes)...........oooiicmmmeiiiiiiiiiiiiiiiiie e 41






Executive Summary

The New Zealand Regional Housing Model (NZRHM) provides a framework to analyse
the impacts of key policy choices (e.g. changes in development contributions or land supply) and
other exogenous influences (e.gulaijon changes) on housing market outcomes. It can also

be used for short to medium term forecasting purposes.

Four key variables are modelled: house prices, housing supply (new dwelling consents),
residential vacant land (lot) prices, and averag&eatt®f these is modelled at the TLA level
across 72 TLAs within New Zealand. Equations are estimated using quarterly data from the early
to mid 1990s to 2011Q2.

The four modelled (endogenous) variables interact with each other and are influenced by
a ramge of exogenous influences. Thus one can trace the effects of, say, a change in the rate of
development contributions through to residential lot prices, house prices, rents and new housing
supply.

Each of the four modelled relationships has a long tguitibjgum) component that
shows the value to which the modelled variable will tend given the values of the policy and
exogenous variables in the system. The values of the policy and exogenous variables will alter
over time, so the equilibrium path of eaddelled variable will also change over time. Values
of the exogenous variables differ across TLAs and so ea8lwhilé driven by the same
underlying economic forcésvill have differing housing market outcomes reflecting its own
population and othelevelopments.

In addition, the model is estimated with a dynamic component that shows how each
endogenous variable moves on a quarterly basis towards the equilibrium. In doing so, recent
changes in other variables may impact the dynamic adjustmentgyathllypcausing some
initial movements away from equilibrium. Price expectations, in particular, may cause housing

market adjustments that lead to temporary deviations in outcomes away from equilibrium.

Figure 1, in the main body of the paper, proddesematic demonstration of the inter

relationships within the model. These relationships are briefly summarised as follows.

House prices in each TLA are determined, in the long run, positively by: population
relative to the existing housing stock,etel lof accommodation supplement payable to
homeowners, and long term income developrfreptesented by a trend term). House prices

are influenced negatively by the cost and the restrictiveness of credit. Additional short term



influences include changesegional economic activity and changes in average rents (both
positively).

In the long run, lot prices (i.e. prices for residential vacant land) are positively
determined, by: farm prices, house prices, development plus financial contributions that are
payable to the council, and by population pressures (current population relative to population in
1991).

Long run rents are positively determined by: house prices and interest rates (the one year
mortgage rate). Rents are influenced negatively by expeofdtture house price inflation
(proxied by three year rates of past house price inflation) since expected capital gain forms part
of the total expected return on a rental property for a landlord. An additional (positive) short
term influence is thdnange in the average rate of accommodation supplement payable to

renters.

An equilibrium relationship exists between house prices and the total cost of building a
new dwelling comprising both lot prices and construction costs. New dwelling supply (proxied
by new housing consents) reacts positively to: the ratio of house prices to total new dwelling
costs, and rates of change (over the preceding three years) in house prices and construction

costs. New dwelling supply reacts negatively to changes imithiggrsss of credit.

The value of the model is illustrated by simulating the implications of various shocks to
the model for the Manukau TLA, including shocks to exogenous variables (population, credit
restrictions, construction costs and farm priceslbas to policy variables (developer
contributions per housing consent, accommodation supplement receipts and land availability).
We further test the model by replicating several key consequences of the Christchurch
Earthquakes, and consider the dynaffect on the housing markets of Christchurch City and
the surrounding TLAOS.

The overarching conclusion across all simulations is that housing markets are very slow
to adjust to disequilibria, such that exogenous shocks have very long lastingesffexzaily S
we find that an increase in population leads to a prolonged period of upward pressure on prices
(house, land and rent), continuing until the dwelling stock adjusts to restore dwellings per capita.
The model shows that tighter credit restristlead to a large subsequent reduction in housing
construction and prices; however the lower level of construction leads to a lower stock of
housing which introduces upward pressure on prices due to the fixed population. This, in turn,
ultimately encourag local construction and prices to move back towards baseline in spite of

permanent changes to credit restrictions, with a permanently lower dwelling stock as the result.



In further simulations, the NZRHM suggests a productivity increase that reduces
naional construction costs will lead to a higher stock of dwellings for an extended period, and a
permanently lower level of house (and land) prices. Increasing farm prices or developer
contributions per housing consent affects the price floor for re$idecaiat land. However,
we estimate only a small effect on Manukau land prices as a result, since these prices are
determined more by demand side factors (house prices less construction costs) than by supply
side factors. We therefore estimate only vely ismpacts on house prices or construction
activity. Greater accommodation supplement receipts lead to increased house, land and rental
prices, which drive greater construction. Finally, we find that increasing land availability leads to
lower land price$ut this change is insufficient to have a material effect on other outcomes over

the relatively shortyeear window that is simulated.

In response to our Christchurch Earthquake simulations, the NZRHM suggests that
Waimakariri and Selwyn will experiensigortage of housing for an extended period, which will
be reflected in house and land prices following the housing stock and population changes after
the Christchurch earthquakes. The key implications for Christchurch City are that the
destruction of hasing and land will lead to a significant and prolonged degree of upward
pressure on prices and construction. However if population adjusts to a lower level in the long
run, prices should return to the baseline comparison, with a permanently lowenctsakgof

thereafter.



1. Introduction

The New Zealand Productivity Commission (2012) report into housing affordability
highlighted a number of important policy questions. These questions include: How does a
change in land availability affect land prices, house prices, rents and newoo@nstaveti
does a change in construction costs affect these outcomes? How does migration affect these
outcomes? Currently, there is no model available in New Zealand that can answer these

guestions at a regional or even a national scale.

The New Zealand B®nal Housing Model (NZRHM) has been built to provide
answers to these questions. It does so at the Territorial Local Authority (TLA) level, and so is
able to address housing issues that are specific to particular cities, towns and rural areas. The datz
covers the 72 TLAs that existed prior to Aucl
Auckland as seven separate areas.

Four key variables are modelled: house prices, housing supply (new dwelling consents),
residential vacant land (lot) prices, andge/egats. Each of these is modelled at the TLA level.
Equations are estimated using quarterly data from the early to mid 1990s to 2011Q2 (starting
dates depend on data availability). The model can be used for analytical purposes (e.g. to model
effects of @hange in accommodation supplement or in migration) and for short to medium
term forecasting purposes.

While drawing on prior models estimated within New Zealand (especially Grimes and
Aitken, 2007 and 2010), this model uses superior data that wasbilenorgilreviously
published models, especially for the price and cost variables. The data sources have been chosen
so that they are readily updateable in future. In obtaining the data, considerable work has had to
be undertaken to derive new quarterlgseat the TLA level, on a range of variables including:
the number of dwellings, residential land (lot) prices, and average development plus financial

contributions for new developments.

The next section provides a broad overview of the model. Dafstiaration issues are
then discussed briefly (with fuller discussion of data in the Data Appendix). Detailed descriptions
of the four key relationshipsiouse prices, housing supply, lot prices, andrargshen
presented. In each case, the estimapiproach provides both long run equilibrium
relationships amongst the variables, and short run equations describing the dynamic adjustment
of each variable over time towards the long run equilibrium. Exogenous variables which affect
the long run equilibrm (e.g. population and incomes) change over time, so the long run

equilibrium outcome for each endogenous variable also changes over time. Simulations of the
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full model in response to various shocks are then presented, with the paper concluding with

somesuggested possibilities for further developments.

2. Model Overview

The New Zealand Regional Housing Model comprises four key relationships explaining:
house prices, house construction (and hence dwelling stock), residential land (lot) prices, and
rents. Thenodel is estimated across all 72 Territorial Local Authorities (TLAS) in mainland New
Zealand (keeping the newly amalgamated Auckland TLAs as separate authorities, and
incorporating the former Banks Peninsula TLA as part of Christchurch City). Alhgnosiedli
guarterly data extending from the early to mid 1990s to 2011Q2.

For modelling purposes, a single aggregate housing market is assumed to exist within
each TLA; thus we do not differentiate between housing of different quality within a TLA. The
sane housing market relationships (e.g. functional form and elasticities) are assumed to operate
across all TLAs. However, specific features of individual TLAs are included in the model
through inclusion of TLApecific values for exogenous influences ¢@gagton) and through
inclusion of TLA fixed effects, whilst we also test for the equality of a set of responses across
subgroups of TLASs.

The model can be used both for policy simulation purposes and for short to medium
term forecasting. Data sourcegehideen chosen to be capable of easy updating so that the
model can be kept current and be used for forecasting purposes. The requirement that data be
capable of easy updating is a key reason behind the assumption of a homogeneous housing
market within e&icTLA. This requiremeidalong with availability of data at TLA Iévalso

affects the choice of variables included in the model specification.

Two of the four key relationships are based on the model published by Grimes and
Aitken (2010), specificalysupply equation for new houses and a demand equation. The
demand equation takes the supply of houses (dwellings) as given in the short run and therefore

takes the form of a house price equation.

The third relationship is an equation determining raaldenh(vacant section) prices.
This relationship is included both because of its intrinsic interest (i.e. why are residential lot
prices high or low in some areas, and do policy choices affect lot prices) and because lot prices

themselves influence theoply of new dwellings (and hence long run house prices).

The fourth relationship is an equation determining average rents. The level of rents is of

policy interest in its own right. Furthermesoeme policies that could affect rents (e.g.
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accommodatiosupplement receipts) may also affect house prices, so there are policy as well as

economic modelling reasons for treating rents and house prices asedat@uerystem.

Other variables are left unmodelled, i.e. are treated as exogenous to tbis system
equations. These variables, which have important roles in influencing housing outcomes, include:
population, building construction costs (at national level), incomes, interest rates, and housing
related policy variables (e.g. development contribuibas@mmodation supplement). Some
of these variables, such as population, could in future be modelled so as to include their

interrelationships with housing influences.

The equations are modelled using panel cointegration and error correction approaches,
given the time series properties of the data. This approach enables us to identify long run
equilibrium relationships between variables and to model the dynamics of adjustment towards

the long run equilibrium following shocks to the system.

The recursiveature of the model enables us to simulate the effects of an individual
shock as it feeds through to multiple variables in the model over time (taking the values of
exogenous variables as given). For instance, the model can simulate the impact of a rise in
developer contributions on residential lot prices, thence to new housing supply, house prices and
rents. In doing so, population and incomes of an area are assumed to remain unaffected; thus the
simulation is best thought of as a short to medium terrsiarniaft does not (at this stage)

incorporate population and rbousing economic responses.

Figure 1 provides a schematic representation of the model. The four endogenous
variables (house prices, dwelling stock, lot prices and rents) are affectee lof exegenous
factors. In addition, endogenous variables interact amongst themselves. Key aspects of the

model are explained below.
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Figure 1: Schematic Representation of Housing Model

Exogenous Endogenous Exogenous
Variables Variables Variables
+ House prices
Incomes + )
Farm prices
+ +

Lot prices

Population — ] + | Development

contributions

Accommodation +

supplement <

Rents +
S~ Interest rates

Construction Dwelling stock
costs

Credit
restrictions

House prices, in the long run, agtedmined by the demand for housing relative to the
existing supply of dwellings. The latter iglptermined in the shemdn by the stock of houses
at the end of last quarter (with new supply being unable to react to new information within a
guarter). Tie specification of housing demand (and hence house prices) is based on a model of
optimising consumers. Housing demand is affected positively by rises in population (relative to
the dwelling stock), incomes and governmental support forasenerers; rés also affect
house prices positively in the short run. House prices are affected negatively by interest rates
(less expectations of house price inflation), bank credit restrictions (reflected, for instance,

through higher owner equity requirements)thandwelling stock.

Additions to the dwelling stock occur when it is profitable for builders/developers to
build new dwellings. Thus new construction responds positively to increasing house prices, but is
affected negatively by rises in residentiali¢etspnd construction costs. New construction is

also restricted by tighter credit conditions.

13



The lower bound on residential lot prices is determined by farm prices plus development
contributions (that must be paid to the local council when develogangi)h@us construction
costs incurred in developing farmland into residential lots. However, lot prices may rise above
this base level according to the level of local house prices and the impact of population pressures

(for example, because of the preseri zoning or geographical constraints on expansion).

Rents are set so as to provide landlords with a market yield, given the level of house
prices. Thus rents rise in response to increases in both house prices and interest rates. The total
real yieldd landlords equals the rental yield plus expected real capital gains on the house; thus
rental yields fall as expected capital gains rise. Rents (relative to house prices) may also rise as
government rental assistance (accommodation supplement) ristscilbiethis policy
instrument will depend on the elasticity of supply of new landlords and so will differ in the long
run relative to the short run given that this elasticity is likely to increase as the time horizon

lengthens.

Each of the four relatighips is described in more detail below. First, the data and data

sources are described, and the estimation methodology is outlined.

3. Data

Most of our data series are available (or proxied) for the 72 TLAs that existed prior to
Auckl andds a msavdnduckiead TiLAS cantinde loebe treated as separate entities
in the model. Some series are available only
the variable). All data are available or converted to quarterly frequency, andvadabbere
from the time of TLA formation in 1991 through to 2011 (though some series are available only

for shorter timespans).

Appendix 1 provides a detailed description of every data series; the source data is
described in section A, and any processddaisonvert it into its final form is explained in
section B. A briefer description of the raw series used in our modelling, and their sources, is
provided in Table 1. The data frequency in this table refers to the frequency of the source data;
where th8 is not listed as being quarterly, we have constructed quarterly proxies as described in

the data appendix.

! We note that generated data in this manner leads to greater standard errors than indicated by standard
regression software outputs (i.e. a generated regressor problem). In practice, virtually all macro data (even
official CPI or GDP series) are generatathénd so suffer from the same issues; hence standard errors are
likely to be uderstated when running regressions using (implicitly or explicitly generated) macro data.
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This model makes use of lenig relationships and shoun deviations about this
relationship. The long run equations establish relationstweeb (nostationary) variables
that have a changing mean over time, while the short run equations establish relationships
between (stationary) variables that have a constant mean over time. As a result, it is important to
consider the order of integaatifor each series that appears within the model (i.e. to test
whether the variables have a constant or changing mean over time). For national series, we test
for stationarity in both levels and changes of the series using an Augmenté&dilzickey
(ADF) test, where the lag length is chosen to minimise the Schwarz Bayesian Information
Criterion (SBIC). For regional series we test for a unit root in both the level and changes of the
series with the IfResaraishin (IPS) panel unit root test. Under botls bt null hypothesis is
that the series has a unit root (changing mean oveiinie)2 presents the results of these
tests for all variables used in our final estinvatese the first column states which test is used,
depending on whether the seisaggionally varying, whilst the second and third columns
display the walue from the test under the null hypothesis of a unit root in levels and changes,

respectively.

Table 1 Data Definitions d Raw Series

Variable Definition Source Data Frequency
0°Y  Accommodatior@upplementrfultiple serigs  MSD Quarterly
0 'Y  Credit restrictions RBNZ Quarterly
00 Development contributions DBH & SNZ Quarterly

O CensaDwelling stock SNZ 5 yearly
@ Housing consents QVNZ Quarterly

Q 1year mortgagaterest rate RBNZ Quarterly

0 Population SNZ Annual

0 6  Residential construction cost Nz Quarterly
6 0 "O Consumer price index SNZ Quarterly
0’0  Farm price QVNZ Quarterly
0’0  House price QVNZ Quarterly
00 Lot price QVNZ Quarterly

Y Average rental DBH Quarterly
YO Regional economic activity ANZ/NBNZ Quatrterly
“Y'Q& ¢ Time trend n/a Quarterly

ANZ/NBNZ=ANZ/National Bank of New Zeal@®ti=Department of Building and Housing (now MBIE);
MSD=Ministry oSocial Development; QVNZ=Quotable Value New Zealand; SNZ=Statistics New Zealand;
RBNZzZ=Reserve Bank of New Zealand.
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Table 2 Data Summaryd Utilised Series

HO: Unit Root in HO: Unit Root in
Variable Test Levels Changes
0"y ADF [0.2887] [0.0000]
oY ADF [0.2836] [0.0000]
6'Y ADF [0.6670] [0.0062]
04QH IPS [0.9080] [0.0000]
'O IPS [1.0000] [0.0000]
[O) (¥ IPS [1.0000] [0.0000]
@ 00 IPS [0.0000] [0.0000]
0 ADF [0.0556] [0.0000]
0 IPS [1.0000] [0.0000]
06 ADF [0.9522] [0.0446]
06 ADF [0.0996] [0.1674]
06 ADF [1.0000] [0.0000]
00 IPS [0.0000] [0.0000]
00 IPS [1.0000] [0.0000]
00 IPS [0.9970] [0.0000]
0'Q oY IPS [1.0000] [0.0000]
0 'Q 005 IPS [0.6972] [0.0000]
00 IPS [1.0000] [0.0000]
00 IPS [0.0470] [0.0000]
Y IPS [1.0000] [0.0000]
Yj 08) O IPS [0.5964] [0.0000]
YO IPS [1.0000] [0.0000]
Y6 IPS [0.6850] [0.0000]

The stationaritgf the series follows general perceptions. The housing investment rate,
defined as the number of new housing consents relative to the existing housing stock, exhibits
strong evidence of stationarity. (Farm prices, unexpectedly, also appearisti&i@isry
although this may be due to noise in the series that can bias the test towards rejecting a unit root,
and we treat them as being-stationary.) There is weak evidence of stationarity in interest
rates, as well as the average growth rate in boddiagnd lot prices; in these cases it is best to

treat the series as beingstationary in levels. We fail to reject the null hypothesis-of non
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stationarity for all other level series. For every series except building costs, as well as its
geometric\gerage growth rate, we reject the null hypothesis of a unit root in changes at the 1%
significance level. We can reject the null hypothesis of a unit root in changes of building costs at
the 5% significance level. The test statistic on the level ofgbeoisiiaverage growth has a p

value of less than 0.10, so we treat the change in this variable as being stationary, although the

test statistic on the differenced varipbtes si bl 'y i ndi c-dt E5eaedegngé.

4. Methodology

We adopt a panestimation framework to model each of our relationships using a
cointegratiosbased approach. Using this approach, a long run equilibrium (cointegrating)
relationship is estimated. The estimated residual from this equation must be stationary; i.e. have
amean of zero consistently over the full sample. Accordingly, over time, the values of the
variables included in the equation return to the estimated relationship amongst themselves, thus

implying a long run relationship between these variables.

This long un equilibrium equation is supplemented by a short run (error correction)
equation. The latter equation tests whether changes in the variable of interest respond
significantly to the lagged disequilibrium term (i.e. to the lagged residual from treingintegr
equation). A significant response to the lagged disequilibrium term is required to establish that
the variable of interest does adjust towards equilibrium following a shock. The error correction
equations also include other (stationary) varialesltd the dynamics of adjustment. All
variables in the error correction equations are lagged to avoid endogeneity (simulataneous

determination) problerfs.

We use the same panel unit root test (IPS) as used in the data section to test for
stationarity (veus the null hypothesis of a unit root) of the residual from the long run equation.
We also employ the Leaim-Chu (LLC) panel unit root test, although this test assumes that
the same time series processes operate across TLAs whereas the IPS dedkisot mak
restriction. For this reason, the IPS is our preferred test. However we note that neither the IPS
nor the LLC test is strictly appropriate to test the stationarity of a residual obtained using
estimated parameters. We therefore supplement thesettegte requirement that the residual
from the cointegrating regression be strongly significant (p<0.01) in the error correction

equation.

2 Endogeneity is not an issue in the cointegrating regressions given the-soipggency property of
coefficients on nosstationary variables in such regressions. .
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The cointegrating equations all include area (TLA) fixed effects, which allow for a
different constant term foraaTLA reflecting (unchanging) local conditions. Three of the four
equations also include time fixed effects reflecting national developments. For the house price
equation we consider that there may be unobserved trending factors applicable to housing
demad in specific TLAS6s (e.g. a changing pref
and so we include Tkgpecific time trends to reflect these factors. The short run equations do
not include separate area or time fixed effects (or time treadghgtthese are incorporated
into the long run relationships. No spatial interactions between TLAs have been incorporated.

Future work could examine issues of spatial interactions, especially within larger conurbations.

All equations are estimated atiyi by ordinary least squares (OLS). This is appropriate
for the long run (cointegration) equations (given theirsopgistency properties with ron
stationary variables). It is also appropriate (although not necessarily efficient) for the short run
(error correction) equations given that no current endogenous variables are included in these

equations.

For each of the short run equations we present a table of estimates for the preferred

specificationThe first column in each of these tables presers6timates with

conventionalhestimated standard errors. The adjusted coefficient of vaNatiand F

statistic for the model (with associated significance value) are presentedeffiogent is the
(PraisWinston) estimate of the autoregresgarameter in the residuals to indicate the degree

of residual autocorrelation in the estimated equation. The second column presents the OLS
estimates with New&Yest standard errors that are robust to the presence of autocorrelation

and heteroskedastjci{Coefficient estimates are identical to those in the first column so other
test statistics are not repeated.) A heuri st
whether the Newéyest standard errors are similar to the conventional OL&dtandrs; if

they are, then the OLS specification is broadly free of heteroskedasticity and autocorrelation.
The third column presents estimates obtained when we estimate all four short run equations (for
house prices, house supply, lot prices and tagg#f)er as a system using seemingly unrelated
regressions (SUR). In this case, the number of observations is given by the equation with the
shortest time span for data (199-2031Q2). These estimates take account of the information

in all four equationshen estimated as a system, and so are more efficient than the single
equation estimates. The SUR results (which are very similar to the OLS results) represent our

preferred short run model estimates.
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The following four sections describe each relatiangmipre detail. For a less technical

description of each relationship, refer to the Executive Summary.

5. Model Estimates

5.1. House Prices

House prices are a jump variable, equating short run housing demand with fixed short
run supply. Accordingly, house priaaes be modelled using an inverse demand function, taking
supply as given in the short ridemand for housing services is one element in a system of
consumer demands and can therefore be modelled using a standard intertemporal consumption
capital assetipmg model (Merton, 1978)we assume thabnsumers have constant relative
risk aversion utility functions that are separable in each period betwezusiman
consumption and housing services, the aggregate equilibrium inverse demand function is give
by (Pain and Westaway, 1997; Grimes and Aitken; 2010)

. .00 Coa O] S .0€E0 L L
I p T I +=T111—= 71I= I YO
vo U v (1)
wher@ is the coefficient of relative risk aversion-aisdhe ratio of housing services to the

housing stock. Derivation of this equation is reproduced in Appendix 2.

The real house pricgd "@ 6 is decreasing in the per capita housing s@tk and
the real user cost of capifa 6, whilst incresing in real consumptiot £ ¢ per capita,
whereN is population. The real user cost of capital is defined as the real opportunity cost of
investment, less three year extrapolated real growth in house prices; the specification is detailed
in the DataAppendix, subsection B.8. The extrapolated real house price growth variable (which
is specified as in Grimes and Aitken (2010)
hypothesis that housing market participants exhibit extrapolative behaviocavhes tib

forming expectations of house prices.

We make a number of practical modifications to the derived long run equations. First,
because the real user cost of capital can be negative, we do not log transform the variable, and
inskead freely estimats coefficient Second, given the lack of available data on TLA
consumption, we need to proxy the per capita consumption variable (meaning that the
coefficient on the proxy variable can be expected to differ from that on the per capita dwelling
variable)We test three proxies for per capita consumption. First, we include a derived per capita

production variabld>(ofN ). This variable is derived from national industry GDP data weighted
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according to local TLA employment shar&nce this proxy doestralow for sectoral

productivity to differ across TLAs, we cannot be sure how accurate an indicator this variable is
of TLA per capita incomes. Second, we includ
Regional Economic ActivitlREEA) in place of comsnption. This variable is available at the

Regional Council (RC) level, and we attribute theRiEafMimdex to each TLA within an RC.

This index is not an official series, but instead forms an index from a number of short run
indicator variables for ea@gion, so again we cannot be sure of its accuracy as a measure of
local long run consumption. The quarterly changsAmay, however, provide a useful

indicator of changes in regional economic activity. Thkiidclude area specific fixed effects
andarea specifttme trend¢Timgto take account of trending per capita consumption, as well

as differing amenity values and changing household size across TLAs across time. This variable
accounts for any deterministic (constant) changes in incom@as@vathin a TLA, and allows

these trends to differ between TLAs.

In estimating the long run relationship using each of these three proxies, we do not find
a significant positive coefficientlod i &Q. Similarly, we find no significant long rdecf
of the Regional Economic ActiviBEA) variable. When we include time trends in the long run
equation, the estimated coefficients on all 72 TLA time trends are positive and significant. This
result is consistent with an upward trend in per camtaasavithin TLAs. We therefore
include the time trends to proxy for TLA specific long run per capita consumption trends in the

equation.

Since house purchaserayface creditonstraintswe include a proxy for the tightness
of bank mortgage lending reagions. The chosen credit restrictions protheiationa) ratio
of nonperforming loans to gross lending inktheking secto€R Higher norperforming
l oans |l ead to a reduction in bank cagmset al an
new loans (Claus and Grimes, 2003). Accordindlypothesise hat as banksd bad
all sectors (not just housimggrease as a proportion of their loan book, they impose tighter
housing equity and/or servicing covenants on borrowershemadrestrictions curb the
maximum price that potential house purchasers can bid for houses. Inclusion of this variable
restricts ousample period to 1996Q1 onwaFdsthermore, its inclusion (and inclusion of
TLA specific time trends) means that amnot include time fixed effects in the long run

specification.

® This variable is nahcluded in the final modeko is not detailedurther in the data section odata appendix.

20



It is possible that housing assistance, provided by the Government through the
accommodation supplement, may influence housing demand (and house pritesueither
theoownho e @nd i thr a n s f e formex caegpy provieles assistance to
lower income house owners to help meet mortgage payments. The latter provides assistance to
lower income renters, which may induce landlords to bid higher prices for houses and then seek
hgher rents facilitated by renter ®Doth ncr ease
these possibilities. &te is a strong correlation betwisese two related polisgriegr=0.87
for the real assistance paid per recipient across thentenvauha rental categories). In the face
of this issue, we test six separate definitions of the accommodation supplement (AS) variable
Each term is lagged one quarter in case the rate of assistance is driven mechanically off the
current house price or refihe variables are defined in the Data Appendix (Section B). Only
one assistaneariabled Y (the real rate of ownhome assistance per recipient), is
significantly positive when entered alone and/or in conjunction witi\8ttesms to the long
run house price equation, so we retain this variable. (Note that the accommodation supplement

term is entered as the level of the net rate of assistance, which is approximately equivalent to the

log of the gross rate of assistancéf i@. 0 Y @y )

The resulting specification of the long run housing demand (house price) equation is
shown as (3), with estimation results given in Table 3.
. .00 .20 c oy o . g
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From Table 3, we observe that in the long run, an increase in the per capita dwelling
stock H/N ) reduces house prices, as expected. Furthermore, higher cost aJChapitdl (
tighter credit restriction€R) both reduce long run house prices, while an increase in the rate of
accommodation supplement assistance to homeowners raises house prices. As incomes trend

higher, house prices also rise (given the positive coefficients on all 72 time trends).

The residddrom the long run equation is stationary according to the IPS statistic but
not quite at the 1% level according to the more restrictive LLC test. It is important, therefore, to

test that the error correction term is strongly significant in the shequation.

We next consider the dynamics around thertongquilibrium. The short run model
explains the change in (the log of real) house prices as being determined by reversion towards
the equilibrium house price (given any disequilibrium at theteagdvious quarter). This
disequilibrium variable is denotged , which is the residual (error correction term) from the

long run equation. In addition, short run house price changes may be affected by lagged changes
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in the variables affecting laiig house prices. Thus we test for the significance of the lagged
change in each variable that appears in the long run equation within the short run house price
equation. We also test significance of the changes in the proxies for per capita consumption,
finding that the change in per caREA has a significant (short run) impact.

Table 3 Long Run House Price Estimation Results

Regressor Coefficients
6EET OME O 9.7634*+*
(0.1334)

1 TOjO -2.1854***
(0.2015)

6'Y -0.0146%**
(0.0052)

%) -0.0498%*+*
(0.0014)

oY 0.0160%**
(0.0007)

0 @ (1996Q22011Q2) 4320

Y 0.9544
006 -2.2762
[0.0114]

‘00 Y -11.4133
[0.0000]

Note: In this and subsequent tabfesalues are shown beneath unit tests Sandard errors are shown beneath
coefficients; **** * indicates significant at 1986, 10% respectively using a conventigest (which is appropriate for the
short run equations; but included as indicative only for long run equations)céiseamoefficients on area and time fixed
effects (and arespecific time trends) are not reported. Obs is the number of observations, with the sample period shown in
brackets.

The dynamic adjustment of house prices may also be influenced by shangesino
rents, leading to renters or prospective landlords bidding more for houses when rents have risen.
We include lagged changes in the log of real rents pelyyeafDé ), in the short run

house price model. The resulting equation venshs (4) with estimates presented in Table 4.

N R L’)"O N R "OFI R . !Y !O é . . '
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As described in thdethodology section, three sets of estimates are presented in Table
4. The first column presents OLS estimates with conventestatigted standard errors. There
is virtually a complete absence of serial correkati@).(Nevertheless, for consistency with
other tables of short run results, the second column presents the OLS estimates with Newey

West standard errors that are robust to the presence of autocorrelation and heteroskedasticity.
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The standard errors acrosstthe columns are very similar, consistent with the small estimated
value o# . The third column presents the SUR estimates. Again, the results are very similar to

the other estimates.

The coefficient on the error correction term, withiaue greatehan 18 in absolute
value, is highly significant, reinforcing the conclusion that the (restricted) long run specification
represents a valid cointegrating vector. The negative coefficient on this term implies that if house
prices are below (above) equiibriast period, the current change (ceteris paribus) is positive
(negative), thus bringing prices towards the long run equilibrium. In addition to the lagged
residual, the (changes in) per capita dwelling stock, credit restrictions and accommodation
supplenent are significant with the hypothesised Jigashange in the user cost of capital has
the expected sign; while not directly significant in the short run, this variable still impacts on

short run house prices through the disequilibrium term.

Table 4: ShortRun House Price Estimation Results

Regressor OLS Newey We s SUR Estimates
O0Eti OWEDO 0.0088*** 0.0088*** 0.0080***
(0.0009) (0.0008) (0.0009)
- K -0.1619%** -0.1619%** -0.1585***
(0.0070) (0.0089) (0.0069)
wl TO; 05 -0.6166** -0.6166** -0.4339
(0.2796) (0.2905) (0.2764)
wl TYOoq jog 0.2288%**+ 0.2288*+* 0.2694***
(0.0543) (0.0521) (0.0537)
w5 -0.0017 -0.0017 -0.0018
(0.0012) (0.0020) (0.0012)
w OY -0.0736*** -0.0736*** -0.0703***
(0.0056) (0.0056) (0.0056)
wd Y 0.0049%** 0.0049%** 0.0051***
(0.0005) (0.0005) (0.0005)
wl TY; j06 0.0275%** 0.0275** 0.0274%**
(0.0083) (0.0117) (0.0083)
. -0.0044
0 @ (1996Q42011Q2) 4248 4248 4248
Y 0.1919 0.1919 0.1915
"0 145.0765*+*

Note: In this and subsequent tables of short run estimates, the obs#atatiefer to the OLS and Newey West
columns; SUR estimates are estimated 0\Gp4:2911Q2.

The (change in the) per capit® income variable is significant and positive, as is the
rents term. Since we are dealing with elasticities, the coefficients imply that a 1% rise in per

capita economic activity in a quarter results in a 0.23% rise in house prices next quarter, while a
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1%rise in rents in a quarter results in a small (but statistically significant) rise of 0.025% in house

prices next quarter.

Together, the long and short run equations show that a higher housing stock (relative to
population) places long run downward pressu house prices. Higher user costs of capital and
more stringent bank lending restrictions also place downward pressure on house prices. Higher

per capita incomes and rents, in contrast, place upward pressure on house prices in the short run.

Higher ré¢es of accommodation supplement for homeowners place upward pressure on
house prices. We find no evidence that rates of rental assistance have any direct impact on house
prices. However, as noted above, the rental and ownhome assistance rates arelaigtly co
Accordingly, our ownhome assistance variable may be proxying for the influence of the
accommodation supplement scheme as a whole. We therefore caution that the AS estimate
should be considered as a broad AS scheme influence and not tresaschaad@imhome

assistance estimate.
5.2. Housing Supply

Thehousing suppliy regionat the end of time(O )isequaltb ast quarter 0s
stock less scrapped hoysies new houses builtdnThe proportion of houses that remain
from the lasperiod (i.e. that were not scrapped) is assumed to bespdtific scaldr ().
New houses built inare assumed to equal the number of new housing coi@ents)(
granted irsome period) "Q(whereQs the number of quarters thatites to move from a
housing consent to a completed house) multiplied by-apHcHic scalar) to represent
consents not acted updrhus, we have the identity:

0o p 1 Oy —®@j ®)

Given this identity, we need to explain the determinants of housing consents. Following
Grimes and Aitken (2010), hobsddes are assumed to peacetaking profiseeking agents
within regional housing markets that are subject to shocks. New hgyynighstpothesised
to besubject to quadratadljustment costs anddwes not immediately jump to match
increased demand at the-gxesting price. Heseprices, being asset prices, jump to equilibrate
short run demand and supply. Tibasingsupplyequationisb as ed o nQ-taeorf obi n o s
investment relationship, so supply adjusts to any disequilibrium between house prices and the
full costs of construction, enabling supply to gradually adjust to observed higheiGlemand
time, the prices, costs ananqtities of housing and residential land adjtsesiablish long
run equilibriunollowing a shock
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A builder seeks to build a new house where the house salasgrioge@ to be equal to
the price of existing houses in the region) exceeds reptammsnére. the full costs of
developing and building a new house). Total costs are a function of buildamglcestential
lot (vacantlandjostsp | us b ui | de rWeassumerthatrsame sufstitutabibtyt exists
between land and structsifer a given level of utility for the ultimate purchaser, but that both
sets of inputs are required for any development to proceed. Accordingly, we adopt a divisia index
for total costén TLA ‘Cat timed “¥  as a function afsidentidiandcogs 00 and
(nationalpuilding costs06  with weights summing to orle additionrealfinancing costs

('Q must be borne by the develoféwus we postulate

Y6 Q0006 p Q (6)
where_ incorporates TLApecific cost factors agdeflects the holding period between the
builder raising finance and selling the house. In equilibrium, house prices equisl $otéhabs
1 100 1 17Y6 . Using this equilibrium condition, and rearranging (6), we obtain the long

run relationship:

~
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where_ incorporates the finance cost term and any other national factors affecting the
equilibrium relationship. If (7) forms a cointegrating vector then it is valid to model housing
consents relative to the housing stock (which, as shown in the data sestatignary

variable) as a function of the (stationary) residual from equation (7).

We have estimated this equation in three different ways. First, we imposed the
specification as shown in (7) where the elasticity of house prices with respef) te land (
restricted to be identical across all TLAs. Second, we dlldavedry according to whether a
TLA is classified as urban, quasl or rura{where the classifications are made according to
the value of residential land to total land in the BLA @rimes and Hyland, 2012). Third, we

allowedb to varyin an unrestricted manner and so to difterss eaciiLA.

The results of the three methods give similar estimd@tasroks TLAs and so we
retain the simplest (first) specification as shoWwabile 5.

According to the IPS statistic, the residuals are stationary, although this is not the case
for the LLC. We therefore need to test that housing consents react significantly to the residual in

the housing consents equation.
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Table 5: Long-Run Housing SupplyEstimation Results

Regressor Coefficient
0€Eei owe 4.0169***
(0.0184)
& &6 job -0.2162%*+
(0.0047)
0 @ (1990Q1
2011Q2) 6192
Y 0.9531
LLC -0.8238
[0.2050]
IPS -8.7345
[0.0000]

The value obimplies that a 10% increase in land costs results in a 2.2% rise in house

prices. This percentagdower han may be expected given the proportion of the house price
typically observed to comprise land prices.{Vakies estimated using the seconcbaph

are all slightly lower still, while the average vatuedhe fully unrestricted approach varies in

a similar range fror.20 in rural TLAs teD.25 in quasural and urban TLAs.) One possible
reason for the lower than expected elasticitg @résence of noise in the lot price series. As
explained in the data appendix, we have smoothed lot prices to remove the worst cases of lot
price data variability arising from small numbers of lot sales within a TLA. The raw lot price
series for urban WAs is much smoother than for rural TLAs (given the deeper market in more
populous TLAS), but the estimated elasticity is still very similar across the various types of TLA.
This suggests that data variability is not the primary contributor to the low&péwied

elasticity. Another factor might be that not all lot price increases are passed through to house
prices and may instead be shared between the original land owner and other participants
(developers, builders and new house owners). This appradielcted in our bargaining model

for lot prices, discussed in the next section.

We explain housing consents (representing the adjustment process in the housing stock)
through an error correction procedliflfereatonsi st e
speed of adjustment of housing consents depending on whetheatioapositive or
negative, and in both circumstances we allow fdim@amity (convexity or concavity) in the
response through inclusion of quadratic terms. Additionadlifpweorice expectations and

financing conditions to affect the adjustment process. Specifically, we include the extrapolated
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growth rates in each of house, land and building prices. The extrapolated growth is measured
across the previous three yeard\eaguarters) consistent with the specification in the house

price equation. We also test for the impact of changes in real interest rates and credit restrictions
(at national level) on housing activity. The former variable is not significant andted is omi

the final specification, whil e t hperfoimngt er v a
loans may introduce greater credit restrictions to builders for developing new property,
constraining housing stock growth. Incorporating thes®d, we estimate the following

equation:
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where the growth rates are definetth@4d.2 quarter geometric average growth rate, with
equations for clarity appearing in Section B of Apperatid iyherg are the positive

residuals from the long runrr@ationship (i.e. where house prices temiycgaceed total

costs) anfd are the negative residudihile’@ j 'O is a stationary variable, it exhibits
considerable persistence (autocorrelation). When we estimaté@8) vith  as the

dependent variable, we obtain a higrewvaft (0.7555) indicating considerable serial

correlation in the residuals. Addition of the lagged dependent v&xiablg¢ © ) to the

right hand side (RHS) of (8) leads to an estimated coefficient on this variable of 0.8722 but this
equatiorthen exhibits considerable negative serial corredatiahZ574). In order to dampen

this serial correlation we restrict the coefficient on the lagged dependent variable to 0.6, which
we implement by choosing the dependent variable as shown ind8ye@npose this

restriction, serial correlation is virtually eliminated.(05). Table 6 presents the results.

The coefficients on the disequilibrium terms imply that the supply response initially
increases slowly with a positiveafo but then increas strongly as ther&io rises well above
equilibrium. In contrast, an essentially linear effect is observed-aatihdalds below

equilibrium.

Extrapolated growth in building costs is significant. While neither land price nor house
price growth isignificant (other than at 10% in the SUR estimate for house price growth), we
retain these variables since buildersdé expec

in all three prices.
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Table 6: ShortRun Housing SupplyEstimation Results

Regressor OLS Newey We s SUR Estimates
0EEi OwWe O 0.0014*** 0.0014*** 0.0014***
(0.0001) (0.0001) (0.0001)
T -0.0002 -0.0002 0.0002
(0.0014) (0.0023) (0.0014)
T 0.0237*** 0.0237 0.0227***
(0.0072) (0.0153) (0.0072)
Tk 0.0037*** 0.0037*** 0.0038***
(0.0013) (0.0012) (0.0013)
T -0.0003 -0.0003 -0.0006
(0.0061) (0.0046) (0.0061)
w 0Oj; 0.0002 0.0002 0.0079*
(0.0047) (0.0040) (0.0047)
W 0.0029 0.0029 0.0001
(0.0025) (0.0026) (0.0026)
W 0.0899*** 0.0899*** 0.0914***
(0.0243) (0.0251) (0.0243)
w oY -0.0009*** -0.0009*** -0.0009***
(0.0002) (0.0002) (0.0002)
. 0.0498
0 woip wade
CTmAe 4320 4320 4248
Y 0.0465 0.0490
O 27.3473***

Changes in credit restrictions are highly significant and negative as hypothesized. Thus
developers and builders (who are, in practice, reliant on financiers to support their
developments) are forced to scale back their activity when banks face nrajenitspai

their own balance sheets.

The adjusted coefficient of variatidh)(appears low in the estimates in Table 6, but
this is an artifact of the construction of the dependent variable. If we estimate the equation with
!w j !IO

restricted to 0.6) th¢ rises to 0.5844 so that over half of the quarterly variation in building

as the dependent variable (ith j 'O  on the RHS with a coefficient

consents (relative to dwellings) is explained. Estimates (and staordaatesss the three
estimation methods are similar, other than a jump in the size and significance of the coefficient
on house price growth when estimated with SUR. This suggests that, in the absence of SUR
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estimation, there is some correlation betweeresiduals of the short run house price and

housing consent equations. The SUR estimates account for Haguates correlation.
5.3. Lot Prices

A builder or the final house purchaser must purchase a vacant residential lot prior to the
commencement ofuilding a new dwelling. We assume that the builder purchases the lot from a
property developer who in turn purchases the land from a farmer. This is an appropriate
assumption for vacant sections on the urban fringe; we assume that lot prices irgerior to th
urban boundary are priced in relation to lot prices on the fringe, with appropriate allowance for

convenience yields.

Wehypothesisthat the lot priced 0 is set in accordance with a bargaining game,
effectively between the farmer and the finalehpuischaser, with the builder and land developer
as intermediaries. The latter two players are treated as silent players in the game, so we model the

outcome as if driven by the two giayers (farmer and new homeowner).

Figure 2: StylisedBargaining Game (Land Price Determinants per Lot

House Price (PF

House constructio

House Price less hou
Costsk,PB)

construction cost
(P - k,PB

Lot Price (PL) | Surplus

N to split
Sum of development contributions + farr P

price + development costs (DPF+k,PB)

Farm price K,PF) + development costs,PB)

\ Development contributions (DC

-10 -8 -6 -4 -2 0 2 4 6 8 10

The concept is captured in Figueb@ve A farmer owns legized farm land valued at
k 0 "Qwherek controls for the number of lots per farm or per hectare, depending on how the
farm priced "Ois measured). She can prepare the land for residential use through incurring
development cost& (0 § whera) 8is an index of construction costs as before) perhaps to

level the land or ready it for drainage, and paying a development conibatiaunder the
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Local Government Act (and/or a financial contribution levied under the Resource Management
Act) to the council, where the development plus any financial contribution per lot is denoted
DC. (Palmon et al, 1998, discuss the way in whingeshin tax ratéor development

contribution®d may affect property prices.)

The minimum lot price that allows for zero profit on converting farmland to residential
land is therefor® & k 0 "O k 0 & In a TLA that has perfectly elastic supply ofléard
with all development occurring at the periphery of an urban area, this expression will
determin@ 0 However, some residential lot development may occur through subdivision within
an urban area, especially where planning controls or geograpstreahtsoinhibit expansion at
the urban periphery (Grimes and Liang, 2009; Saiz, 2010). New lots cannot be sold to a
prospective house owner at more thd® & 0 6wherek 0 Srepresents the cost of building
a house on a vacant lot. The lot pricebeiliigher the closer it is to the city centre (or other
soughafter amenity); and, for any chosen lot, this convenience yield will be higher the greater is

the pressure on population in the area.

We thereforéaypothesisthat the average urban lot prizay rise above the bare
minimum lot price0O6 &k 0 'O k 0 6 according to: (a) the level of house prices less
construction costs for a new houséO & 0 6, and (b) the impact of population pressures
on land for new housing development in theepoesof residential land constraWs.do not
have a direct measure of explicit land supply constrairtte. durrent TLA boundaries became
operational in 1991 and (other than two cases of amalgamation) have remained unchanged
thereafter. Given this irtstional history, weypothesisthat the current population level
relative to that in 1991 provides an indicator of relative land constraints. Accordingly, we
hypothesise that the real residential lot @i¢B) 6 will be set as a function of reairfa
prices 0 @ 6, real construction costs &0 & hreal development plus financial
contributions per housing consedtd 0610 8, real house price8 "@ 6 and the
interaction of house prices with populati@n growth relative to the 29 population level.

This final variable is modeled @&0j0 6 1 10 j0 . This term is zero for a TLA
with stagnant population, and is positive (negative) for an expanding (declining) TLA.

The development contribution varial@@(O0d comprises total development and
financial contributions paid within a TLA over a yearJung). We normalise this amount by
dividing through by the number of new housing consents within the TLA that fiscal year, and
adopt that value for each quartehiwithe fiscal year. Three outlying observations in 2008/09,
for Manukau ($59,967), Papakura ($84,488) and Waikato ($37,162) respectively, have each been
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capped at $35,000 per consent; no other observations reach $35,000 in any year for any TLA. We
have ésted other normalisations, including dividing through by all (residentiat and non

residential) building consents and by all (structure pksgrmctare) building consents; the

nature of the estimation results are similar in each case, albeit iy chéficients

reflecting the different normalisatiofise development contribution regime began in 2002Q3

and our data begins at that date. It is possible that financial contributions were paid before that
date, but we have no information on any fiaanontributions that were paid. Furthermore, the
contribution to costs associated with new developments within a TLA effectively shifted from
future ratepayers to current developers (and new homeowners) given the introduction of
development contribution®his potentially changed the value of new lots as the distribution of

the present discounted value of the development costs changed amongst agents. Accordingly, we
allow for a freely estimated separate intercept term for each TLA coverinrgQb2Qse

period.

In modelling the lot price, we allow for the possibility that othevairpi@g national
influences (e.g. monetary conditions, tax settings, etc) impact on lot prices, aspegifitLA
influences (e.g. sea views or geographic constraintsyeThasrporate time and area fixed
effects in our long run model. This inclusion means thatdtems (for which only national
data are available) drop out. We estimate the following long run equation where the equation is
expressed in levels (ratthem loglevels) to reflect the nature of the bargaining game:

00 00 06 " 00 0O ., .0 , W
5o 5 5 5 > O & = — THQ -
0O 0O 0O 0O DO 0y

whereQ is aTLA fixed effect, equal to one for the period prior to development

contributions beginning in 2002Q3 and zero thereafter. Within (9),feath,bf;, and , are

hypothesised to be nmegative. Results are shown in Table 7.

The stationarityests indicate that the long run real lot price equation can be treated as a
cointegrating vectohs hypothesised, each of real farm prices and real development
contributions are estimated to have a positive impact on real lot prices so that the mshimum co
of converting farmland to residential use is reflected in price. The house price is also reflected in
lot prices and this effect is exacerbated as population expands relative to the population initially
within the TLA boundary. Thus a portion of thekws between farm use and final (housing)
use is reflected in lot prices. For a TLA with stagnant population, the real lot price rises, ceteris

paribus, by $361 for every $1,000 increase in real house prices; for a TLA with a population that
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is twice its 991 level, the real lot price rises, ceteris paribus, by $657 for every $1,000 increase in

real house prices.

Table 7: Long Run Lot Price Estimation Results

Regressor Coefficient
0°0j 0 6 0.14071***
(0.0389)
06 TQ ju 6 0.3792%**
(0.0764)
0Oj0 6 0.3607***
(0.0146)
0VOjo 6 110 0y 0.4278%***
(0.0192)
0 ©(1992Q22011Q2) 5832
Y 0.9824
D06 -5.9868
[0.0000]
‘00 Y -13.7324
[0.0000]

A $1,000 increase in our measure of real develognéttiutions feeds through to a
$379 increase in lot prices. As discussed previously, while we know the total value of
development (plus financial) contributions for each TLA, we do not know the number or type of
consents to which they relate. Our meabuides total DC revenue by housing consents in the
TLA in the relevant year. If instead, we divide total DC revenue by all consents issued in the
TLA in the relevant year, the coefficient on DC rises towards (or above unity). Thus the exact
size of the féect of a $1,000 increase in DCs relating solely to housing lots may be closer to
$1,000 rather than the $379 implied by our estimated coefficient.

A $1,000 increase in farm prices per hectare is estimated to result in a $140 increase in
individual residdial lot prices. Taken at face value, if the full value of farmland is reflected in
residential lot prices, this implies that approximately seven housing lots per hectare are
developed. Given that each group of houses has to be supported by roadd, gthks a

amenities, this does not appear unrealistic.
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We model the short run adjustment of lot prices through an error correction model,
retaining additional differenced variables only where they are significant. This results in equation
(20).

wUU i} . 00 5 & 0 — 5
58 f T b 10)
whereQ equals one in 2002Q3 and zero otherwise, accounting for-tfé one

introduction of the development contribution regime. Estimation egsuiisown in Table 8.

Table 8: ShortRun Lot Price Estimation Results

Regressor OLS Newey Wes SUR Estimates
-k -0.1842*** -0.1842*** -0.1866***
0.0079 0.0193 0.0092
W00 jO & 1 10q jO5 0.6260*** 0.6260*** 0.6049***
0.0531 0.1256 0.0607
. 0.0518
0 @(1992Q22011Q2) 5688 5688 4248
"y 0.1065 0.1022
"O 10.1660***
The (highly significant) coefficient on the long run residual implies that a fifth of the
disequilibrium in lot prices is reflected imtlex t quar ter s change i n |

moderately fast adjustment towards equilibrium. The only other dynamic factor affecting lot

prices is house price growth interacted with population developments of the area. We find no
evidence of past lotipe growth (i.e. the lagged dependent variable) influencing current lot price
growth so 6fadd effects are not obviously pr
variable, there is very little serial correlation in the reside@BS). Expdnatory power of the

equation is low compared with the two previous short run equations. This likely reflects
measurement noise in the lot price series. Nevertheless, despite issues with data quality, the long
and short run lot price equations imply ailslerset of reactions for the lot price in response to

economic and policy determinants.

A note is useful here about how the three relationships presented so far relate to one
another. Consider a situation in which the system is in equilibrium and ¢beepribes rise
owing to a lift in local population. The supply equation reacts by lifting new housing consents

(since Tobinds Q>1), thereby causing the sto
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will also rise given the lift in house pribasthis rise will not match the rise in house prices

(given the estimated coefficients), so that there is still a positive supply response. The rise in
housing supply will cause house prices to diminish over time through the negative impact of the
dwellng stock on house prices thus leading to a new equilibrium with higher house prices, higher

lot prices and a higher housing stock.

Similarly, a rise in development contributions will flow through to multiple outcomes.
The initial DC rise will cause loices to increase, inhibiting new housing supply, so causing the
dwelling stock to be lower than it otherwise would be. Thus house prices will rise over time
relative to the counterfactual of no DC increase. The resulting equilibrium will see higher house
and lot prices and a lower dwelling stock.

5.4. Rents

The final relationship in the model is for rents. Our model builds on that of Grimes and
Aitken (2007), and incorporates insights from the model of Coleman and Scobl&¢é2009).
formermodel states that the net régtald (after depreciation and mainterjgolas expected
capital gain on a rental property should equal the relevant financial market yield, being a risk free

rate plus a risk premium.

Expressing rent®() and housgprices 00 in dollar terms, with rents expressed as
an annual rate (i.e. the weekly rent multiplied by 52) and expressing the annual (one year nominal

mortgage) interest rat@ J as a decimal (e.g. 0.074 rather than 7.4%) we form the netdinal yi
difference variable— "Q. This term represents the annual rental yield less the annual

nominal interest rate. From our theory, we exipatthis difference whle a function of
expected capital gains on a rented house. Ashioue price and housing supply equations, we
assume that these expectations are a function of the extrapolated geometric growth rate over the

preceding 12 quartetg) .

Figure 3 graphs the (national) rental yield, the one year nominal moetghge rat
difference between the two and (national) house price growth over the preceding three years.
(One other series in the figure is explained below.) The offsetting movements between the
(rental) O6yield | ess i ntleadyapparentraa predidteddoynd 6 hou
theory.
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Figure 3: Rental Relationships

National House Prices, Rental Yield and Interest Rates
An Exploration of Comovements
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Grimes and Aitken (2007) found that the deprivation status of areas affects rental yields.
Given that the deprivation status of TLAs changes little over time, we accommodat# this effe

through inclusion of area fixed effects.

One factor that may also affect rental yields is government accommodation supplement
(AS) for renters, which provides low income renters with monetary assistance for rents. The
Coleman and Scol{Z009) model can be used to derive the theoretical effect of a change in AS
assistance towards renters on rents and house prices. The model shows that if the supply of new
landlords is highly elastic (inelastic) then an increase in AS for renteeslittik fanbstantial)
effect on rental yields. It is therefore an empirical matter as to whether AS changes impact on the

rental yield.

In practice, the AS scheme is sizeable; the average proportion of rents paid{over 1996
2012) for those in receipt oBAvas over 35%. In 2012, there were approximately 200,000
renters (and over 40,000 homeowners) receiving AS. Figure 4 shows the average rate of AS
received by renters relative to their rental costs per recipient sin€aeli§6re shows that,
whilst satistically nostationary, the average rental AS rate is reasonably stable over time. This

means that it may be difficult to ascertain the effect of the AS rate on rents even if the supply of
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landlords is inelastic, in which case an AS change is expleatednad a material impact on
rents. (Similarly, it may be difficult topaint the effect of a change in ownhome AS payments
in the house price equation.)

We test the long run rent relationship without inclusion of AS variables and examine
whether tle residual is stationary. If it is stationary, the implication is that tstamoary)
AS terms have not had a significant influence on long run rental yields. We note, however, that
the broader AS scheme does affect house prices, and theref@® sbatsn in the house

price equation.

Figure 4: Accommodation Supplement Rental Assistance Raté§ )

Accomodation Supplement to Cost Ratio over Time
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The hypothesised long run relationship explaining rental yields is given by expression

(12):
— Q| —0o;  _ _ - ()
The expression allows for a freely estimated coefficient on house price expectations to
allow for | andlordsd expectations of house p

extrapolative price growth term, reflecting the enspgblased on capital gains in the
representative i nv ¢hetime fixédseffeatsadosvifor gptiaayingriekl i o, w

premium. The results of estimating (11) are shown in Table 9.
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The residual from equation (11) is stationary acctodmoth the LLC and IPS tests.
We include the residuals from this long run model in Figure 3 to demonstrate the improved fit

(and stationarity) of this model relative to the simple nominal yield difference.

Interest rates fell in an unprecedented manee2008, causing the absolute nominal
yield difference to diminish sharply (which may have assisted the finding of stationarity in the
model) We test whether the residual remains stationary if we limit the sample for the estimated
long run equation to ¢hpreGFC timeframe of 1993@12008Q1. Thepalues for the
residuals using both the LLC and IPS tests remain at 0.0000 for this equation when estimated
over the abbreviated sampleis result provides confidence that the extraordinary events
surroundinghe global financial crisis are not responsible for our finding of a valid long run
relationship.

Table 9: LongRun Rental Estimation Results

Regressor Coefficient
6EEi OWE O 0.0007
(0.0008)
005 -0.2274%**
(0.0069)
0 @(1993Q12011Q2) 5328
Y 0.9285
000 -6.6438
[0.0000]
00 Y -21.3897
[0.0000]

Rent does not appear on the LHS of our-loingequation; rather the dependent

variable is—— Q. We need to test that the short run adjustment process to a

disequilibrium (relative to the long run equation) comes about through a change in rents (rather
than in other variables) in order for us to interpret this relationship as an equation determining
equilibrium rents. We cannot simply difference the LHS (as would be standard in an error
correction model) and be sure that it is rents that are adjusting to any disequilibrium. Instead, we
addQ to the RHS, lag all RHS terms, then multiply bothlsjded® and difference each

term to explain the change in rent levels. Similarly, we include the lagged disequilibrium term
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from the long run equation multipliedby® on the RHS. The lagged change in the rate of

accommodation supplementtad assistance (Y ) is added since a change in this policy
variable may have a short run impact on rents (relative to house prices) as well as having a long
run effect on house prices and therefore rent levels, given the statioharitgrak yield.

After dropping insignificant terms, we estimate the following short run expression, where the
lagged dependent variable is added owing to the presence of serial correlation in the residuals if

this term is omitted. Results are presentéahle 10.

rT0QR - YY1 YOQ OO rY0OQ oY 6 PG

The coefficient on the lagged residual is highly significant in each specification
confirming that the long run equation does indeed determine equilibrium rents. Lagged growth
in house prices causes a rise in rents in the short term, potentially eeféeciogd

expectation of consequential rent rises.

The accommodation supplement (AS) assistance rate for renters is also estimated to have
a short run impact on rental yields, consistent with a situation in which the supply of new
landlords is not pexdy elastic. Landlord supply may be considerably more elastic in the long
term, consistent with the finding of no AS impact on the long run rental yield. Again, we note
that AS assistance for homeowners affects both short run and long run houselgheesean
rents. The same cautions regarding the interpretation of the AS effects, as noted for house
prices, should be repeated here. The high positive correlation in AS support for homeowners
and renters means that one should be reticent about diffiegebgéween the support for the
two types of housing. Instead, we consider it safaatgs¢he impacts of the AS scheme as a
whole on both rents and house prices, noting the difficulties posed by the variables for

estimating the magnitude of such ictgpa
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Table 10: Short Run Rental Estimation Results

Regressor OLS Newey Wes SUR Estimates
6EEi OMEC 112.0787*** 112.0787*** 111.8414%**
(7.5257) (7.5266) (7.5179)
0 Q - A -0.1153*** -0.1153*** -0.1130%**
(0.0093) (0.0114) (0.0093)
YYi -0.3707** -0.3707*** -0.3718***
(0.0145) (0.0234) (0.0145)
Y0 'Q 0"O; 0.0213*** 0.0213%** 0.0192%**
(0.0061) (0.0070) (0.0061)
YO 'Q oY 0.0107*** 0.0107*+* 0.0106***
(0.0021) (0.0023) (0.0020)
. -0.0744
0 @ (1996Q42011Q2) 4248 4248 4248
Y 0.2169 0.2168
O 295.0145*+*

The other significant variable in Table 10 is the lagged change in rents. The coefficient
on this variable is negative. This outcome most likely neflisetsn the rental data. For
instance, a oraff temporary rise in average rents lodged within a TLA, caused by abnormal
rental agreements being lodged that quarter, will not flow through to the rentals lodged in the
next quarter resulting in negativieearrelation in the quarterly change in rents. We retain this
effect in our equation since this outcome is likely to be reflected in actual future observed data.
These dynamics do not affect long run rental outcomes (as estimated in Table 9) and so do not

affect the results of medium term simulation analysis.
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5.5. Full System

Tables 11 and 12 present the full system results for the long run and short run equations

respectively. The short run estimates that we present are those obtained using the SUR

estimatioomethod given that this approach takes account of all available information across the

four equations. The correlation matrix of eegggation residuals following SUR estimation

indicates very low cresguation residual correlation, with correlatioriiceets varying
between 0.0076 and 0.1036.

Table 11: Long Run Equations

House Prices Housing Lot Prices Rents
Supply
. .00 .00 00 Y 3
I 15— A Eme Noay AT Q
Lo 0o 0O v Q
OEEeEil OWE O 9.7634*** 4.0169*** 0.0007
(0.1334) (0.0184) (0.0008)
I TO ¥ -2.1854%**
(0.2015)
Y6 -0.0498***
(0.0014)
oY -0.0146***
(0.0052)
0"Y 0.0160***
(0.0007)
1 106 700 -0.2162%+*
(0.0047)
0006 0.1401%**
(0.0389)
06 ¥O5 jU 6 0.3792%*
(0.0764)
00 106 0.3607***
(0.0146)
00j0 6 110 )05 0.4278***
(0.0192)
0Oy, -0.2274%**
(0.0069)
0 i 4320 6192 5832 5328
1996Q32011Q2 1990Q120110Q2 1991Q12011Q2 1993Q12011Q2
Y 0.9544 0.9531 0.9824 0.9285
Area fixed effects included Y Y Y Y
Time fixed effects included N Y Y Y
Area specific time trends
included Y N N N
Q included N N Y N




Table 12:Short Run Equations (SUR Estimates)

House Prices Housing Supply Lot Prices Rents
o 190 @ nqu"di i pi0_ 'A%
0o O O 00
0é¢ei 0MEO 0.0080*** 0.0014*** 111.8199***
(0.0009) (0.0001) (7.5179)
-k -0.1585*** -0.1866***
(0.0069) (0.0092)
wl TO; jU -0.4339
(0.2764)
wl TYOq joj 0.2694***
(0.0537)
AR -0.0018
(0.0012)
w oY -0.0703*** -0.0009***
(0.0056) (0.0002)
wo Y 0.0051***
(0.0005)
@l TY; 706 0.0274***
(0.0083)
-5 0.0002
(0.0014)
-5 0.0227***
(0.0072)
. 0.0038***
(0.0013)
-5 -0.0006
(0.0061)
w U0y, 0.0079*
(0.0047)
w 0.0001
(0.0026)
Ww® 0.0913***
(0.0243)
w00 jOO I 105 j0OR 0.6050***
(0.0607)
0Oy - -0.1130***
(0.0093)
wYp -0.3716***
(0.0145)
w 0'Of 005 0.0192***
(0.0061)
w 0"Of, oY 0.0106***
(0.0020)
0 ©(1996Q42011Q2) 4248 4248 4248 4248
Y 0.1915 0.049 0.1022 0.2168
Q included N N Y N

No area fixed effects, time fixed effects or area specific time trends are included in the short run specifications.
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6. Simulations

We subject the model, as characterised in Tables 11 and 12 (long run and short run
equations respectively), to a sefieslicy and other exogenous shdtksach case, the
shocks are treated as being permanent, but the model could equally consider temporary
innovations. The exogenous variables subject to (independent) shocks are: a 5% increase in
population{l) of theTLA, a tightening in credit restrictions proxied by a 2 percentage point
(pp) 1 ncr e amedorning lodnsrati€®), @ 10Podai in national construction costs
(PB, and a 20% increase in farm prices per hdeRu&lie policy variable shodmsidered
are: a doubling in the rate of development plus financial contridd@om$Qd), a 10% increase
in accommodation supplement for both ownhoh®8 T3 and rentalsAG™™®, and an
expansion in the effective land area available for develppoxéd by a 5% decrease in the
1991 populatiorN4,). Each of these shocks is run for the final five years of our sample (i.e.
from 2006Q3 to 2011Q2) with the simulated shocked outcomes compared to a baseline without
the shocR.These shocks are contid for a single TLA, Manukau, which is a major housing
growth area in the south of Auckland, but the shocks could also easily be applied to any other
TLA.

We add simulations of the housing market effects of the Christchurch earthquakes. Here
we simulatéhe impacts of changes to a number of the exogenous variables acting together (e.g.
destruction of the housing stock and a relocation of population). Given tbennémtedness
of the shocks and resulting population movements within the broadeh@lhatcban area,
we simulate the effects of the earthquake on the housing outcomes both of Christchurch City by
itself and across the three urban TLAs: Christchurch City, Selwyn and Waimakariri. The range of
simulations covering the earthquake is discuss®re detail below.

For each simulation, we present four graphs relating to our four estimated relationships.
Each of the price graphs (nominal house prices, nominal lot prices, and the average rent) shows
the timepath of the variable without the shdrom 1993 onwards, together with the simulated
(shocked) path of the variable from 2006Q3 onwards. The first graph for each simulation shows
the timepath of both the number of housing consents and the dwelling stock over the same

period, each with threlespective simulated path given the shock. (The dwelling stock is

4 Owing to the recursive nature of the model, these simulations can all be easily programmed and run in Excel.
The recursive structure means that any shock (other than to a modelled variable) has its initial effect on the
modelled variables in the quarter following the shock.

® The baseline is the predicted path of each variable; i.e. the actual variable less estimated residuals over the five
year period.
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measured on the left hand axis and dwelling consents are measured on the right hand axis of the
graph.)
6.1. Increased Population Level (Figure 5)

In our first simulatiome considean exogewsus 5% increase in the Manukau
population, which could be reflective of internal migration from Canterbury to Auckland
following the earthquakes, or increased immigration at the national level. Such a figure is not
much greater than the annual percenteyege of population observed in Manukau from
2002Q22003Q2.

Population changes have two direct effects on the housing market in this model. Given a
population increase, the per capita stock of housing is reduced below the baseline counterfactual.
With an ncreased population, but a fixed number of dwellings in thewshdlrtere is upward
pressure on house prices. Similarly, land availability per person is reduced, so residential lot

prices are bid up.

In the longrun, arbitrage forces house prices tsebequal to the cost of replacement.
The change in Manukau population in 2006Q3 implies a 2.74% increase in equilibrium land
prices, ceteris paribus. Given the estimated parameters, we expect a 0.59% appreciation of house
prices in the lorgun from thesupply side equilibrium. Developers will take advantage of the
shortrun disequilibrium and new construction should rise until the equilibrium relationship with
house prices is restored. The housing stock will increase to almost completely accommodate the

larger population base.

Thus house prices should tend towards the baseline after an initial jump, with a
permanently higher dwelling stock and land prices. However adjustment in all areas is slow and
lagged. With both house prices and land prices beiolerigeun equilibrium following the
shock we observe an adjustment upwards in prices in the subsequent period, such that both

house and land prices increase relative to their baseline comparisons by 3.88%.

House prices will continue to increase relatitree baseline until the dwelling stock has
risen by almost the same amount as population. The higher rate of consents only partially
reduces the inflationary pressures on house prices, which exceed the baseline comparison by a
maximum 14.10%, occurrimgthe 14 quarter after the shock. This increase flows through to
land prices and rents. The percentage difference between the simulated and baseline land prices
and rents is strictly increasing over time, leading to a difference 19 quarters atteothe sho
11.63% and 5.94% respectively.
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As suggested, the inflationary pressures on land prices are not sufficient to completely
offset the house price appreciation. Relative house price appreciation leads to more consents
than predicted under the baselirse cHlousing consents under the simulated case exceed the
baseline by as much as 33.58% in"tea&ter following the shock, and remain 24.14% higher
than the baseline in the final quarter. This leads to an increase in the simulated dwelling stock,
whichexceeds the baseline by 0.87% after 5 years, a long way short of the 5% required to restore
the per capita housing stock to itsgireck level. This simulation highlights the slow
adjustment of the housing stock, and hence the housing market, nesuilbistantial

persistence of shocks.
6.2. Tighter Credit Restrictions (Figure 6)

We simulate the effect of a two percentag
performing loans to total ass€&®&) This increase compares with the actual 1.81 p.p. increase in
b a n k spgrformmgloans between 2007Q3 and 2011Q1. An increase in CR translates into

tighter credit restrictions imposed by banks on borrowers.

The tighter credit restrictions affect hiogisnarket outcomes through two direct
channels in the model. First, helbggers face tighter credit restrictions (that may be exhibited,
for instance, through lower maximum loan to value ratios) as a result of the deterioration in bank
balance sheetsjslplaces direct downward pressure on house prices. Second,
builders/developers face greater credit restrictions when attempting to access loans to develop
new dwellings; this places direct downward pressure on dwelling consents (new house
construction) ashhence downward pressure on the dwelling stock and thence upward pressure
on house prices. These two channels therefore place competing pressures on house prices, while
both channels have the effect of reducing the rate of new dwelling construction.

Nominal house prices fall by 13.51% in the period following the shock, dsigetse
bid less for houses in the face of tighter credit restrictions. The reduced house prices flow
through to reductions in lot prices and rents. Dwelling consents fall byiBat&0%tibsequent
period, which is the maximum difference from baseline over the 20 quarters following the date
of the shock. This effect is only temporary (albeit prolonged) as credit restrictions only bite on
housing investment in the short run. Neweiss, there is a prolonged impact on the stock of
residential dwellings given that the simulated investment in new dwellings is below baseline for

five years after the onset of the shock. The reduction in the stock of dwellings (relative to

® An extended simulation reveals that the housing stock increases by approximately 5% (i.e. catches
up with the population surge) after approximately eight years, at which point the elevated level of new
housing consents returns to its baseline path.
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baseline), ithe face of unchanged population, causes upward pressure on house prices, with the

effect that house prices return to baseline after five years.

Lot prices similarly return to baseéfter five years, following their initial fall, reflecting
the house [ice dynamics. Rents fall initially along with house prices but do not return fully to
baseline after five years. Thus the rental yield is below baseline after five years, reflecting the
(temporary) rise in capital gains on housing (relative to basghigehdicatclup phase as
house prices return to their baseline level. Longer term, as house prices resume their prior
trajectory, the rental yield will also return to its baseline level. The dwelling stock remains well
below baseline after five yeafffectng the depressed nature of new construction over the five

year interval.

Overall, the simulated initial 13.51% reduction in house prices arising from the shock is
in the same order as the (actual) 15.33% reduction in (peak to trough) reatéeobsemnved
nationally f ol | owierforgiing ldaes after tise global finarrial orisis 6 n o n
(GFC). Furthermore, the 59.80% initial reduction in dwelling consents in this simulation
compares with the 56.04% reduction in national dwellisgntsriiollowing the GFC. Thus the
model appears to replicate the broad impacts of the GFC on key variables. The important insight
thereafter is that prices (and dwelling investment activity) rebound in response to the
disequilibria that the credit shodkiates, although the dwelling stock remains well below its

baseline level after five years.
6.3. Lower Construction Costs (Figure 7)

The New Zeal and Productivity Commission (
apparent high level of construction costsctMsider the results of an increase in the
competitiveness of domestic housing construction by exogenously reducing the domestic
construction cost index by 10%. Increased construction costs should increase lot prices, to
prepare farm land for residentsg uThis means the indirect effect of higher construction costs
on construction activity, through higher land prices, acts to amplify the direct effect. Given we
model lot prices with time fixed effects we cannot also include the national construction cost

index. As a result we present a conservative estimate of the impact of construction cost shocks.

A reduction in building costs flows through to lower replacement costs for housing. As
demand remains unchanged in the shartpreviously marginal deveh@mts are now
desirable. Developers react accordingly and we estimate that consents initially increase above
baseline by 10.87%.
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As the housing stock increases there is downward pressure on prices, and this process
will continue until the greater per tapousing stock acts teeguilibrate house prices relative
to (the lower) replacement cost. Consents remain above the counterfactual for tyeantire 5
window, remaining 16.24% above the counterfactual after five years. This translates to an ever
increasing housing stock, which is 0.98% greater than the baseline estimate at the end of the

sample period.

The increasing housing stock leads to downward pressure on house prices, which are
1.65% below baseline at the end of the period. This fall isontedf she 7.84% decrease in
house prices implied by the long housing supply equation; thus housing consents will remain
above baseline for an extended period beyond 2011Q2.

6.4. Higher Farm Prices (Figure 8)

Farm priceform part ofthe lower bountb vacant residential Iptices, antience
influencehe replacement cost of housing. In this scenario we ctrside20% increase in
the representative Manukau farm price, perhaps driven by higher international commaodity prices,
flows through the systeiMational farm prices rose by 67.80% between 2002Q2 and 2003Q4 as

world commodity prices increased markedly, so the magnitude of this shock is realistic.

An increase in farm prices raises the floor of residential lot prices. In the period
following the shak, lot prices rise by just 0.04%. This highlights that lot prices are set near the
top of the surplus interval in the bargaining game; thus there is little impact from changing the
lower bound. In the long run, land prices increase by 21.88% of thercfeangerices, other
factors equal. The 20% increase in farm prices over the counter factual is around a $6,000
increase, thus we expect only a $1,200 appreciation of lot prices. As a result, it is unsurprising
that there is little impact of the farncprincrease on lot prices, with lot prices increasing by a
maximum 0.22% 12 quarters after the shock, and finishing just 0.20% above the baseline at the

end of the period.

With little impact on land prices we estimate virtually no change in the timefprofil
house prices or rents. In addition, there is only a small response in housing consents; the
increased land prices and slow adjustment of house prices reduces the profitability of new
developments. Housing consents decline by a maximum 0.19%, an@.0Z&tabelow the
baseline at the end of the period.
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6.5. Higher Development Contributions Charges per Consent (Figure 9)

We consider the impact on the Manukau housing market of a 100% increase in the rate
of development contributions, which equates to aasein the rate per consent of between
$22,000 and $35,000 depending on the financial year.

A higher rate of developer contributions per building consent increasesriie lmng
price. Land purchasers begin to build the higher costs into the |[wicalesnd we see a 0.45%
(or $1,583) increase in land prices above the baseline in the subsequent perieturThe long
coefficient on developer contributions per con&mt (Q5 ) is 0.4658, thus we would expect
land prices to continue to ingeauntil they realise almost half the increase in development
contributions. Accordingly, the percentage difference in lot prices from baseline is increasing
over much of the period, reaching a maximum increase of 3.15% frotherte8 after the
shockand remaining at approximately that level in the final quarter of our sample. However, the
absolute difference is always increasing, reaching $12,496 in the final period which represents
39% of the change in the rate of development contributions peartcoeftecting almost the
full long run effect.

As land prices rise, the profitability of building new dwellings is reduced and developers
react by reducing housing consent applications; simulated housing consents are 2.44% below

baseline after three amthalf years, and remain 0.9% below baseline in the final period.

There are offsetting effects, however. As the number of consents falls, the dwelling stock
is reduced below the baseline comparison, placing upward pressure on house prices (and rents).
This house price appreciation slows down the decline in consents. However house prices are
only 0.09% above baseline in the final period. Comparing this to the 0.68% long run
appreciation implied by the 3.14% appreciation of land prices, it implies th&d wilhse
remain below baseline for a substantial period until house prices finally reach equilibrium.

6.6. Increased Accommodation Supplement Receipts (Figure 10)

Our sixth simulation considers the effect that increasing government assistance for
housing serges has on the housing market. Specifically, we consider a 10% increase in both the
average real Accommodation Sup®Y emewhith receip
equates to an increase of between $7.60 and $8.10 per week dependjugrtar,ths well as

the proportion of a renterds accommodation b
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Supplement®(Y ) which translates to an increase in the rate of between 3.48 and 3.79

percentage points.

The higher homeowner transfeselds realised as a higher level of income that can only
be spent on housing. This results in a higher long run house price, which begins to increase in
the second period after the shock. The higher rate of assistance to renters puts short run
pressure orents, but in the long run rents are governed by house prices and market returns,

thus ownhome assistance indirectly leads to higher rents.

House price appreciation puts upwards pressure on residential lot prices via the long run
lot price equation. Howex this is a relationship between price levels, and thus is insufficient to
restore the equilibrium supply relationship. As a result, there is a disequilibrium in house prices
and it is increasingly desirable to build new dwellings. Housing congpntkiyse be a
maximum of 41.73% above the baseline in"thaatter after the shock, and remaining
relatively stable thereafter to stay 35.51% above baseline in the final period of our sample. This
increased construction leads to a stock of houstrig tha3% above baseline (which translates

to an additional 1181 homes).

The increased supply acts to constrain house prices. Regardless, house prices exceed the
baseline comparison at a maximum of 17.82% ifi theiter after the shock, and remain
1558% above the baseline in the final quarter. This drives land to reach as much as 10.53%
above the base line in thé f8arter after the shock, and rental prices to be 7.19% above
baseline in the final quarter. These values suggest that house piicsigméinantly above
their replacement costs, thus we should continue to see an adjustment in the housing stock for a
period well beyond our 5 year window.

The simulated price (and resulting supply) responses to this shock are well above those
that we wald anticipate if house prices rose to impound the present discounted value of the
increased assistance. In estimating the effects of accommodation assistance on house prices and
rents, we noted the difficulties of colinearity between the different Agemaad the potential
effects of endogeneity in which AS policies were potentially adjusted in light of lagged house
price and rental movements. We attempted to overcome the latter by using a lagged value for AS
in our equations, but this may not haveentdealt with the issue. We also noted the lack of

variation in our AS measures which makes it difficult to pin down the magnitude of responses to

" This increased rental assistance rate is applied to rents (and house prices) that are raised by the
increase in ownhome assistance so there is an element of double-counting in that respect. Since the
rental assistance rate only affects short run outcomes, any double-counting dissipates completely in
the long run.
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an AS change. Our assessment is that the simulated responses to the AS increases considerably
overstate # impacts of an AS increase on house and land prices, rents and new housing supply,

although the direction of effect in each case is as expected.
6.7. Effective Increase in Land Availability (Figure 11)

Actions to constrain or freg land have direct effecis housing market outcomes.
This simulation considers the implications of reducing the constraints on land available for
residenti al use. Our proxy for Il and constrai
its 1991 population level, wherell®drresponds to the timing of the setting of TLA
boundaries. Accordingly, the reduction in co

1991 population, in turn implying a greater degree of land available for development.

The additional land immediately puts downward pressure on land prices, which initially
fall by 0.86% relative to baseline. The estimated long run fall is a 2.74% reduction in land prices
given the 2006Q3 house price, other factors constant. The lowsr#kprices acts to
increase housing consents; developers arbitrage the difference between the house price level and
its value implied by the lower cost of replacement. Thus we see housing consents increase by
2.56% relative to the baseline two peaftés the shock.

The higher level of consents flows through to the housing stock with a two period lag,
which puts downward pressure on house prices for a given population level, and this reduction
in house prices feeds back to further decrease larsd With the coefficients estimated within
the model, the convergence to equilibrium between house prices and replacement costs is
gradual. Thus we see that housing consents remain above equilibrium across the entire 5 year
forecast window, exceeding thsdline case by as much as 7.02% ifi theaBer after the
shock. Thereafter, housing consents retrace towards the baseline level but still remain 1.54%

above baseline in the final quarter of our sample.

The increased level of development pushes thlengwock above baseline by 0.17%
in the final quarter, placing downward pressure on house prices. House prices fall over the
period due to the increased stock of dwellings and are 0.34% below their baseline value in the

final period.

Land prices trendownward relative to baseline over the simulation period as a result of
falling house prices and of the adjustment to the new long run equilibrium implied by lower land
constraints. As a result, land prices are 5.10% below baseline in 2011Q2. Fatlirgebiouse

also drive rents down, but given that there is only a small effect on house prices in this scenario,
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we identify only a small differential in rents, which are below baseline by just 0.08% in the final

quarter.

Overall, therefore, this simulatiodicates that land availability primarily has impacts on
the price of land and on the supply of new dwellings, but has little short to medium term impact
on other housing outcomes. The impacts on house prices and rents will incrdasgén the
term ashe dwelling stock continues to increase. Again, however, the lags in the system are
sizeable owing to the time it takes for new dwelling construction to have a material impact on

the size of the dwelling stock.
6.8. Christchurch City Dwelling Shock (Figure 12)

We consider the simulated response of-afb®86 destruction of the Christchurch
City housing stock, coupled with a-off&c% reduction in land supply (proxied by a 5%
reduction ifN 4¢). In order to isolate the pure housing market responses, \a# bibidr
variables (such as population) at their baseline levels in this simulation; housing and population

changes across the broader Christchurch urban area are considered in the next simulation.

Given that the housing stock is a slow moving variabllpriaes adjust to equate
demand and supply, the destruction of such infrastructure has significant and long lasting effect
on housing market outcomes. The exogenous destruction of a portion of the dwelling stock
leads to a lower level of per capita ngusvhich results in upward pressure on house prices to
restore equilibrium. There is also an immediate adjustment of land prices, given the effective

tightening of land restrictions.

After an initial fall in housing consents immediately following the sbasing
consents quickly react to the disequilibrium that has been created and exceed the baseline by as
much as 20.95% in the"Iguarter after the shock, remaining 17.50% above baseline in the final
period of our sample. (Note that no delays dugdmE, engineering, insurance or other
mattersare incorporated into the simulation.) Increased construction gradually reduces the strain
on dwellings per capita, but the difference in the dwelling stock from baseline is still 4.14% after

five years.

Therisingstock of dwellings acts to partially constrain house prices, which rise quickly
following the shock, reaching a maximum differential over baseline of 14.78%W iguhect4

after the shock, and tending slowly towards baseline thereafter.

Given that the constraint on land availability has effectively tightened, the long run price

of land increases. Model parameters indicate that a 5% reduction in land availability should
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increase the equilibrium land price by 3.40% given the 2006Q3 ilceyus¢her factors

constant. Of course other factors are not constant, and the increasing house prices lead to
additional temporary upward pressure on land prices, such that lot prices exceed the baseline
counterfactual by 12.10% in the final quarterrodample. However the pattern appears to

level off, and as house prices return to equilibrium we expect land prices to stabilise near 3.40%
above the baseline. What is clear from the simulation is that given the rate of (increased) dwelling
consents, it Witake far longer than five years to bring the Christchurch housing market back to

equilibrium.
6.9. Christchurch Earthquake (Figures 1315)

In our final simulatiowe replicate some of the quantitative effects of the Christchurch
earthquake, and examineithplied impacts across the Christchurch urban area, i.e.
Christchurch City TLA, and its two neighbouring districts, Waimakariri and Selwyn. The major
earthquake in Canterbury dnSeptember 2010, and subsequent aftershocks, left an estimated
6,812 dwellgs in Christchurch City and 1,048 homes in the Waimakariri District uninhabitable,
which reflect 4.50% and 5.49% of our 2010Q3 estimated dwelling stocks respectively. With few
homes affected in the Selwyn district, we considetodf alestruction of thewelling stock of
Waimakariri, Christchurch City and Selwyn in 2006Q3 of 5%, 5% and 0% respectively.

Not only were some dwellings destroyed, but some residential land was also deemed
unfit for future use, thus we have an immediate contraction of evaidbllo capture this
effect we reduce the 1991 population by the same amount as the dwelling stock reduction in
each TLA to reflect lower land availability per person. We note however, that land is being freed
up in the Christchurch urban periphery,taod a more dynamic land availability shock may be

more realistic.

Following the Christchurch earthquakes, much of the Christchurch CBD was
inaccessible affecting employment. An exodus from Christchurch has resulted, with the
population of the Christchir€ity TLA estimated to fall by 8,900 (or 2.4%) in the year to June
2011. However, this does not capture intended population change, as lengthy insurance
settlements and other factors have constrained migration. To consider the permanent effect on
populab n, we wuse the di f fnatioralrpapelationforeGstsafdr 204G i ¢ s
published in February 2010 and October 2012 respectively, attributing the entire difference to
the Christchurch earthquakes. This reflects a 4.43% reduction in frej20ii
Christchurch TLA population, a 0.56% reduction in the projection for Waimakariri, and a 2.65%

increase in the projected population of Selwyn. These numbers (which we-B8tinil%o
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and +3%) highlight the degree of migration within Cantedsungll as towards other areas

such as Auckland and Australia.

The number of residents wishing to reside in an area may be more important than the
observed population level in determining housing market outcomes. If the housing stock and
population who wh to reside in Christchurch both reduced by 5% we would expect little
change in market outcomes, as the per capita stock of housing is unchanged. However, a number
of individuals leave because they cannot find housing. They bid up the price of laousing in
attempt to purchase, but the housing stock is lower and fixed, thus accommodation must be
found elsewhere for some individuals. In this regard, we believe that this scenario will be useful
for considering the short to medium term impacts of the Christabarthquakes on Selwyn
and Waimakariri, but perhaps a better case for thewshartplications in the Christchurch
City TLA is implied by the scenario shown in Figure 12 where there is a destruction of the
housing stock, but no population adjustmarihe longrun, the population and dwelling stock

should adjust, leading to a scenario closer to that which is portrayed under this scenario.

A related caveat is that with an inaccessible CBD there may have been a real reduction in
local activity, whiclould feed through to incomes. The NZRHM uses linear trends to control
for income in the long run, thus we cannot consider the effect of income changes on housing
markets. If we were to consider short pressures, the resulting depression of locéalactivi
would feed through to a temporary reduction in local demand. Conversely, increased population
flows into the neighbouring TLAs may lead to increased local activity in those areas. We believe
it would be misleading to consider short run effects witteldrig run comparison, and thus

hold per capita incomes constant.

We also note that this model may wedéimate the impact on the Christchurch rental
market for two reasons. First, the rental stock may have been disproportionately affected by the
earthgiake, and secondly, there may be extra short term pressures from tradespeople operating
in Canterbury requiring only temporary accommodation. We are unable to model, with

confidence, the impacts of these idiosyncratic factors.

As hypothesised, there iddiimpact of the shock on some of the housing market
outcomes of the Christchurch City TLA, portrayed in Figure 13. The equivalence of the dwelling
stock and population changes leaves housing demand unchanged, thus house prices fall below
baseline by a mianum of 0.15% over the forecast period, occurring in freua&er after the
shock. Stable house prices lead to stable rents. Furthermore, with the change in population

equivalent to the change in land availability there is no change in long rieetand p
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As a result, the change in housing consents completely reflects the stationary housing
investment rate. There is no disequilibrium that can be extracted by developers, and so housing
consents remain around 5% below baseline for the entire foeeicasstThis implies that the
dwelling stock will remain 5% below the baseline counterfactual thereafter, (given that

population is held exogenous).

The story is quite different in the neighbouring districts of Waimakariri and Selwyn. With
a 5% rate of dvlleng destruction and a contraction of land availability by the same amount,
coupled with a 1% reduction in the population level, Waimakariri experiences real impacts as a
result of the earthquake. This is depicted in Figure 14.

Given that there is morestriction of the dwelling stock than the change in population
there is a reduction in per capita housing which requires an appreciation of house prices to stifle
the excess demand. We estimate house prices increase 3.24% in the period following the shock,
which will continue to rise reflecting gradual adjustment.

Land prices also rise, reflecting an effective reduction in land availability per person. In
the period following the shock, land prices rise by 4.32% relative to the baseline, and this is
expectedo increase over time due to the partial adjustment displayed in eunsaguations.
However, there exists an interdependency between land and house prices such that as one
increases so too does the other. As a result, house prices are incoeggiogtthruch of the
forecast period, reaching a maximum deviation from baseline of 11.5694"iqubedrafter
the shock, and remaining 10.8% above baseline in the final period of our sample. Land prices
rise across the entire period, sitting 13.28Meahe baseline in the final period. Increased
house prices must also be reflected in rents; we estimate Waimakariri rents increase across the
forecast period, sitting 4.98% above the baseline in the final quarter.

Equilibrium between the house priceigsmidomponent costs requires that house price
changes reflect 22% of the relative changes in land prices. With house prices much more
responsive to the shock than land prices, developers will increase building to exploit the
disequilibrium. After an iratifall, reflecting the lower level of consents required to maintain the
smaller housing stock, the disequilibrium in house prices relative to costs leads to increased
consents, such that consents exceed the baseline by 17.21%qunatter&fter thehock,
remaining 12.73% above baseline in the final period. The estimated construction levels
nevertheless lead to a housing stock which remains 4.31% below the baseline in the final period

of our sample.
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Given there is no change in the dwelling sto@ndrdvailability in Selwyn, the impact
of the earthquake shock in this district is analogous to the population shock (Figure 5). This can
be seen in Figure 15. Increased population levels lead to upward pressure on house prices and
land prices, ceteris firs. We find that in the period following the initial shock there is a 2.33%
and 3.84% appreciation of house and land prices respectively. With house prices rising by more
than the longun change implied by the land price change, consents rise t@ meetdsed
demand and so reduce the disequilibrium between house prices and component costs. Consents
rise relative to the baseline across the entire sample period such that consents are 23.29% above
baseline in the final period, which leads to a dwstbitigthat is 0.55% greater that the baseline
by the final period. The increasing stock ultimately reduces some of the pressure on house
prices, which sit 8.44% above the counterfactual intiqe@dder following the shock,
remaining 7.83% above thecterfactual in the final period. House price appreciation,
combined with population change, combine to push land prices 10.79% above the
counterfactual in the "L @uarter after the shock, remaining at around this level through to the
final quarter. Rentsse to reflect the increased costs, sitting 3.73% above baseline in the final

quarter.

The NZRHM suggests that Waimakariri and Selwyn will experience a shortage of
housing for an extended period, which will be reflected in house and land pricds afstlaeresu
Christchurch earthquakes. The implications for Christchurch City, from the previous simulation,
flow from the shortun constraints on population flows and the destruction of housing and
land. Together, these will lead to a significant degneeand pressure on prices and
construction. However, if population adjusts downwards in the long run, prices should return

towards baseline, with a permanently lower stock of housing thereafter.
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Figure5: Si mul ati on of Manukau

Dwelling Stock (LHS) and Housing Consents (RHS)
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Figure 6: Simulation of National Non-Per f or mi ng

Dwelling Stock (LHS) and Housing Consents (RHS)
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Figure7. Si mul ati on of National

Dwelling Stock (LHS) and Housing Consents (RHS)
110000 -

— — = Simulated Stock Baseline Stgck

seseese Simulated Consents ===== Baseline Co'nsents
[

100000 -

90000

80000 -

N
<

70000 -

-----.,L

60000 TTTTTTTTTITTTIT I T T I T T I T T I T T T T T I T T I T T I T I T T I T T T T T T T T I T T I T T I T T T T TIT T IT T T T I TTT
1993g1  1996g3  2000q1  2003g3  2007ql  2010q3

Period

Nominal Land (Lot) Prices, ($000's)

450 - -
400 -

1
1
= = =Simulated :
1

350 A

Baseline
300

250
200
150 -
100 -

50 TTTTTTTT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TTTTT

1993q1 199643 2000q1 2003q3 2007q1 2010q3
Period

Constructi on

550
500
450
400
350
300
250
200
150
100

1993q1

20

18

16

14

12

10

8

1993q1

Costs 1 10%
Nominal House Prices, ($000's)

- = = Simulated

Baseline

199643 200041 200343 200741 201043

Period

Annual Rental Price, ($000's)

= = = Simulated

Baseline

199643 200041 200343 200741 201043

Period

57



Figure8& Si mul ati on of Manukau

Dwelling Stock (LHS) and Housing Consents (RHS)
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Figure9: Si mul ati on of Manukau
Dwelling Stock (LHS) and Housing Consents (RHS)
110000 -~ — — simulated Stock Baseline Stgck i
------- Simulated Consents ==-===Baseline Co'nsents L
100000 - :

90000

80000 -

N
<

~ fe’
\\ "‘,‘.‘t
Ser -

70000 -

-_____,L

60000 TTTTTTTTTITTTIT I T T I T T I T T I T T T T T I T T I T T I T I T T I T T T T T T T T I T T I T T I T T T T TIT T IT T T T I TTT
1993g1  1996g3  2000q1  2003g3  2007ql  2010q3

Period

Nominal Land (Lot) Prices, ($000's)
450 - -

400 - = = = Simulated

I
I
1 -
I
|

350 A

Baseline
300

250
200
150 -
100 -

50 TTTTTTTT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TTTTT

1993q1 199643 2000q1 2003q3 2007q1 2010q3
Period

Devel

oper Contributions per Hous

Nominal House Prices, ($000's)

550 r
500 -
450 -
400 -
350 -
300 -
250 -
200 ~
150 -

- = = Simulated

Baseline

100 TTTTTT I T T T I T T T T T T T T T T I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TTT T TrTTITITT

1993q1 199643 200041 200343 200741 201043

Period

Annual Rental Price, ($000's)
20 -

13 - — — = Simulated

Baseline
16

14 -

12 -

10 -

8 TTTTTTTTT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TTT T

1993q1 199643 200041 200343 200741 201043

Period

ng

59

C



Figure1l Si mul ati on of Nati onal

Dwelling Stock (LHS) and Housing Consents (RHS)
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Figurelr Si mul ati on of Manukau

Dwelling Stock (LHS) and Housing Consents (RHS)
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Figure12 S
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Figure 13 Simulation of Impact of a Christchurch earthquake on Christchurch
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