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1. Introduction

The growth then subsequent collapse of housing markets in the US and across developed countries

has generated renewed interest in the housing sector. Many researchers have focussed on the

relationship between housing and consumption and on the implications of the housing sector for

the transmission of monetary policy. This paper focuses on developing an understanding of the

impact of fixed retail mortgage markets on the transmission of monetary policy within a small

open economy context.

When banks have monopoly power over their retail rates and revise their retail (lending and

deposit) rates infrequently, the efficiency of the interest rate channel of monetary policy transmis-

sion declines. Managing domestic demand through the relative price of today’s and tomorrow’s

consumption, becomes less effective relative to the direct and indirect exchange rate channels

that redirect domestic and foreign expenditures on domestic and foreign goods through the real

exchange rate. The relative shift in the importance of the two channels occurs because foreign

exchange arbitrages, and hence nominal exchange rate movements, are predominantly based on

wholesale rates. Wholesale rates of the same maturities are, in turn, more responsive to the official

cash rate than retail rates.

We find that such a modification of the transmission mechanism can have implications for optimal

monetary policy that are amplified by economies with two particular characteristics: (i) a sizeable

durable goods sector, such as housing; and (ii) an export sector that is relatively disconnected

from the domestic economy.

Erceg, Henderson, and Levin (2006) and Barsky, House, and Kimball (2007) show that durables

sectors can change the properties of monetary transmission extensively, and are generally more

sensitive to interest rates than other sectors. Sluggish responses of mortgage rates to the official

cash rate therefore make, monetary stabilisation less efficient.

Export sectors are frequently disconnected from the domestic economy when exports have high

commodity content and low manufacturing content. The indirect exchange rate channel redirects

foreigners’ expenditures to or from domestically produced export goods, and hits exporting firms.

This expenditure switching effect can, however, help stabilise domestic inflation only indirectly,

through balance-sheet or wealth effects.

These two characteristics portray the New Zealand economy. New Zealanders have a love affair

with housing and home ownership.1 Relative to other OECD comparators, New Zealanders hold

1See the speech “Kiwis like buying homes more than buying business” by Dr. Alan Bollard, Reserve Bank of New
Zealand Governor.
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a large part of their assets in housing.2 Further, the export sector has a high commodity content

based on agriculture.3 Analysing the disconnect between retail and fixed mortgage rates should

be important for identifying the best method of conducting monetary policy in New Zealand.

To this end we explore the effectiveness of monetary policy under two regimes: (i) variable

mortgage contracts; and (ii) fixed mortgage contracts. We summarise the objectives of the central

bank with a linear quadratic loss function over specific macroeconomic variables. We find that

the these alternative regimes have important implications of the ability of the central bank to

achieve their objectives.

Section 2 details New Zealand’s key institutional features and recent housing market develop-

ments. A simple VAR documents the dynamics of the housing sector our DSGE model must

capture. Section 3 details our multi-sector DSGE model and calibration to the data. Section 4 and

presents optimal policy under a range of alternative mortgage market structures and assesses the

implications of each structural feature of the volatility of the economy. Section 5 offers concluding

comments.

2. The New Zealand housing and mortgage market

2.1 The New Zealand Housing market

The strength of the global boom in housing has been at least as strong in New Zealand as

other countries. Between January 2002 and December 2007, New Zealand’s median house price

increased eighty percent in real terms. Figure 1 shows the increase in house prices in New

Zealand against international competitors. Although the housing boom started relative late in

New Zealand, the increase in house prices is of the same magnitude of both Australia and the

United Kingdom with comparatively smaller house price increases in the United States (see

Ahearne, Ammer, Doyle, Kole, and Martin, 2005, for a broader discussion of monetary policy

and the global house price boom).

The housing boom in New Zealand has impacted both directly and indirectly on inflation. The

construction cost of building new homes enters the consumer price index directly along with rents.

Furthermore, the strength in the New Zealand housing market has sustained strong growth in

consumption demand (see p. 56 Reserve Bank of New Zealand, 2007a). This sparked a policy

response with the Overnight Cash Rate (OCR), New Zealand’s monetary policy instrument,

2In December 2008, the housing stock comprised 75 percent of New Zealand household assets with mortgage debt
92 percent of total debt.

3In May 2009, milk powder, butter and cheese was 20 percent of merchandise trade by value.
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Figure 1. Real International House prices: 1986Q1 - 2008Q4
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NB. The United States house price series is the Case-Shiller series; the UK measure is the
Halifax measure; New Zealand is the Quarterly Value measure and the Australian series is
sourced from the Australian Bureau of Statistics. All nominal series are deflated with headline
consumer price inflation.

raised from 5 percent at the end of 2003, to 8.25 percent by July 26, 2007. This sustained

tightening phase stemmed from inflationary pressure resulting from excess domestic demand at

least partly driven by the increase in house prices (see p. 50 Reserve Bank of New Zealand,

2007a).

This policy response to the housing boom pushed the exchange rate appreciate to new post-

float highs against the US dollar and levels against the yen not seen since the mid-1980s, helped

at least in part, by “carry-trade”, with the issuance of liabilities denominated in New Zealand

dollars. Although New Zealand’s terms of trade increased by twenty percent since the end of the

1990s, the appreciation in the New Zealand dollar put pressure on the export sector.

However, figure 2 shows that the series of policy increases in the policy rate results in only a

muted increase in the effective mortgage. Although there was some decrease in banks’ lending
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Figure 2. Selected interest policy and retail rates: January 2000: March 2009
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margins over this recent period, the increasing influence of an fixed mortgages resulted in a

limited effect on the mortgage rate.

2.2 The New Zealand mortgage market

Up until the late 1980s mortgage contracts in New Zealand were set relatively conservatively.

Coleman (2007), who provides a more extensive overview of the development of the New Zealand

mortgage market, notes that contracts typically allowed for borrowing up to no more than 25

percent of annual gross earnings and banks normally lent no more than 75 percent of the value of

the property. However, interest rate deregulation and the removal of credit allocation guidelines

that began in 1984, saw banks offer progressively more variable contracts that included higher

loan-to-value ratios, under the preconditions that mortgagees purchase mortgage indemnity in-

surance.

More recently, during the boom period in New Zealand’s housing market, loan-to-value ratios
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Figure 3. Loan-to-value ratios in the New Zealand mortgage market, December 2008
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These LVR measures are based on the value of the property at the time the mortgage was
arranged, not the current market price and comprise data from the four largest banks (with 90
percent market share).

of greater than 80 percent of new loans were common, and 100 percent financing possible.

Subsequently many banks have instituted requirements that limit financing to 80 percent of

the mortgage loan. Figure 3 shows the loan-to-value ratio on existing mortgage contracts (as at

December, 2008) based on the value of the property when the loan was negotiated. Many loans

remain in high loan-to-value tranches.

A key feature of the New Zealand mortgage market is the prevalence of fixed rates over variables

contracts. This has sometimes been attributed to the prevalence of inverted yield curves in New

Zealand. The yield curve became steeply inverted in the late 1980s and early 1990s when New

Zealand began to target inflation.4 Combined with the earlier deregulation of interest rates, this

enabled some banks to offer fixed term contracts, that were later more actively promoted by large

banks. Over the boom period in New Zealand housing, over 80 percent of new mortgage contracts

4New Zealand’s yield curve has frequently been inverted over the inflation targeting period, much more so than
Australia, for example
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Figure 4. Maturity of the stock of New Zealand mortgage contracts: January 2005 to May 2009
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were for fixed rather than variable term mortgages, with most households typically opting to

fix for longer periods.5 More recently, after the boom, figure 4 shows mortgagees appear to be

entering shorter contracts.

These features are not unique internationally. Calza, Monacelli, and Stracca (2009) find het-

erogeneity across mortgage market features for industrial countries and find some evidence of

two clusters of mortgage-market types: (i) countries with well-developed mortgage markets that

display considerable flexibility in the duration, interest-rate structure, loan-to-value ratio and

equity release features of typical mortgage contracts, where mortgage debt to GDP ratios and

loan-to-value ratios tend to be high and (ii) countries with less well developed mortgage markets

where mortgage debt to GDP ratios and loan-to-value ratios tend to be low. However, combined

with the relative size of the New Zealand housing sector, and the

5Note that fixed mortgage contract are not fixed for the lifetime of the loan but fixed for a prespecified duration
(typically one, two or sometimes three years in the New Zealand context) with the option to refinance with any
market provider at the expiration of the contract.
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Figure 5. Interaction between House price and the business cycle: VAR evidence, 1992Q1 to 2006Q4

NB. An increase in the real exchange rate is an appreciation in the figure and throughout the
paper.

2.3 VAR analysis of the transmission mechanism

We follow a similar approach to Iacoviello (2005) and Calza, Monacelli, and Stracca (2009) and

use the impulse responses from a VAR to document the interaction between house prices and the

business cycle that our DSGE model should capture. We use data from 1992Q1 to 2006Q4, the

majority of New Zealand’s inflation targeting period.6 In particular, HP-filtered real consumption

data, real house prices (deflated with the seasonalised headline consumer price index), headline

consumer price inflation, the ninety day interest rate and the real trade-weighted exchange rate.

We estimate VAR models with 1 to 4 lags and choose a VAR with a single lag based on the

Schwarz information criterion. Figure 5 below shows impulses from a VAR ordered consumption,

real house prices, inflation, the ninety day rate and the real exchange rate.

6While New Zealand began targeting inflation in February 1990, we opt for a later starting point to avoid the
recession associated with the disinflation required to reach the adopted inflation target.
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The fourth row of the figure shows that the policy rate increases gradually in response to shocks

to inflation and output and increases in response to the real exchange rate, although this response

is insignificant. There is a pronounced hump-shaped response to house prices between six and

ten quarters.

Importantly, consumption increases in response to a house price shock, and conversely, the real

house price increases in response to consumption shocks, a feature we model by adding an explicit

housing sector in our DSGE model.7 In addition, the real exchange rate appreciates strongly in a

shock to the real house price. This has important implications for the volatility of sectors exposed

to the exchange rate while exposing a tension for the central bank in setting policy to mitigate

the domestic inflation generated by the housing shocks and exposing the exporting sector to

decreases in competitiveness from an appreciation in the real exchange rate. In the following

section we develop a multi-sector DSGE model that can encompass the dynamics implied by the

data and capture the features of the New Zealand mortgages market detailed in section 2.

3. The model

3.1 Key features

The model used in the paper is a simplified version of KITT (Kiwi Inflation Targeting Technol-

ogy), the RBNZ’s newly developed DSGE model for use as the core forecasting and policy model

(see Lees, 2009, for an overview). The model is characterized by three distinct production sectors

driven by their own stochastic trends in productivity/technology: an import (or tradable) sector,

a non-traded sector including housing, and an export sector. The setup allows us to explain

permanent movements in relative prices such as a permanent differential between the inflation

rates of tradables and non-tradables.

The model relies on the following four basic types of monetary transmission channels:

I interest rate channels, that is, intertemporal substitution in (i) consumption, and (ii) resi-

dential investment;

I exchange rate channels: (i) expenditure switching between non-traded goods and imports,

(ii) direct effect of the price of imported goods on the CPI basket;

I an income, or balance-sheet, channel through changes in exporters’ receipts induced by

nominal exchange rate movements;

I a credit channel, i.e. the effect of house prices on the loan to value ratio.

7Iacoviello (2005) stresses this feature of the US data and introduces collateral to generate this dynamic relationship
between the price of the housing asset and consumption.
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Further, relatively simple production functions are tailored to fit the stylised facts of the three

production sectors in New Zealand. The import sector does not use any domestics input factors.

The non-tradable sector (including housing) use only labour and their own intermediates. The

export sector is left exogenous for the purposes of this paper. The last assumption reflects the

fact that New Zealand’s exports (mainly dairy and other farming products) are, to a large extent,

supply-constrained in the short run, (see McCaw, 2007, for example).

Consumers demand three types of goods and services: import goods, non-tradable goods, and

housing services. Furthermore, they supply inelastically one unit of labour to the non-tradable

sector. However, output in the non-tradable sector may vary in response to demand shocks be-

cause of a roundabout production structure, where the sector’s own output is used as intermediate

input factor.

Consumers are impatient relative to the rest of the world, and borrow against their housing

wealth. The effective costs of borrowing are sensitive to the loan-to-value ratio, but not restricted

by a particular value of the ratio. Finally, the terms of trade are determined exogenously.

The model possesses a number of independent stochastic trends and these trends can contain

their own drift terms.8 The drift terms imply, in general, different growth rates for the model’s

real and nominal variables. We, however, concentrate these deterministic trends, that is, the drift

terms, out of behavioural equations into measurement equations. This step yields, of course, an

equivalent representation of the model, but the drift parameters can be now handled and/or

estimated much more easily. Although the model’s various real and nominal variables are not co-

integrated and can drift away from each other permanently, the structure of the model guarantees

that all nominal expenditure shares are stationary, i.e. have a fixed steady state. We achieve the

last feature by using unit long-run elasticities of substitution in consumption and production.

The long-run unit elasticities are, however, reduced to more realistic numbers in the short run

by various types of frictions defined so to have effect only over the business cycle, such as habit

formation or adjustment costs.

3.2 Varieties of goods

Households have tastes for varieties of differentiated import goods, non-tradables, and housing

services. Consequently, there are unit-mass continua of producers (importers, non-tradable firms,

and property managers) indexed on the interval [0, 1] who offer each a differentiated product and

8Stochastic trends are contained in import technology, non-tradable technology, real exports, the terms of trade,
and domestic and foreign general price levels.
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face a downward-sloping demand curve. We use the Dixit and Stiglitz (1977) framework based on

continuous CES indices to describe this type of behaviour. However, because the design of these

indices as well as all related results (i.e. first-order optimality conditions) are well-established in

the macroeconomics literature, we do not derive them formally in this paper.

Instead, we use the following notation for the description of the model. A CES index and its

expenditure-minimising price index are denoted by upper-case letters, whereas the individual

quantities and prices by corresponding lower-case letters, such as

Cτt =
[∫ 1

0
(cτit)

1/µ di
]µ
, P τt =

[∫ 1

0
(pτit)

1/(1−µ) di
]1−µ

, (1)

in the import (or tradable) sector, where µ/(µ − 1) is the elasticity of substitution between

individual goods, and µ is the implied flexible-price markup. Furthermore, we omit the superscript

i and just refer to cτt and pτt when deriving the optimal behaviour of a particular producer.

3.3 Production sectors

In this subsection we describe the technology available for the production of three types of goods

present in our model economy: import goods, non-tradables, and exports. The first two sectors

are subject to nominal frictions, namely an infrequent opportunity of optimising the price. The

optimal price setting is based on real marginal cost functions. To this end, we derive each sector’s

marginal cost schedule, beginning with the importing sector.

Importers purchase goods abroad and distribute them locally. Each importer’s one-period profit

is given by

pτt y
τ
t − Pmt mt, (2)

with Pmt = Pmft /St. The importer chooses pτt , y
τ
t , and mt to maximise the profits over an infinite

horizon (discounted at households’s present shadow value of wealth) subject to a production

function,

yτ = Aτtmt, (3)

a monopolistically competitive demand curve,

yτt = (pτt /P
τ
t )µ/(1−µ) Y τ

t , µ > 1, (4)

and a infrequent opportunity of optimizing the price. The importer’s real marginal cost schedule

is determined by the foreign price of import goods and independent of the importer’s own level
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of output,

Qτt = Pmt /A
τ
t . (5)

Producers of non-tradable consumer goods and housing investment use a roundabout production

structure with labour and the sector’s own intermediate production as inputs. Each firm’s one-

period profit is given by

pnt y
n
t −Wt`t − Pnt z

n
t . (6)

The firm chooses pnt , y
n
t , `t, and zt to maximise the profits over an infinite horizon (discounted

at household’s present shadow value of wealth) subject to a production function,

ynt = (Ant `t)
γn(znt )1−γn , γn ∈ (0, 1), (7)

a monopolistically competitive demand curve,

ynt = (pnt /P
n
t )µ/(1−µ) Y n

t , µ > 1, (8)

and an infrequent opportunity of optimising the price. The firm’s marginal cost schedule is

proportional to the two input factor’s prices, and is independent of the firm’s own level of output,

Qnt =∝ (Wt)γn(Pnt )1−γn . (9)

Real exports follow a log random walk,

logXt = logXt−1 + εxt . (10)

where εxt is an i.i.d. export shock. The profits received from exporters by households are then

simply P xt Xt, where P xt = P xft /St.

3.4 Households and property managers

Households derive their utility from consuming three types of goods: import goods, non-tradables,

and housing services. Furthermore, households purchase houses, borrowing from banks using

houses as collateral, and then engage property managers. Finally, households are each endowed

with an exogenous, potentially time-varying, amount of labour, and supply this labour inelasti-

cally to non-tradable firms. Because they behave competitively and symmetrically in all markets,

we can describe their aggregate behaviour as a single representative household.
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Each household’s expected lifetime utility is given by

E0

∞∑
0

(exp εtpt β)t
[
ωτ · u(Cτt ) + ωs · u(Cst ) + (1− ωτ − ωs) · u(Cnt )

]
, (11)

β, ωτ , ωs, (1− ωτ − ωs) ∈ (0, 1), (12)

where εtpt is an i.i.d. time-preference shock, and the utility index from consuming a particular

type of goods, u(· · · ), is

[u(Cτt ) = log
(
Cτt − χ

∫
Cτt−1

)
, χ ∈ (0, 1), (13)

(analogously for other types of goods) where
∫
Cτt−1 denotes last period’s aggregate, rather than

individual, consumption. This is our short-cut for external habit formation. Note that the habit

parameter, χ, is the same for all three types of goods.

The household’s decisions are subject to a dynamic budget constraint. The change in the house-

hold’s debt, t = 0, 1, . . . ,∞,

Bt −Bt−1 = · · ·

equals effective interest costs paid, with the effective costs depending on the household’s own

loan-to-value ratio,

· · · jet−1Bt−1 · · ·

where jet = jt + ζ · [Bt/(Et−1 P
n
t+1Ht) − ζ0], plus the purchases of import goods, non-tradables,

housing services, and housing investment, and costs of housing utilisation,

· · ·+ P τt C
τ
t + Pnt C

n
t + P st C

s
t + Pnt

[
Ht −Ht−1 · (1− δh)

]
+ υ0

1+υP
n
t Ut

1+υ · · ·

plus costs of changing the level of housing services (scaled by the aggregate level of nominal

housing services),

· · ·+ Pnt
∫
Cst · ηs ·

(
logCst − logCst−1

)2 · · ·

plus housing capital/investment adjustment costs (scaled by the aggregate nominal value of

housing capital),

· · ·+ Pnt
∫
Ht−1 · ηh · (∆ logHt − φh ·∆ logHt−1)

2 · · ·

less labour income, income obtained from property managers for the household’s vacancies they
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take care of, and net profits from firms,

· · · −WtLt −Qst UtHt−1 −Πt. (14)

Furthermore, households have tastes for a whole variety of differentiated housing services, refusing

to always dwell in only their own houses. Consequently, they are assumed to rent other places

from property managers. This allows us to introduce a rental market and rental expenses, which

are a component of the New Zealand CPI basket, rather than merely specifying a process for

imputed rents.

Accordingly, the role of property managers (who are, in fact, another type of firm owned by

households) is to take care of vacancies available from households (that is, from households

acting as landlords), and rent them out in a monopolistically competitive market to households

(i.e. to households acting as consumers of housing services). A property manager’s one-period

profit is given by

(pst −Qst ) c
s
t . (15)

The property manager chooses pst and cst to maximise the profits over an infinite horizon (dis-

counted by the households’ present shadow value of wealth) subject to a monopolistically com-

petitive demand curve,

cst = (pst/P
s
t )µ/(1−µ)Cst , (16)

and an infrequent opportunity of optimising the rent. The price Qst , at which property managers

rent the vacancies from households, is also the marginal cost for setting the rental price, pst .

3.5 Price setting

Following Calvo (1983) and Christiano, Eichenbaum, and Evans (2005), we randomly choose

a fixed proportion of producers in each period and let them re-optimise their prices. The non-

optimisers use a simple indexation rule,

log pt−1 = log pt−1 + π̃t,

where the indexing factor is the weighted average of past sector-wide inflation outcomes with

exponentially decaying weights,

π̃t = 1−ψ
ψ

∞∑
k=1

ψk πt−k, πt = logPt − logPt−1.
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For ψ = 0, we get the usual full backward indexation, π̂t, whereas for ψ → 1, sectoral inflation

tends to be indexed to its unconditional mean.

As a result, the law of motion for sector-wide inflation (the Phillips curve) is

πt − π̃t = β(Et πt+1 − π̃t+1) + (1−ξ)(1−β ξ)
ξ [log(Qt/Pt)− log(1/µ)] + εpt ,

where 1 − ξ is the proportion of firms re-optimising in any given period, the rest of the second

term on the r.h.s. is the gap in the sector-specific real marginal cost, and εpt is a sector-wide i.i.d.

cost-push shock. We may think of ψ as governing the intrinsic persistence of inflation, whereas

ξ controls its inertia, i.e. the responsiveness of inflation to its real driver, the real marginal cost

cycle. Note that the indexing factors are sector-specific, as are the newly introduced parameters

and shocks: π̃τt , π̃
n
t , π̃st , ψτ , ψn, ψs, ξτ , ξn, ξs, ε

pτ
t , εpnt , and εpst .

3.6 Financial intermediation

Banks intermediate loans to households, refinancing themselves from the international financial

market or the central bank at wholesale rates. Each bank’s next-period expected profit is

bt(1 + jt)− (bt − b∗t )(1 + it)− Et St

St+1
b∗t (1 + ift ), (17)

where jt is the bank’s prime rate, bt is total volume of loans granted by the bank, and b∗t is the

volume of loans financed through borrowing in foreign currency. The bank chooses jt and bt to

maximise the profit subject to a monopolistically competitive demand curve,

bt =
(

1 + jt
1 + Jt

)ν/(1−ν)
Bt. (18)

Furthermore, the bank applies an ad-hoc surcharge over the prime rate depending on the house-

hold’s loan-to-value ratio, such that the actual (or effective) lending rate is

jet = jt + ζ(Λt − ζ0), (19)

with the loan-to-value ratio is defined as Λt = bt/(Et−1 P
n
t+1Ht).

3.7 Exogenous processes

We close the model by specifying the processes for exogenous and external variables. World price

inflation and world interest rates, [πmft , ift ], follow a stationary VAR; the terms of trade follow

a log random walk,

log Tt = log Tt−1 + εtott , (20)
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where Tt = P xt /P
m
t ; the two productivity, or technology, processes are log random walks,

logAτt = logAτt−1 + ετt , logAnt = logAnt−1 + εnt . (21)

3.8 Monopoly power of banks and fixed-rate contracts

Rather than specify an ad-hoc fixed-rate mortgage contract mechanism, here we derive the retail

rate setting as a bank’s optimal decision. With certain monopoly power, the banks in our model

re-negotiate mortgage contracts at exogenously determined random times, keeping their rates

fixed in the meantime (analogously to Calvo, 1983). When setting new rates, they consider the

expected duration of new contracts and the future costs of refinancing, that is, the wholesale rate

controlled by the monetary authority.

Obviously, key to the existence of fixed-rate contracts in our model is monopolistic competition

with a certain degree of the banks’ control over their own retail rates. To justify the existence of

monopoly power, we introduce demand for a whole variety of differentiated bank loans. Hence, we

impose the following constraint on financial intermediation: to obtain a total amount of Bt dollars,

a household needs to take out a continuum of loans, bj t, from all existing banks, ∀i ∈ [0, 1], such

that

Bt =
[∫ 1

0
bj t

1/νdi
]ν
, (22)

with ν/(ν − 1) > 1 being the elasticity of substitution between differentiated loans (or banking

services, in general). Unrealistic though this assumption might seem at an individual level, it

can be an appropriate description of the aggregate behaviour of the loan market. The only

simplification with policy implications is abstracting from strategic interactions between banks:

in our model, each bank has zero impact on sector-wide aggregates, and takes the market-wide

developments as given.9

Note furthermore that the total amount available is smaller than, or equal to, the sum of all

loans granted,

Bt ≤
∫ 1

0
bj t di, (23)

with the equality occurring only in symmetric equilibrium, i.e. when bj t = bkt, k,∀i ∈ [0, 1]. We

ascribe the discrepancy between the two numbers to the social costs of financial intermediation.

9Strategic interactions can play a significant role in the New Zealand loan market, which is dominated by four major
banks.
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The costs affect the consolidated budget constraint, but are only second order.10 We may therefore

neglect them being interested only in first-order approximate dynamics.

Given constraint (22) and a desired level of Bt, households choose their portfolio of loans to

minimise the repayment,

min
∫ 1

0
bj t(1 + jj t) di s.t. (22). (24)

As a result, we obtain downward-sloping demand curves facing each bank,

bj t =
(

1 + jj t
1 + Jt

)ν/(1−ν)
Bt, (25)

and an aggregate gross interest rate payable on the total amount available,

1 + Jt =
[∫ 1

0
(1 + jj t)1/(1−ν)di

]1−ν

, (26)

such that∫ 1

0
bj t(1 + jj t) di = Bt(1 + Jt). (27)

We can now easily show that the aggregate retail rate follows a process resembling a Phillips

curve,

Jt − Jt−1 = β (Et Jt+1 − Jt) + (1−ξj)(1−βξj)
ξj

(it + ν + efit − Jt), (28)

where 1−ξj is the probability of a bank’s re-optimising the contract next period, it is the wholesale

(or policy) rate, ν is the sector-specific markup which gives rise to a systematic lending spread,

and efit is an i.i.d. shock to the marginal costs of financial intermediation financial intermediation.

3.9 Loan-to-value ratio, costs of borrowing, and bubbles

We assume households face increasing borrowing costs as a function of their loan-to-value ratios.

This assumption is based on the observed direct dependence of mortgage rates on borrowers’

loan-to-value ratios; additional life and/or property insurance required for higher loan-to-value

levels; re-negotiation of the mortgage contract and a consequent increase in the rate after a breach

of the contract occurs (such as late payments);11 and/or higher rates applied to unsecured loans

(which implicitly increase a household’s total loan-to-value ratio.

10Schmitt-Grohe and Uribe (2005) show that the difference between a CES index and the corresponding simple sum
of individual quantities is second order.

11We implicitly assume that the probability of contract breaches is increasing in the loan-to-value ratio.
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We summarise all such mechanisms in an effective interest rate facing each household,

Jet = Jt + ζ · (Λt − ζ0) , (29)

where ζ, ζ0 > 0 parameterise the cost of borrowing function, and

Λt = Bt/(Et P ht+1Ht exp qt) (30)

is the loan-to-value ratio, P ht is the fundamental house price, Ht is the stock of houses, and qt is

a house price bubble: in our case, an exogenous and irrational deviation of the observed market

house price from its fundamental, saddle-path stable level.

Because the loan-to-value elasticity of borrowing costs is internalised by households, the intertem-

poral Euler consumption has the following form:

Φt = β Et Φt+1 · (1 + Jet + ζ Λt) , (31)

where Φt is the current shadow value of households’ wealth. Note that the impact of the loan-to-

value ratio on the marginal price of tomorrow’s consumption is double the impact on the effective

rate.

3.10 Monetary Policy

To close the model, we assume that monetary policy is set according to the following Taylor-type

rule:

it = ρrit−1 + (1− ρr) (˜̄π + κ (Et π̃t+1 − ˜̄π)) (32)

where ˜̄π is the inflation target, ρr is the response to the lag of the interest rate and κ is the

responsiveness of the interest rate to deviations of inflation from the inflation target.

3.11 Model calibration

We calibrate the model using a relatively standard set of parameter choices in the literature that

reproduce key features of the VAR discussed in the first section of the paper. In particular, the

model should: (i) show gradual policy increases in response to inflation, output; (ii) respond with

a lag in response to increases in house prices; (iii) reveal output increases in response to a house

price shock; and (iv) the real exchange rate should appreciate in response to a house price shock.

Table 1 shows the parameterisation of the model.
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TABLE 1

Model parameters

Steady-state parameters
β Discount factor 0.981/4

ζ0 LTV function constant log(0.40)
ωτ Share of tradables 0.49
ωs Share of housing services 0.19
δh Depreciation rate for housing 0.013
µ Long-run mark-up in goods markets 1.2
γn Share of labour in non-tradables 0.50
υ0 Utilisation function constant 0.018

Transitory parameters
χ Habit parameter 0.85
υ1 Inverse of elasticity of utilisation rate 3
ζ LTV elasticity of effective mortgage rate 0.01
ηs Adjustment costs on housing services 100
ηh Adjustment costs on residential investment 300
φh Adjustment costs on residential investment 0.5
ξ′τ Phillips curve parameter in housing services 0.15
ξ′s Phillips curve parameter in housing services 0.10
ξ′n Phillips curve parameter in housing services 0.10
ψ Indexation to past inflation 0.75
ρr Interest rate smoothing term 0.80
κ Response to deviations of inflation from target 1.50

Stochastic process parameters
ρ(qt) Autocorrelation of housing bubble 0.90
ρ(ft) Autocorrelation of forex premium 0.80

4. Policy evaluation

To quantify the extent to which the central bank can achieve its inflation targeting objectives, we

compute optimal policy under both the baseline model and economies with alternative mortgage

contracts. We show the volatilities of the key macroeconomic variables that we assume enter

the cental bank’s loss function and calculate the cost to the central bank of particular mortgage

contract structure.

As Kydland and Prescott (1977) point out implementing commitment policy requires a device

available and without access to a commitment device. We assume that the central bank imple-

ments time-consistent discretionary policy, setting the policy rate, it, so to minimise an intertem-

poral loss function:

it = arg min
it

(1− β) Et
∞∑
k=0

βkLt+k. (33)
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We follow the majority of the inflation targeting literature and assume that the one-period general

loss function for the central bank is quadratic (returning thus a linear policy rule when cast in a

linearised model) and penalises deviations of key macroeconomic variables from their targets or

natural, i.e. flexible-price, levels.

Our choice of variables that should enter the period loss function is motivated by a desire to

capture the design of the Policy Targets Agreement, the contract between the RBNZ’s Governor

and New Zealand’s Minister of Finance. This contract specifies a flexible inflation targeting

regime. Specifically, clause 2b of the contract12 states (emphasis added by the authors of this

paper):

“For the purpose of this agreement, the policy target shall be to keep future CPI

inflation outcomes between 1 per cent and 3 per cent on average over the medium term.”

while Clause 4b specifies that13

“In pursuing its price stability objective, the Bank shall implement monetary policy

in a sustainable, consistent and transparent manner and shall seek to avoid unnecessary

instability in output, interest rates and the exchange rate.”

While optimising these macroeconomic objectives may deviate from the Ramsey policy, the

legislative framework at the core of New Zealand’s inflation targeting regime establishes goal

independence for the central bank such that the government delegates the objectives — encap-

sulated in the PTA — that the RBNZ is required by law to achieve.14 These objectives are

broadly consistent with the stated objectives of other cental banks and furthermore, we conduct

robustness analysis across alternative parameterisations of the loss function. Equation 34 specifies

our period loss function:

Lt =
[
(π̂T )2 + λy · (r̂mct)2 + λi · (it − it−1)

2 + λs · (σ̂t)2
]
, (34)

where π̂T 2 = ∆ logPt−π? is the deviation of CPI inflation from the target (which assumed to be

the unconditional mean by construction), r̂mct is the weighted average of real marginal cost gaps

across the three sticky-price sectors (tradables, non-tradables, and housing services), the third

term captures losses incurred by policy rate volatility, and σ̂t = ∆ log st−E∆ log st is the rate of

12See Reserve Bank of New Zealand (2007b).
13 Note that the PTA is expressed in terms of volatilities of macroeconomic variables and not objectives in the levels

such as full employment. The quadratic function approximates volatility with the variances of key macroeconomic
variables.

14The Governor can be fired if these objectives are not met.
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change in the nominal exchange rate centered on its unconditional mean.15 The parameters λy,

λi, λs express the central bank’s concern with output stabilization, interest rate smoothing and

exchange rate volatility. These objectives are expressed relative to a concern for CPI inflation

that is normalized to one.

A measure of output in the loss function is rather standard. We use the deviation of non-

tradable production from the hypothetical flexible-price level two reasons. First, real exports are

exogenous, and hence unaffected by monetary policy. Non-tradable output is therefore a natural

measure of endogenously driven fluctuations in domestic real economic activity. Second, the gap

measures allocation inefficiencies caused by nominal frictions in three sectors: import goods, non-

tradables, and housing services. If it were only for nominal frictions in one sector, the central bank

could undo the inefficiency completely, reproducing a flexible-price equilibrium. Nevertheless, with

more than one nominal friction, policymakers’ choices are restricted by a trade-off.

Furthermore, we include a weight on the change in the interest rate to capture the empirical

observation that central banks typically change policy in successive incremental changes in the

policy rate in the same direction and many papers in the optimal policy literature include the

change in the interest rate in the loss function, as in Svensson (2000), for example. Furthermore,

Dennis (2006) shows that including the change in the interest rate in the loss function matters

empirically. that a high weight should be attached to the change in interest rates to capture

the dynamics on interest rates in the US data. We also allow for the possibility that our open

economy central banks may be concerned with stabilising the nominal exchange rate. Obstfeld

and Rogoff (1998) suggest there are costs to exchange rate volatility that generates consumption

volatility and costly hedging activities on the part of firms.

Using the central bank’s loss function as our baseline metric, we consider the following approaches

to measuring the cost of fixed rate mortgages from the central bank’s perspective:

1. The location and shape of the policy frontier, and hence the relative (in)efficiency and

trade-off of monetary policy under fixed contracts.

2. Percentage deviations in the value of the loss function under the alternative mortgage

contracts.

3. The “inflation equivalent” as proposed by Jensen (2002). We compare outcomes under

variable retail rates and fixed retail rates, and find an “inflation equivalent” measure, π≡,

defined as a permanent increase in inflation required to make the value of the central bank’s

15In our model, the unconditional mean is uniquely determined by the inflation target, foreign inflation, and
technology parameters.
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TABLE 2

Policy loss under fixed vs floating mortgage rates

Fixed Floating
λy Float Fixed % diff. π≡ πt ∆it r̂mct πt ∆it r̂mct

0.0 6.44 7.92 22.99 1.22 2.50 1.85 4.15 2.27 1.63 4.16
0.1 8.30 9.68 16.73 1.18 2.49 1.97 3.97 2.29 1.75 3.97
0.2 9.96 11.27 13.14 1.14 2.49 2.10 3.81 2.31 1.88 3.81
0.3 11.48 12.72 10.79 1.11 2.50 2.23 3.67 2.34 2.02 3.67
0.4 12.86 14.05 9.10 1.08 2.51 2.36 3.55 2.36 2.15 3.55
0.5 14.17 15.27 7.80 1.05 2.52 2.49 3.44 2.39 2.28 3.44
0.6 15.38 16.41 6.75 1.02 2.53 2.61 3.34 2.42 2.40 3.35
0.7 16.51 17.48 5.87 0.98 2.54 2.72 3.25 2.44 2.53 3.26
0.8 17.58 18.48 5.12 0.95 2.56 2.84 3.17 2.46 2.64 3.19
0.9 18.60 19.43 4.46 0.91 2.57 2.94 3.09 2.48 2.75 3.12
1.0 19.56 20.32 3.87 0.87 2.58 3.05 3.02 2.50 2.86 3.05

loss function identical under the two setups. To see how this inflation-equivalent measure

is obtained, denote π≡ the amount of beyond target inflation in each period, required to

equate the loss under the floating-rate (L?) and fixed-rate contracts (Lf ):

π≡ =
√
Lf − L?. (35)

This follows directly from the definition of our quadratic loss function and the fact that we

normalise the loss by 1− β.

4. The relative contribution of interest rate versus exchange rate channels. To this end, we

examine the relative standard errors of the policy instrument (the 90-day rate) with respect

to consumption and the nominal exchange rate, their cross-correlations as well as the cross-

correlations of tradable and non-tradable CPIs.

Table 2 displays the key results for our policy experiment. We fix the weight on interest rate

smoothing (λi = 0.25 but allow the weight on output stabilisation to range 0 to 1. We calculate

losses when the central bank is faced with fixed mortgage contracts of an average of two years

duration and compare this case to an environment where all mortgage contracts are fully variable,

floating contracts. In each case the central bank implements the optimal time-consistent policy.

The table displays results for the case where there is no weight on output stabilisation (λy = 0)

in the first row of the table. The second and third columns of the table show the loss from

evaluating the central bank’s intertemporal loss function (see equation 33). The loss for the case

of fixed contracts is higher than for the case of floating contracts. At least according to our metric,

targeting inflation, is more difficult when mortgage contracts are fixed. In percentage terms, the

fourth column of the table suggests that the central bank’s loss is 23% higher when contracts are
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fixed. The fifth column reports π̃, the inflation-equivalent measure. The cental bank would be

willing to incur 1.22 percentage points more inflation in each quarter to shift to an environment

where mortgage contracts are floating rather than fixed. The final columns of the table show that

the change in interest rates are more volatile under fixed mortgage contracts — monetary policy

must work harder to achieve inflation targeting objectives.

Increasing the weight on output stabilisation mitigates the importance of the existence of fixed

mortgage contracts. When the weight on output stabilisation is 0.5 (half the weight on inflation

stabilisation), the percentage difference in loss is 7.80. However, the inflation equivalent measure

remains non trivial — the central bank would be prepared to incur 1.05 percentage points of

inflation, in each period, to move to operate in an environment where mortgage contracts are

variable. When output stabilisation takes the same weight as inflation stabilisation, the percentage

difference in loss is 3.87 percent, although again, the inflation-equivalent measure remains high.

To illustrate the dependence of whether fixed contracts matter on the parameterisation of the

loss function, figure 6 traces the standard deviations of the variables that enter the loss function

as the weight on output stabilisation is varied from 0 to 2, keeping the weight on interest rate

smoothing at 0.5. Figure 7 traces out the corollary of the exercise, allowing the weight on interest

rate smoothing to vary between 0 to 2, but keeping the weight on output stabilisation at 0.5. In

each figure, the left hand panel depicts the standard deviations of inflation and ŷt the weighted

average of the real marginal costs across all sectors (labeled “rmc”, real marginal cost, in the

figure), while the right-hand panel shows the standard deviation of inflation and the change in

the nominal interest rate. In each panel, “0”, “1” and “2” denote the appropriate loss function

weights for each figure under the case of floating rates (the fixed case cane be easily interpreted

from the figure).

Figure 6 shows that floating contracts relax the constraint on monetary policy and allow for better

monetary policy outcomes because the policy frontier is always closed to the origin (representing

lower volatility) that the fixed rate frontier. In addition, the figure reinforces the finding that the

difference between the two regimes is a function of the weight on stabilisation of the weighted

average of the real marginal cost. When the weight on stabilising real marginal cost is twice that of

inflation stabilisation (λy = 2), the differences in outcomes is diminished relative to lower values

of λy = 2. Figure 7 maps the volatility of the key macroeconomic variables when λi is varied

from 0 to 2. When there is no weight on interest rate smoothing the central bank is unconcerned

about manipulated the interest rate aggressively and the standard deviation of the change in the

interest rate is almost 20. Clearly, some weight on interest rate smoothing is required to return

results more consistent with the data. For parameterisations with some weight on interest rate
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Figure 6. Optimal Policy Frontier: Varying Output Stabilisation

Figure 7. Optimal Policy Frontier: Varying Interest Rate Smoothing
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smoothing, fixed mortgage contracts are more costly. However, the distance between the two

regimes appears to be an increasing function of interest rate smoothing.

To uncover the impact on the relative strength of the channels through which monetary policy

operates under the two regimes, table 3 presents cross-correlations for the case where the central

bank is twice as concerned about stabilising inflation than either output (λy = 0.5) or smoothing

interest rates (λi = 0.5). The first row of each matrix in the table shows the correlation of

aggregate consumer price inflation with the key macroeconomic variables. Comparing the floating

case to the fixed case shows that the correlation between non-tradables inflation and aggregate

consumer price inflation is much weaker under floating contracts. This stems from the stronger

negative cross-correlation between tradables and non-tradables inflation under floating contracts.

This negative cross-correlation is about 50 percent stronger in the case of floating contracts. It

appears that the central bank can set policy to offset shocks to each sector. The penultimate

column of the matrix shows the cross-correlation between gap between actual housing services

output and its flexible-price level, ŷ nt = log Y N
t − log Y N?

t , and key macroeconomic variables. The

correlation between this variable and consumer price inflation is much higher under the fixed

contract case because the central bank must be willing to drive large changes in interest rates to

offset the fixed contracting behaviour.

TABLE 3

Cross-correlations under fixed vs floating mortgage rates

Floating
CPI, APC16 1
Change in interest rates 0.16 1
Gap in RMC17 0.02 0.58 1
Log consumption -0.25 0.22 0.04 1
Non-tradable CPI, QPC18 0.13 0.37 -0.23 -0.09 1
Tradable CPI, QPC 0.56 0.46 0.44 -0.01 -0.39 1
Exchange rate, QPC 0.01 -0.40 -0.60 -0.10 0.05 -0.15 1
RMC in non-tradables -0.57 0.05 -0.14 0.45 0.28 -0.58 0.07 1
RMC in housing services 0.32 0.12 -0.20 0.22 0.56 -0.19 -0.09 0.02 1
RMC in tradables 0.19 0.47 0.93 -0.15 -0.35 0.61 -0.53 -0.49 -0.27 1

Fixed
CPI, APC 1
Change in interest rates 0.15 1
Gap in RMC 0.09 0.59 1
Log consumption -0.13 0.26 0.06 1
Non-tradable CPI, QPC 0.28 0.43 -0.15 -0.05 1
Tradable CPI, QPC 0.54 0.46 0.47 0.05 -0.26 1
Exchange rate, QPC 0.01 -0.36 -0.57 -0.09 0.05 -0.14 1
RMC in non-tradables -0.34 0.21 -0.06 0.47 0.28 -0.41 0.06 1
RMC in housing services 0.48 0.13 -0.11 0.24 0.58 -0.07 -0.08 0.00 1
RMC in tradables 0.15 0.45 0.93 -0.13 -0.29 0.57 -0.53 -0.40 -0.21 1
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5. Conclusion

New Zealand has not stood isolated from the global increase in house prices and deregulation of

mortgage markets. This paper examines one key feature of mortgage markets, the existence of

both fixed and floating mortgages, and shows that this matters for the ability of a small open

economy inflation targeter to achieve their objectives. In particular, we build an open economy

DSGE model with an explicit housing sector to capture the key features of the New Zealand

data.

We find that operating monetary policy in an environment where mortgage contracts are fixed,

and average two years in duration, hampers the central bank’s ability to stabilise the economy.

Using a standard quadratic loss function to approximate the inflation targeting objectives of the

central bank, the central bank is approximately 7-15 percent worse off under the fixed rate regime

and would be willing to around one percentage points in quarterly inflation each period in order

to operate under a world of floating rates. Under fixed rates, the central bank’s ability to buffer

shocks is limited.

The magnitude of the impact on monetary policy is a function of the weight placed on a measure of

output stabilisation — stabilising average real marginal cost across all sectors in the DSGE model.

However, this is not true of the weight on interest smoothing. Interest rate smoothing increases

the wedge between the two regimes and makes variable mortgages contracts more appealing from

the central banks perspective.

Future work could extend the range of fixed contracts to mimic other international markets and

our modelling approach to examine other features of the mortgage markets. Our framework

appears flexible enough to address alternative loan-to-value contracts and mortgage debt to

income ratios.
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