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Key findings

• Simulation evidence from amacroeconomicmodel of large scale asset purchases in
New Zealand suggests that they supported output and inflation during the COVID-
19 economic crisis.

• The simulation suggests that asset purchases did notmeaningfully contribute to the
rise or peak of inflation following the crisis.

• Moreover, the simulation indicates that the asset purchase programme had negligi-
ble effects on consolidated government debt. This is due to central bank losses be-
ing offset by increased economic activity and associated tax revenues in the model.

• A counterfactual experiment in which moderately negative rates are used suggests
that an effective lower bound of -0.75 percent would have allowed for similar eco-
nomic outcomes with lower government debt overall.

1 Introduction

Leading up to the Global Financial Crisis (GFC), interest rates had slowly declined across many
advanced economies. As a result, the policy rates in these economies were in danger of reach-
ing the effective lower bound (ELB); the point at which the interest rate cannot be decreased
further to stimulate the economy. As a result, advanced economy central banks began to ex-
plore additional tools for boosting demand. In response to theGFC,many of these central banks
deployed one such tool, quantitative easing, wherein the bank purchases assets such as bonds
or other securities on a secondary market.
Likewise, New Zealand applied a mixture of policies in response to the coronavirus disease
2019 (COVID-19) pandemic and the related economic crisis. On the monetary policy side, this
included the Reserve Bank of New Zealand - Te PūteaMatua (RBNZ) implementing a Large Scale
Asset Purchase (LSAP) programme.1 While many advanced economies had implemented quan-
titative easing policies following the GFC as noted above, this was the first time that such a tool
was implemented in New Zealand.
Monetary policy actions, both conventional and additional, can have material interactions with
the overall fiscal position of the government as a whole, which in New Zealand is reflected in the

1 While the New Zealand LSAP programme involved primarily purchasing New Zealand government bonds, suchprogrammes in other jurisdictions have included a wider array of assets. For example, in the United States, quanti-tative easing has included the purchase of mortgage-backed securities and agency debt of housing-related govern-ment sponsored enterprises Fannie Mae, Freddie Mac, and the Federal Home Loan Banks ( Federal Reserve Bank ofNew York, 2025). The European Central Bank’s asset purchase programme has included corporate debt, debt issuedby recognised agencies, regional and local governments, international organisations and multilateral developmentbanks, asset-backed securities, and covered bonds ( European Central Bank, 2025).
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Crown balance sheet. As such, in response to developments around the GFC and since, there
has been heightened focus on the fiscal effects of additional policy tools (Office for Budget Re-
sponsibility, 2023, Swedish National Audit Office, 2023, and Chadha, 2024). In the New Zealand
context, these concerns have led to the development of principles for using additional policy
tools (Reserve Bank of New Zealand, 2020), and legislation requiring the RBNZ to operate in a
financially responsible manner.2 They also led to theMonetary Policy Committee (MPC) Charter
requiring the MPC to consider financial risks associated with monetary policy tools, and explicit
consideration of financial risks to the RBNZ and Crown in the MPC’s risk appetite statement.
Despite these measures, as inflation increased over 2021, monetary policy become less stimu-
latory and short-term interest rates rose. This created "mark-to-market" losses for the RBNZ’s
portfolio of bonds purchased under the LSAP programme. These direct losses on the Reserve
Bank balance sheet are easily measurable and have received public scrutiny (RNZ, 2022 and
Tibshraeny, 2022). However, the overall net benefits of the LSAP programme, accounting for
the range of different channels through which the LSAP programme affects the economy and
fiscal position, are more difficult to measure.
As the LSAP programme was the first application of quantitative easing in New Zealand, there
is limited research on the overall effect of such tools on the New Zealand economy. The RBNZ
Review and Assessment of the Formulation and Implementation of Monetary Policy (RAFIMP,
Reserve Bank of New Zealand, 2022) outlined the effects and benefits of the LSAP programme,
providing some initial estimates of its impact on the New Zealand economy. The RAFIMP noted
the considerable difficulty in quantifying the benefits of the LSAP programme, in contrast to the
relative ease of measuring the mark-to-market costs. It broadly concluded that COVID-era addi-
tional monetary policy tools contributed to higher output and inflation during the pandemic.3
However, the RAFIMP did not quantify the effects of the LSAP programme in a formal modelling
framework that internalises the interactions between monetary policy, the fiscal balance sheet
and the macroeconomy.
The paper aims to address this gap in our understanding of New Zealand’s experience with
monetary policy stimulus during the pandemic and its immediate aftermath. What were the im-
pacts of some COVID-19 monetary policies, in particular LSAPs, on the New Zealand economy
and its consolidated fiscal position? And what may have been the impacts from additional poli-
cies, such as moderately negative interest rates?4 To approach these questions, we face two

2 Specifically, the Reserve Bank of New Zealand Act 2021 requires the board to “...ensure that the Bank operatesin a financially responsible manner and, for this purpose, that it prudently manages its assets and liabilities".
3Specifically, the RAFIMP estimates that “...AMP tools had a peak impact on interest rates equivalent to a cut intheOCR of around 90 basis points” and “...with all else equal, the peak impact of a 90 basis point cut in theOCRwould:increase the output gap by around 0.6 percentage points, increase annual CPI inflation by around 0.5 percentagepoints; and reduce the unemployment rate by around 0.3 percentage points”.
4 A negative policy rate was not an option for the RBNZ during COVID-19, as the private banking system was notoperationally ready for this policy.
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key challenges. First, there is relatively little data currently available in the New Zealand context
to empirically assess the effects of these policies. A second challenge is the size of the shocks
involved and the extreme movements in economic activity, which have not previously been
observed in historical data. To address these challenges, we rely on a sophisticated, dynamic
stochastic general equilibrium (DSGE) model of the New Zealand economy.
We use the model of Erceg et al. (2024), which is a two-country, two-asset model with many
features in common with conventional central bank structural models. In addition to standard
short-term interest rates, the model includes a segmented market for long-term government
bonds issued by the fiscal authority, raising the prospect for the central bank to participate in
this market (LSAPs). The model also includes features to reflect non-linearities that are impor-
tant to explain inflation dynamics during periods of volatility, as was observed during the GFC
and the COVID-19 pandemic. This includes households that discount events far in the future,
firms that face nonlinear price elasticities of demand, a non-linear Phillips curve and an ELB that
constrains policy rates. The smaller of the two countries in the model is calibrated to the New
Zealand economy.
Following Kolasa et al. (2025), we simulate the effects of LSAPs taking place over the COVID-
19 period and compare with a counterfactual without LSAPs. Our simulation findings suggest
that LSAPs supported both inflation and output during the acute period of the COVID-19 crisis,
while not dramatically affecting the rise or peak of price rises during the high inflation period
that followed. These findings support the conclusions of the RAFIMP, noted above. However,
the results suggest that LSAPs did play a role in supporting amore positive output gap than oth-
erwise during the post-COVID period until about the third quarter of 2023. The model results
suggest an important transmissionmechanism from LSAPs through to reduced long-term rates
and hence a suppressed real exchange rate, boosting activity through increased exports. This
increased activity boosts labour tax revenues, and, to an extent, consumption tax revenues, rel-
ative to the simulation without LSAPs. As a result, by the end of the simulation horizon/timeline,
consolidated government debt with LSAPs is very similar to that in the counterfactual case with-
out LSAPs, even though central bank losses on the LSAP portfolio are in line with actual data.
We also explore a counterfactual with another additionalmonetary policy tool, negative interest
rates, instead of LSAPs. We find that with amoderately negative ELB, the policy rate would have
still been at this lower bound for an extended period. We find that with scope for rates as
low as -0.75 percent, close to the limit of what is likely to be possible in reality, inflation and
activity outcomes would have been very similar to what was observed with LSAPs. However,
the results suggest that high inflation may have peaked slightly higher and persisted for slightly
longer. Like LSAPs, negative policy rates raise tax revenue, with increasing potency the lower
the rates can go. They would have resulted in higher government debt during the acute phase
of the crisis, but lower debt by the end of the crisis, after the central bank losses are realised.
Insofar as negative policy rates stimulate the economy more through domestic consumption
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(as observed in Kolasa, Laséen, and Lindé (2025)) than the exchange rate channel of LSAPs,
these results suggest that policy makers face a number of tradeoffs when choosing between
which tools to employ, and in what measure.
The remainder of the paper is as follows. Section 2 reviews the relevant literature within which
this work sits. Section 3 outlines the model, focusing on an intuitive description while referring
the reader to the literature for more formal treatments. Section 4 presents the calibration and
impulse response analysis. Section 5 describes in detail the simulation exercises and results.
Section 6 concludes.

2 Related literature

Discussion around the potential for a central bank to influence rates of return on a range of
assets dates back to at least Tobin (1969). This paper hypothesises that the impact of mone-
tary policy can only be understood by observing changes in the full range of market valuations
relative to capital valuations, rather than a single monetary aggregate.
These arguments were brought to the policy forefront by Clouse et al. (2000) amid recognition
of the possibility that central bank policy ratesmay reach zero andhit their ELBs in a low inflation
environment. The paper considers mechanisms through which purchases of US Treasuries by
the Federal Reserve at the ELB could support economic activity by increasing liquidity, altering
expectations, and promoting bank lending. Drawing on the insights from Clouse et al (2000),
Bernanke (2002) asserted that "...a central bank, either alone or in cooperation with other parts
of the government, retains considerable power to expand aggregate demand and economic
activity even when its accustomed policy rate is at zero."
Noting the above developments in the policy arena, Andres, Lopez-Salido, and Nelson (2004)
extends the New Keynesian model to allow for imperfect substitutability between long- and
short-term assets. Specifically, the paper introduces a market for long-term bonds, and seg-
ments this market from that for short-term bonds by restricting participation in the short-term
market. Estimated on US data, the model finds that movements in the relative stocks of assets
contribute towards deviations of long-term rates from the forward path of expected interest
rates. These estimates support the existence of a mechanism by which monetary policy can
impact long-term rates independently of the compounding effects of its impact on short-term
rates, providing evidence for the channels highlighted in Clouse et al. (2003) and Bernanke
(2002) in a general equilibrium model.
The GFC resulted in the Federal Reserve launching its quantitative easing programmes. Chen,
Cúrdia, and Ferrero (2012) employs such a programme in a DSGEmodel with market segmenta-
tion to run a counterfactual experiment exploring what outcomes would have prevailed in the
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absence of the LSAP programme. Calibrating the modeled LSAP programme to the announce-
ment size and holding the policy rate at the ELB for four quarters, the paper finds that the
programme increased output growth by at most a third of a percentage point, with negligible
effects on inflation. Likewise, Kiley (2014) estimates a DSGEmodel with segmented markets on
US data finds that, while both short- and long-term rates affect demand, current and expected
short-term rates have a larger impact than long-term rates.
Kolasa and Wesolowski (2020) extends the aforementioned work to an open-economy envi-
ronment, examining the spillover of LSAPs by major economy central banks to small open
economies. Calibrating the small economy to Poland and the large economy to a conglomerate
of the US, the United Kingdom, and the euro area, the paper finds that LSAPs in the large econ-
omy boost domestic demand, but reduce competitiveness and activity in the small economy
due to high capital inflows and an appreciation of the real exchange rate.
Building further on this work, and motivated by the post-COVID inflation outcomes, Erceg et
al. (2024) studies the impacts of central bank long-term bond sales as well as their interna-
tional spillovers. It providesmodel evidence that asset sales involvemore adverse international
spillovers than policy rate increases. These include an inflation-output tradeoff created by a
depreciation of the exchange rate in the recipient economy, particularly in emerging market
economies with exchange rate pegs.
Adrian et al. (2024) applies the model of Erceg et al. (2024), emphasising the macroeconomic
benefits of LSAPs and their tendency to improve the government’s consolidated fiscal posi-
tion. In particular, the paper notes that LSAPs will tend to decrease the debt-to-GDP ratio due
to higher activity boosting tax revenues, debt service costs falling due to lower interest rates,
higher bond pricesmaking new debt issuance cheaper, and existing debt being inflated away. It
contrasts this to more modest economic benefits of a positive government expenditures shock
and less favorable fiscal outcomes. The paper then shows, via simulations based on shocks cal-
ibrated to match the 1960-2024 period, that while the central bank often incurs losses due to
LSAPs in a shallow liquidity trap, the consolidated fiscal position nonetheless often improves.
Finally, Kolasa, Laséen, and Lindé (2025) examines themacroeconomic and fiscal consequences
of LSAPs conducted by the central bank of a small open economy itself, as opposed to spillovers
from those in larger economies. Motivated by the Swedish central bank’s losses on its LSAP pro-
gramme leading to a capital injection equivalent to about 0.7 percent of 2023 GDP, the paper
calibrates a version themodel of Erceg et al. (2024) to the Swedish economy to evaluate counter-
factuals without LSAPs, without negative interest rates, and without additional monetary policy
tools whatsoever.
It finds that additional policies in Sweden did not have a notable impact on output growth and
core inflation quarter-by-quarter, but that the cumulative impact and the impact on the ex-
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change rate were significant. Moreover, it finds that additional policies improved the consoli-
dated fiscal position by 5 percent of GDP. It then explores a counterfactual scenario in which
government consumption is used to stimulate the economy instead of additional monetary pol-
icy measures, finding that this would have entailed higher fiscal costs.
This paper extends the analysis of Kolasa, Laséen, and Lindé (2025) to examine the particular
case of the New Zealand economy during the COVID-19 pandemic. In particular, we carefully
calibrate the model to match key characteristics of the New Zealand economy, including the dy-
namics triggered by monetary and government spending shocks in previously estimated DSGE
models for New Zealand. Moreover, we study a particularly volatile period characterised by
large economic shocks and a rapid scaling up of the central bank’s balance sheet.
This paper also contributes to the broader set of research on the economic impacts of the
COVID-19 pandemic and policy response in New Zealand. The literature looking at the impact
of additional monetary policies in New Zealand is sparse. In a survey of international studies,
Kengmana (2021) notes that bond purchasing programmes increased real GDP between 0.5-
2.2 percent for every bond purchase worth 10 percent of GDP. Similarly, the peak impact on
inflation ranges between 0.5-2.0 percent. In a study considering the impact of the Funding for
Lending Programme, Nolan and Tong (2022) found that the programme reduced commercial
banks’ funding spread by about 15 basis to the end of 2020, but that pass-through to mortgage
rates was slow. However, to our knowledge, this is the first study to estimate the economic
and fiscal impacts of LSAPs using a rigorous modelling approach in the New Zealand-specific
context.

3 Modelling framework

We use the model of Erceg et al. (2024), which is closely related to those of Kolasa and
Wesolowski (2020), Adrian et al. (2024), and Kolasa, Laséen, and Lindé (2025). This model
consists of two countries, a home economy and a foreign economy. It includes many of the
features common in the open-economy DSGE literature, such as households that optimise life-
time utility from consumption and labour, firms that optimise profits subject to price rigidities,
a government that issues short- and long-term bonds to finance its deficit and a central bank
that reacts to deviations of output and inflation. However, there are a number of less standard
features of the model that are adopted to allow for the study of policies such as LSAPs, forward
guidance, and fiscal policy.
For example, the model features markets for both short- and long-term government bonds,
giving households multiple assets through which to save. To prevent arbitrage from equalising
the returns on these assets, the markets for them are segmented, following Andres, Lopez-
Salido, and Nelson (2004), Chen, Cúrdia, and Ferrero (2012), and Kiley (2014). In particular,
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some households are unable to purchase short-term bonds, and only have access to long-term
bonds. As noted in Erceg et al. (2024), one interpretation for those households that only hold
long-term bonds is that they represent investors such as pension funds who mostly hold long-
term safe assets.
Additionally, as in Gabaix (2020), households exhibit bounded rationality in that they expect
the economy to return to the steady state after any given shock faster than it in fact will, follow-
ing. This feature negates the forward guidance puzzle: the phenomenon that, when the model
economy’s expectations are formed rationally, announcements about future interest rates have
an infeasibly large impact on household behavior (see, for example, Del Negro, Giannoni, and
Patterson (2023)).
On the production side, the model features nonlinearities in firms’ decisions and the aggregate
Phillips curve, along with a demand specification for intermediate inputs that reduces firms’
incentive to adjust prices in a weak economic environment while strengthening this incentive
when the economy overheats. Preserving nonlinearity is key to capturing these effects, in partic-
ular in response to large shocks such as the COVID-19 pandemic. In particular, Harding, Lindé
and Trabandt (2022) finds that these features are key for resolving the “missing deflation puz-
zle” during the GFC, the observation that despite the deeply negative shock to economic activity,
inflation declined less that expected. Moreover, Harding, Lindé and Trabandt (2023) highlights
their importance for high inflation following the COVID-19 pandemic.
Finally, the model features a central bank which is able to release short-term reserves to pur-
chase long-term government bonds, i.e. the model analogue of LSAPs. In doing so, it may
realise a profit or a loss on its portfolio, as the prices of the bonds fluctuate. This profit or loss
is remitted to the fiscal authority.
A more formal description of the model’s fundamentals is provided in Appendix 7 while the
comprehensive details are available in the benchmark paper of Erceg et al. (2024). We deviate
from the benchmark model only in the parameterisation of the model to adapt it to the New
Zealand case. The parameters of the model are calibrated based on the literature, and in par-
ticular, how well the model can match quantitative benchmarks in prior modelling studies on
New Zealand. Appendix 7 describes the calibration strategy in detail.
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4 Understanding the transmission mechanism: LSAPs
and the dynamics of the real economy and the fiscal
balance sheet

Figure 1 shows the response of the model economy to a shock in which the central bank pur-
chases long-term government bonds equal to 1 percent of annual steady-state output. The sur-
prise increase in the demand for long-term government bonds causes their yield to fall, once
again eliciting a depreciation of the exchange rate to balance the return on assets in each econ-
omy. Similar to a conventional decrease in the policy rate, exports, output, and inflation all in-
crease on impact, although the asset purchase shock has a less potent effect on all three. Mean-
while, the consumption of the restricted householdswho are only able to invest in the long-term
asset respond to the lower return by reducing their savings and increasing their consumption.
As noted in Kolasa, Laséen, and Lindé (2025), the consumption of unrestricted agents does not
respond to the asset purchase shock, because these agents are able to arbitrage between short-
and long-term rates, and because the policy rate increases in response to increased inflation
and output.

Figure 1: Impulse responses to a central bank asset purchase shock.

Recall that in our calibration of the model, the adjustment cost parameter for long-term bonds
was selected in order to ensure that the output response to an asset purchase shock would
not be too large compared to what is found in the literature. In particular, Fabo et al. (2021)
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surveys both the academic and central bank literature on the effects of LSAPs. Looking at the
peak effect of purchases equivalent to 1 percent of GDP, the paper reports that themean across
non-central bank studies is 0.11 percent. As shown in Figure 1, and similar to Kolasa, Laséen,
and Lindé (2025), the response of the model economy falls well below this baseline, limiting the
likelihood that the results here overestimate the potency of LSAPs.5

Finally,we focus on the consolidated fiscal position of the fiscal and monetary authorities. Fig-
ure 2 shows the response of tax revenue, central bank profits, and government debt to the
LSAP shock, all as a percentage of annualised steady-state GDP. Increased economic activity
from LSAPs results in higher consumption and labour income tax revenues for the government.
Moreover, the assets purchased by the central bank continue to pay the higher long-term inter-
est rate while being financed by short-term reserves paying the policy rate. While the policy rate
rises due to the central bank’s endogenous response to inflation and output, and the long-term
rate declines due to the additional demand for long-term bonds, the long-term rate remains
above the policy rate. This results in a profit for the central bank which is remitted to the fis-
cal authority. These revenue increasing effects, along with the lowering of interest payments
on long-term bonds, more than offset the increased interest payments on short-term debt, so
that the stock of government debt declines following the shock.6 However, the presence of
long-term assets on the central bank balance sheet alongside short-term liabilities raises the
potential risk of a future loss in the event that short-term interest rates in the future exceed
current long-term rates. In particular, in the event of further macroeconomic developments
resulting in above-target inflation, policy rate increases by the central bank could result in high
short-term rates. However, economic agents might expect the situation to normalise and for
rates to return to a lower level in the relatively near future. In that case, insofar as the long-term
rate reflects an average of short-term rates over the long horizon, it could end up being lower
than shorter-term rates.7

5 Simulating the LSAP programme during COVID-19

The previous section demonstrated the mechanism by which a one-off exogenous asset pur-
chase by the central bank equal to one percent of GDP could be both profitable as well as

5 However, it is worth noting Kengmana (2021) highlights three reasons that wemay expect LSAPs to have beenless effective in New Zealand during COVID than in other countries. First, long-term interest rates were relativelylow for much of the period, limiting scope for further increases. Second, long-term rates may be less important inNew Zealand due to short fixed durations for mortgages and small long-term wholesale funding markets. Third,swap rates are generally more important than government bond yields as benchmark interest rates in New Zealandfinancial markets.
6 More specifically, the response shown here is that of government debt at steady-state bond prices. Themarketvalue of this debt increases in the short run due to increased demand pushing up on prices, but declines relative tothat in the steady state in the longer run.
7Put another way, this could be the case in the event of a negative term premium.
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Figure 2: Fiscal responses to a central bank asset purchase shock.

increase sources of government revenue resulting in declining debt, albeit requiring a shift in
the risk profile of the central bank’s balance sheet. This provides initial support to the notion
that, in the event of the central bank making a loss on asset purchases, other sources of rev-
enue could offset this loss. However, asset purchases by the RBNZ during the COVID-19 period
differed from this initial exercise in a number of ways.
First, the purchases and subsequent unwind tookplace in an environmentwith additional shocks
to the macroeconomy. The trigger of the fall in output during COVID-19 was public health re-
latedmobility restrictions, unlike in the experiment in the previous sectionwhich featured LSAPs
as the trigger of the business cycle. Second, LSAPs during COVID-19 were announced in ad-
vance, with the purchases themselves only taking place over an extended period following the
announcement. Finally, the purchases announced were much larger than the one-time LSAP
shock of 1 percent of steady-state GDP used in the previous experiment, with total announce-
ments reaching 33 percent of annual GDP. Since the model features non-linear characteristics
such as those in the response of demand to relative prices, the responses of optimising agents
to large shocks may differ significantly from a simple scaling up of their responses to smaller
shocks. Hence, it is important to design the policy experiment appropriately to mimic the situ-
ation faced by the New Zealand economy during the episode.

5.1 Macroeconomic policy during the pandemic

The RBNZ’s asset purchases during the pandemic were conducted in response to significant
macroeconomic developments. Throughout the entire period, a variety of restrictions on eco-
nomic activity were in place to limit the spread of the virus in the event that it should reemerge
in the country. These included the closure of the international border, a two-month nationwide
lockdown to contain the initial spread of the virus, two additional lockdowns in the Auckland
region, and a second nationwide lockdown to contain a more contagious variant of the virus.
Towards the end of these public health-related restrictions, the New Zealand economywas also
exposed to supply chain disruptions which resulted in high inflation domestically and abroad.
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Figure 3 presents the evolution of COVID-era conventional and additional monetary policy mea-
sures in New Zealand. In response to the public health crisis and the macroeconomic conse-
quences that were initially expected to play out, the RBNZ lowered the OCR to its ELB of 0.25
percent,8 committing to keep it there for one year. In subsequent policy rounds, it continued
to publish an OCR track, providing further forward guidance as the situation evolved. Addition-
ally, the RBNZ announced LSAPs of New Zealand government bonds totaling up to 59 billion
New Zealand dollars (NZD), and removed its macroprudential restrictions on mortgage lend-
ing. Later in the year after the crisis began, the RBNZ also announced its funding for lending
programme (FLP), aimed at provided up to NZD 19 billion of low cost funding for private banks
which would then be lent onward to individuals and businesses at low rates. On the fiscal side,
the government provided the COVID-19 Response and Recovery Fund (CRRF), totaling NZD 58.4
billion. This fund was allocated to a number of initiatives, such as wage subsidies for employers
who experienced revenue declines due to the pandemic, as detailed in Government of New
Zealand (2020).

Figure 3: Timeline of COVID-era monetary policies.

5.2 Using demand shocks to mimic COVID-era economic dynamics

In order to capture the economic shocks faced by the economy during this period, we follow
the approach of Kolasa, Laséen, and Lindé (2025). This approach is motivated by the idea that
the central bank’s policy rate projections are a sensible indicator of the size of the positive or
negative shocks that are influencing the outlook for the economy as a whole, conditional on
other monetary policies being pursued by the central bank. It therefore selects the shocks in
the model so that the policy rate track produced by the endogenous response by the model

8The effective lower bound was considered to be small but positive at this time due to concerns that privatebanks’ systems and processes were not prepared to operate with negative interest rates.
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central bank matches as well as possible the actual policy rate projections as they were in real
time.
In practice, there are several ways that one could perform the above exercise, given the variety
of shocks, present and future, in the model and the various features of the forward rate track.
Following Kolasa, Laséen, and Lindé (2025), we adopt a pragmatic approach, selecting a single
demand shock in each period as opposed to considering multiple types of shocks. While this
approach simplifies the computation of the shock, it does not directly consider supply side fac-
tors which also undoubtedly played a role during the COVID crisis and subsequent reopening.
Instead, these shocks can be thought of as capturing the net effect of supply- and demand-side
factors during the crisis. Also not considered here are the impacts of fiscal measures taken in
response to the pandemic or other demand side factors. Additionally, choosing a single con-
temporaneous shock to accompany each projection implies that the rate track thereafter sim-
ply follows the model Taylor rule, rendering it unable to closely match the entire rate track. We
therefore focus on the near term in the projections.
The demand shocks we will consider here are those to the household discount factor; an ex-
ogenous increase in the discount factor implies that the household values future consumption
more than current consumption, suppressing aggregate demand (See Equation 1 in the ap-
pendix). Beginning with the economy in the steady state, we initially find a shock which sets the
OCR at 1 percent, its level in 2019Q4. Subsequently, we find a shock which puts the OCR at the
ELB for one year, the initial period of forward guidance given by the RBNZ in 2020Q1. During
the remainder of the acute crisis phase, we find a shock in each quarter such that the duration
of the ELB in the model matches that in the RBNZ’s forecast policy rate for the corresponding
quarter. During the hiking cycle that followed, we find a shock such that the model-implied
forecast most closely matches the RBNZ forecasts during the period interest rates were shown
to increase. Once the peak in interest rates is reached, we choose the shock to best match the
model implied track to the full RBNZ forecast. For further details regarding this procedure, see
Appendix 7.

6 Two counterfactual policy experiments

We are interested in conducting two counterfactual experiments. In the first, we examine the
economic outcomes in a world in which the RBNZ had not implemented the LSAP programme.
In the other, we examine what outcomes may have been if the RBNZ had been able to use a
negative policy rate in lieu of the LSAP programme.
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6.1 An alternative world without LSAPs

What could have evolved in an alternative world in which the RBNZ did not engage in LSAPs
during the COVID-19 economic crisis? In particular, we are interested in how inflation and activ-
ity outcomes would have differed, as well as the potential transmission mechanism from asset
purchases to these outcomes. Moreover, we are interested in the fiscal consequences of the
purchases, both for the central bank itself, but more importantly for the fiscal position of the
government as a whole.
In order to conduct this counterfactual experiment, we will use the shocks computed in the
previous section as indicative of the magnitude of the economic shocks during the crisis. Given
these shocks, we perform a simulation of the economy in which the RBNZmakes the announce-
ments as in the previous section, but in which asset purchases are revised to match what was
actually bought in each period. After the asset purchases conclude, for simplicity we allowmean
reversion in the rule in the central bank’s asset holdings to wind the programme down (see
Equation — in the appendix). Additionally, we perform a simulation in which no purchases are
announced nor conducted.
This exercise abstracts from a number of features of the COVID crisis itself. For example, it
only considers monetary policy actions, and not specific health policies or fiscal policies such as
wage subsidies that were in place. As a result, the simulated series for macroeconomic aggre-
gates from the model with LSAPs are unable to replicate actual outcomes. Therefore, in order
to provide a useful comparison to these outcomes, we present actual outcomes alongside a
series that removes the marginal impact of LSAP purchases based on the difference between
simulated values with and without LSAP purchases.

Figure 4: Monetary policy instruments in the no LSAPs counterfactual.
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Figure 4 displays the actual OCR track in New Zealand during the crisis, as well as the interest
rate hiking cycle following the full reopening of the borders and the economy, in the red solid
curve. The figure also displays the rate track that the simulation exercise implies without LSAPs
in the black dashed line. Both rates decline to the ELB of 0.25 percent in the first quarter of
2020, remaining there until liftoff in the latter half of 2021. They remain approximately equal
through most of the hiking cycle, but with the rate without LSAPs ending the simulation period
about 19 basis points higher than that with LSAPs. This is due to the additional quantitative
tightening effect of the asset holdings being run off the central bank’s balance sheet. Figure
4 also displays central bank asset holdings as a percentage of 2019 GDP in the data, rising
beginning in the first quarter of 2021 and reaching a peak of 19.4 percent in the middle of 2021,
before declining through to the end of the simulation period. Of course, LSAPs are simply zero
in the counterfactual.

Figure 5: Inflation and the output gap.

Next, we examine the implications for consumer price inflation and the output gap in the no-
LSAP counterfactual. Figure 5 displays these variables, once again with the actual outturns in
the solid curve and simulated outcomes without LSAPs in the dashed curves. Without LSAPs,
themodel suggests that inflation would have fallen to a trough of 1 percent during the initial cri-
sis period, at the bottom of the RBNZ’s target band. The model further suggests that, although
inflation would have been slightly lower without LSAPs throughout the inflationary period, ow-
ing to its lower starting point, the eventual peak is essentially identical. This is once again due
to the additional tightening due to the LSAP rolloff during the hiking cycle offsetting the stimu-
latory impact during the crisis. Moreover, at the end of the simulation, the rate of inflation is
0.15 percentage points higher without LSAPs, suggesting the potential for a small amount of
additional persistence absent the contractionary effect of the programme rolling off.
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The second panel in Figure 5 shows the output gap expressed as a percentage of potential out-
put. We see that the output gap was -2.2 percent in the second quarter of 2020, during the
initial nation-wide lockdown in New Zealand. The gap essentially closed in the third and fourth
quarters of 2020 and then increased through 2021 and 2022, reaching a peak of about 3.8 per-
cent of potential in the third quarter of 2022, as border closures contributed to labour market
tightening and as excess demand remained elevated amid global supply chain impediments.
Without LSAPs, the simulation suggests that the output gap would have been significantly more
negative, reaching about -3 percent during the lockdown, and would have only recovered to
about -1.1 percent in the latter half of 2020 before becoming positive in the first quarter of
2021. During the subsequent inflationary period, the model suggests that not having the LSAP
programme in place would have led to a more stable output gap. In particular, the simulation
suggests that while the output gap would have still become positive, it would have been smaller
and would have reached a peak of 3.2 percent, 0.6 percentage points tighter than with the LSAP
programme. Despite this, the exercise shows that the difference in the output gaps with and
without LSAPs would have disappeared by late 2023.
Taken together, these results suggest that the LSAP programme supported the RBNZ’s inflation
and economic activity objectives through the COVID crisis period. They suggest that the pro-
gramme did not meaningfully result in inflation reaching a higher peak or the timing of this
peak due to the additional tightening provided by the LSAP roll-off. However, they do suggest
that the programme contributed to a higher output gap during the subsequent inflationary
episode.

Figure 6: Long-term interest rate and real exchange rate.

To delve deeper into the mechanism leading to the movements in inflation and activity, Figure
6 displays the 5-year New Zealand Government bond yield in the solid line, and the simulation
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implied long-term rate in the dashed line. We see that the actual 5-year yield fell from about 1
percent at the start of 2020 to a minimum of 0.2 percent at the start of 2021, reflecting in part
the impact of monetary policies by the RBNZ on the New Zealand yield curve. Yields then rise
from the first quarter of 2021 to a peak of 4.9 percent in the first quarter of 2024.
The simulation exercise suggests that not conducting asset purchases would have resulted in
longer term yields being about 1.4-2 percentage points higher than they were in reality. They
would not have begun to rise in a sustained way until the last quarter of 2021, well into the
inflationary period. However, they would have remained above the observed rates throughout
the simulation period.
The second panel of Figure 6 suggests that LSAPs and the associated impacts on long-term
interest rates transmitted to the wider New Zealand economy in part through a strong impact
on the exchange rate. In particular, the real exchange rate in reality depreciated from its 2019Q4
value by nearly 2 percent by 2020Q3, whereas without LSAPs the simulation suggests it would
have appreciated by about 17 percent. Moreover, these differences are persistent, with the
exchange rate without LSAPs only reaching comparable levels to those seen in the data at the
end of 2022.
The relatively low exchange rate in reality would have supported demand for New Zealand ex-
ports, supporting the economic activity described in the previous figure. However, it is worth
noting an important caveat, namely that the current exercise does not take into account policies
being implemented in the foreign economy. These could potentially dampen this channel and
mitigate the positive effects of asset purchases. Nonetheless, even if the foreign economy en-
gaged in policy actions which negated the exchange rate channel of LSAPs, the counterfactual
of not having done LSAPs would likely have resulted in worse outcomes during the crisis.
Finally, we consider the fiscal effects of LSAPs, and in particular, their impact on central bank
profits, government tax revenue, and consolidated debt. In the case of the former, profits or
losses without LSAPs are of course simply zero in the counterfactual simulation. More interest-
ing is the question of whether the model is able to match eventual losses by the RBNZ on its
LSAPs. Indeed, the simulated cumulative central bank losses in the model reach a maximum of
3.2 percent of GDP, as shown in Figure 8.9 Meanwhile, losses reported in Office of the Minister
of Finance (2023) amount to about 3.5 percent of 2019 GDP, 3.23 percent of 2021 GDP, and less
than 3 percent of GDP in subsequent years. This suggests that the model predictions are in line
with COVID-era losses on the RBNZ’s asset portfolio.
Offsetting these losses, as shown in Figure 7, is higher tax revenue in the actual data relative
to the simulation with no LSAPs. In reality, cumulative tax revenue has risen as a percentage of

9 While the endpoint of the central bank loss series is close to that observed in the data, the full time series ofcentral bank losses in the simulation likely differs from that in the data, not shown here.
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Figure 7: Cumulative tax revenue and government debt.

Figure 8: Simulated cumulative central bank losses as a percentage of GDP.

GDP throughout the period under consideration, beginning at 33 percent of GDP and reaching
43 percent of GDP at the end of the period. Meanwhile, the simulation suggests that decreased
consumption and labour income tax revenues would have resulted in a slight decline in rev-
enues through 2020Q3. While revenues would have increased thereafter, they would have only
reached 41 percent of GDP at the end of the period, remaining below those with central bank
asset purchases.
While the above differences in tax revenue may seem modest compared to the central bank
losses reported above, their cumulative impact is not. In particular, the second panel of Figure
7 shows actual gross government debt throughout the simulation period, as well as the coun-
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terfactual simulation without asset purchases. The plot suggests that LSAPs and associated tax
revenues resulted in lower government debt than in the counterfactual without LSAPs until the
end of 2022. Moreover, the results suggest that government debt by the end of the period un-
der consideration was not significantly impacted by the LSAP programme, despite the central
bank losses being remitted to the fiscal authority in the model. This provides some evidence
that the positive outcomes for inflation and economic activity during the acute part of the crisis,
resulting in higher tax revenues and consequently minimal, if any, net fiscal cost.

6.2Analternativepolicy instrument: AnegativeOCR insteadof LSAPs

We now consider what outcomes might have prevailed if the RBNZ had been able to set the
OCR to a negative value during the COVID crisis. As previously discussed, this was not an option
during this period, due to constraints in the private banking system. However, as noted in
Reserve Bank of New Zealand (2021), the RBNZ is satisfied with banks’ progress on becoming
operationally prepared for negative interest rates, and confident that the New Zealand banking
system could operate effectively if the OCR were lowered to or below zero. Hence, since the is
RBNZ being in a position to consider moderately negative policy rates10 in a future downturn
or crisis, examining this counterfactual may inform on the advantages or disadvantages of this
policy.
We proceed similarly to the previous section. Namely, we simulate the model economy while
setting the ELB on interest rates to -0.25 percent, and again while setting it to -0.75 percent.
The latter bound is around the limit of what is likely to be feasible.11 As in the previous section,
we remove the marginal impact of LSAPs from the data and add back the marginal impact of
negative rates to arrive at the counterfactual series.
Figure 9 shows the resulting tracks for the policy rate. We see that in all scenarios, the model
central bank’s monetary policy rule takes the rate to the ELB for an extended period. In each
of the negative interest rate scenarios, interest rates begin to rise a period earlier than they did
in reality, although they remain below the actual cash rate throughout the hiking period. As
shown below, this is despite higher inflation (and higher output in the case of rates dropping as
low as -0.75 percent), reflecting the central bank’s objective to smooth interest rates. As in the
case with no additional policies, the simulated policy rates remain elevated slightly above the
observed cash at the end of the simulations.

10 Negative rates are a potential option despite the existence of cash as an alternative savings vehicle due to thecosts of holding large amounts of cash, such as the need to store it securely.
11 Cúrdia (2019) notes that the ELB "...is not fully tested and may differ across countries". It further notes that, atthe time of publication, Switzerland’s reference rate for the one-month London interbank offered rate (LIBOR) hadbeen as low as as negative 0.75 percent. de Groot and Haas (2020) notes that, as of the time of publication, theDanish and Swiss central banks had set their policy rates at negative 0.75 percent, the European Central Bank andSwedish central bank had set negative 0.5 percent, and the Bank of Japan had set negative 0.1 percent.
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Figure 9: Official cash rate in different scenarios.

Figure 10: Inflation and the output gap in different scenarios.

Turning to the implications for inflation and output in Figure 10, we see that negative rates with
an ELB of -0.75 percent would have performed around as well as the LSAP programme through
the crisis period of COVID. Faced with a more moderate lower bound of -0.25 percent, however,
inflation and output would not have been supported as well, raising the potential scope for
a smaller asset purchase programme in this case. Following the crisis period, however, the
simulation suggests that inflationwith an ELB of -0.75 percent would have peaked at 7.3 percent
rather than 7.13 percent and would have remained elevated relative to what was observed
following this peak.
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Additionally, it is worth noting that while negative rates with a lower bound of -0.25 percent
provide worse outcomes with respect to inflation and output during the crisis than LSAPs or
more negative rates, they still do better than the no-additional policy scenario. Moreover, they
provide less of an overshoot of inflation than with the ELB of -0.75 percent, and do not allow as
large a widening of the output gap following the crisis. This suggests that there are nontrivial
considerations for policy makers about the pros and cons of using any given tool, and to what
extent, when pursuing their objectives.

Figure 11: Long-term interest rate and the real exchange rate.

Turning to the implications for long-term rates and the exchange rate, in Figure 11, unsurpris-
ingly this channel is much less potent for negative interest rates than it is for LSAPs, which di-
rectly push down on long-term yields by increasing the demand for long-term government debt.
While decreases in the short-term policy rate do pass through to long-term rates to a small ex-
tent, the long-term rate in the simulation stays much closer to the scenario with no additional
policy than it does to the actual outcomes with LSAPs. Likewise, while the usual exchange rate
channel of conventional monetary policy remains in effect for negative rates relative to the sit-
uation with no additional policy, the depreciation caused by negative rates is much less than
what was observed with LSAPs.12

This raises an additional question for policymakers when choosing between various tools. Com-
paring the impulse responses in section 4, we see that policy rate decreases, and by extension,
negative policy rates, stimulate a stronger consumption response by domestic agents com-
pared to LSAPs. To the extent that LSAPs support economic activity by lowering longer term
rates and generating a favourable exchange rate for exports from the domestic economy, the

12As noted in , Kolasa, Laséen, and Lindé (2025), the UIP condition holds for long-term rates in the model, butnot short-term ones.
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policy maker may have a choice of which tool is most appropriate to deploy given the situation
at hand.13

Figure 12: Cumulative tax revenue and government debt.

Finally, considering the implications for the consolidated fiscal position, we note that negative
rates, as with no additional policies, do not contain the potential for a loss by the central bank.
However, as shown in the first panel of Figure 12, the extent to which they support tax revenue
through increased economic activity is likely to depend on how low they go, and consequently
how much activity increases. In particular, we see that the simulation results predict lower tax
revenue with an ELB fixed at -0.25 percent, but higher revenue with one fixed at -0.75 percent.
However, evenwith themoremoderate lower bound, lower short-termborrowing costs and the
absence of central bank losses outweigh the lower tax revenue for the government. In particular,
as seen in the second panel of Figure 12, government debt ends up lower with negative rates
with either lower bound. For an ELB of 0.25 percent it is lower by about 1.7 percent of GDP, and
for an ELB of -0.75 percent it is lower by about 2.9 percent of GDP. This provides yet another
consideration for policy makers when selecting from among these various tools.

7 Conclusion

The policy response to the COVID-19 pandemic and related economic crisis involved a num-
ber of policies never previously deployed in the New Zealand context. In this paper, we have
considered the impact that some of these policies may have had, specifically the RBNZ’s LSAP

13 It is worth noting however that this model does not feature additional channels through which LSAPs couldimpact the economy, for example by lowering long-term lending rates available to households and firms throughthe financial sector.
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programme, forward guidance, and a policy rate constrained by the ELB of 0.25 percent. In
particular, we have examined what effect they may have had on inflation and economic activity
during the pandemic and the high inflation period that followed, as well as how they may have
impacted government debt consolidated across the entire public sector given the losses that
were realised on the RBNZ’s portfolio. We have also considered what the outcomes may have
been had the RBNZ been able to set the policy rate to a negative value, which was not a pos-
sibility during the COVID period due to the lack of operational readiness in the wider financial
sector.
We found that the current model suggests that LSAPs supported inflation and output during
the crisis period of COVID-19, while not contributing in a major way to the subsequent rise or
peak in inflation. However, the evidence also suggests that they may have contributed to a
higher output gap following the crisis, due to their continuing effect on long-term rates and
consequently the exchange rate. Finally, the model suggests that losses realised on the RBNZ’s
asset purchase programmemay have been essentially offset by the increased tax revenue they
generated and lower interest payments on government debt, resulting in no long-run difference
in consolidated government debt. This suggests that the positive effects of the policies during
the crisis period were realised with no additional fiscal costs.
Turning to negative policy rates, we found that if the ELB had been -0.75 percent during COVID,
then further policy rate decreases could have produced outcomes for inflation and output very
similar to LSAPs. We found that a more moderate ELB of -0.25 percent resulted in more mod-
erate support for the economy during the crisis, with less of a positive output gap following the
crisis. While we found that inflation may have peaked higher and persisted more under this
policy, the magnitude of this difference was found to be extremely mild. Additionally, while the
tax revenue may have been higher or lower with negative rates than with LSAPs, depending on
the ELB, the results suggest that government debt would have been lower by the end of the
simulations. This is in part due to the lack of central bank losses.
The results suggest a number of tradeoffs for policy-makers when choosing between various
policies and the extent to which to use them. The model evidence suggest that LSAPs stimu-
late the economy by lowering the long-term rate and hence the exchange rate, increasing the
competitiveness of domestic exports as well as their New Zealand dollar value. It also suggests
that negative rates play more of a role in stimulating domestic rather than export demand, and
that negative rates have positive fiscal implications relative to LSAPs. Hence policy makers may
select a different tool depending on themechanism through which they hope to affect the econ-
omy, as well as depending on the fiscal risk characteristics of the tools.
While this work is an important step towards understanding the impact of COVID-era addi-
tional monetary policies on the New Zealand economy, a number of additional questions re-
main. While we have looked at some of the policies deployed during this period, further work
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to better understand the impact of the RBNZ’s funding for lending programme or removal of
macroprudential policies would be welcome. Further understanding the impacts of the COVID-
19 Response and Recovery Fund to stabilising the economy would also help to clarify how fiscal
policy can contribute when the policy rate is at the ELB. Finally, the current analysis has focused
on a single demand-side driver of the economy, whereas there were likely multiple demand-
side factors during the crisis and supply-side elements are known to have been important later
in the crisis. Future work could explore the robustness of these results along this dimension.
Exploring these topics, and others, will help the RBNZ tomaintain readiness for potential future
crises and better understand the likely impacts of the policy tools that are available.
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Appendix A: Model

Here we describe the fundamentals of the model in more detail, focusing on the objective func-
tions and constraints that the agents. We refer to Erceg et al. (2024) for more information on
the finer details.

Households Recall that there are two groups of households, one group unrestricted in their
access to financial markets, the other being restricted to holding long-term bonds. In every pe-
riod t, households in the economy choose consumption ct, labour hours nt, and bond holdings
to maximise

E0

∞∑
t=0

βt exp
(
εdt

)
u(ct − κCt−1, nt), (1)

where we have suppressed notation indicating the type of the household for simplicity. In this
expression, u is the period utility which increases with higher consumption and decreases in
labour hours.14 The parameter κ ∈ [0, 1) adjusts the strength of habit formation in consump-
tion, where Ct−1 denotes aggregate (within household type) consumption in the previous pe-
riod. The parameter β contols the rate at which the household discounts future utility, and εdt

represents a shock to this discount rate. As noted previously, the expectations operator de-
notes beliefs formed under bounded rationality such that agents think the economy will return
to steady state more rapidly than it actually does in equilibrium.
In maximising the above expression, household expenditures in each period must not exceed
household income. Income consists of wages (taxed at a rate τn,t), profits from the ownership of
firms, interest received for holdings of long-term bonds (foreign and domestic), and lump sum
rebate of transaction costs for long-term bonds. If the household is of unrestricted type, then
they also receive interest on holdings of domestic short-term bonds. Expenditures consist of
consumption (subject to a tax at rate τc,t), lump sum taxes, and purchases of new bond holdings.
Purchases of long-term home and foreign bonds are subject to transaction costs at rates ξH and
ξF respectively.
More formally, the budget constraint of restricted households, with expenditures on the left
hand side and income on the right hand side, is

Pt(1 + τc,t)c
r
t + PL,tB

r
H,L,t + (1 + ζF,t)StP

∗
L,tB

r
F,L,t + T r

t

= PL,tRL,tB
r
H,L,t−1 + StP

∗
L,tR

∗
L,tB

r
F,L,t−1 +Wt(1− τn,t)n

r
t +Dr

t + Ξr
t , (2)

14 The exact functional form is u(ct − κCt−1, nt) = log(ct − κCt−1)− n
1+φ
t
1+φ

.
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where crt is consumption, Br
H,L,t and Bu

F,L,t are holdings of long-term home and foreign bonds
(respectively), T r

t are lump sum taxes, nr
t is hours worked, and Dr

t are nominal dividends from
firm profits. Moreover, Pt is the consumer price level, PL,t and P ∗

L,t are domestic and foreign
bond prices (respectively), RL,t and R∗

L,t are domestic and foreign bond yields to maturity (re-
spectively), andWt is the nominal wage rate. Additionally, τc,t is the consumption tax rate, τn,t
is the labour income tax rate, and St is the home nominal exchange rate. Finally, ζF,t are adjust-
ment costs on foreign long-term bond holdings, which are rebated back lump sum through Ξr

t .
Analogously, the constraint for unrestricted households is
Pt(1 + τc,t)c

u
t +Bu

H,t + (1 + ζH,t)PL,tB
u
H,L,t + (1 + ζF,t)StP

∗
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= Rt−1B
u
H,t−1 + PL,tRL,tB

u
H,L,t−1 + StP

∗
L,tR

∗
L,tB

u
F,L,t−1 +Wt(1− τn,t)n

u
t +Du

t + Ξu
t , (3)

where BH,t denotes domestic short-term bond holdings.
Firms There exist three types of firms in the economy. In typical New Keynesian tradition, at
the lowest level are monopolistic firms that produce differentiated goods to meet the demand
of the firms one level above them in the production chain. They take this demand schedule
as given, but use their market power to choose the price of their product to maximise their
profits. These profits consist of proceeds from sales at the selected price, less wages paid to
households, and are received by the firm owners as dividends. While these firms are able to
adjust their prices in response to economic conditions, they can only do so with probability θH
(or θF in the foreign economy), following Calvo (1983).
Middle layer firms combine low level goods using a bundling technology. Here, this technol-
ogy15 generates increasing price elasticity of demand for lowest-level inputs, so that relative
price cuts do less at the margin to boost demand, the larger they get. Likewise, relative price
increases cause demand to fall off more at the margin, the larger they are. Optimal firm be-
havior will tend to increase prices until (expected, future) marginal revenue offsets (expected,
future) marginal costs (e.g. wages) in the event that the latter increase, such as in a sharp re-
covery. Since price increases make demandmore elastic, they must rise more to align marginal
revenue and marginal costs in this case. Likewise, declining demand elasticity means they have
to adjust less in a sharp downturn.16 These non-linear properties of firm demand are impor-
tant to capture inflation dynamics during large shocks such as those during COVID-19 and the
subsequent recovery.

15 Specifically, the technology is akin to that used in Dotsey and King (2005) and Levin, Lopez-Salido, and Yun(2007). Given demand Y for the final good, it combines intermediates yi according to the condition ∫ 1

0
G
(
yi
Y

)
di = 1

whereG(x) = ϕ
1+ψ

[(1 +ψ)x−ψ]
1
ϕ − ϕ

1+ψ
+1. This class nests those of Dixit and Stiglitz (1977) for ψ = 0 and Smetsand Wouters (2007) for ψ < 0.

16 For the precise form of this technology, see Erceg et al. (2024). For a detailed explanation of the intuitionbehind how this choice affects firm decisions with flexible prices, see Harding, Lindé and Trabandt (2022, 2023).
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The highest layer of production consists of perfectly competitive aggregator firms that combine
domestic and imported goods to produce final goods that satiate private and public sector de-
mand.
Government The fiscal authorities in each economy may issue short- and long-term bonds,
collect lump sum taxes, and collect revenue from taxes on consumption and labour. They do so
in order to pay interest on previously issued bonds, as well as to finance the governments’ own
expenditures. These expenditures are exogenous, following an AR(1) process. Additionally, the
government receives any profits or losses from central bank asset purchases.
Long-termbonds aremodeled as in Woodford (2001), andpay an exponentially decaying coupon.
In particular, if the coupon rate is κ, then the bond holder receives the stream of payments
1, κ, κ2, ..., with one payment each period. The size of this coupon along with the price of a
bond PL,t then determines the long-term yield, RL,t.
We candefinenominal consolidated government debt as current short-termbonds outstanding,
plus the discounted sum of future coupons on long-term bonds. Note that this measure of
consolidated debt is based on its face value, and does not include the mark-to-market price of
the bonds. Formally, the government’s budget constraint in the small economy is given by

BH,t + PL,tBH,L,t + Tt +ΦCB
t = Rt−1BH,t−1 + PL,tRL,tBH,L,t−1 + Ptgt (4)

where BH,t and BH,L,t are respectively short- and long-term bonds issued by the government
at time t, Ttis a lump sum transfer, ΦCB

t are profits or losses made on the central bank bal-
ance sheet and transferred back to the government, and gtis the government’s own operating
expenses, exogenously given.

Central bank The central bank adjusts the policy rate according to amonetary policy rule,reacting
to deviations of inflation from target with a response coefficient γπ , responds to deviations of
output growthwithweight γy , and smooths interest rateswithweight γr. The prevailing nominal
rate Rt is constrained by an ELB R, so that

Rt = max
(
R̃t, R

)
. (5)

Here, the shadow rate R̃t is given by the central bank’s Taylor rule
R̃t

R
εdt =

(
R̃t−1

R
εdt−1

)γr [(
πt
πt−1

)γπ ( yt
yt−1

)γy]1−γr

εrt , (6)

where πt denotes the rate of consumer price inflation, yt denotes output,R denotes the steady-
state nominal rate, and εrt is a monetary policy shock.
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The central bank can also purchase long-termbonds on the secondarymarket via an exogenous
shock εCB

t , financed by issuing short-term reserves to unrestricted domestic agents that pay
the short-term rate. Defining the market value of central bank holdings of government bonds
at time t as QEt = PL,tB

CB
L,t , then we assume that this market value evolves according to the

rule
QEt =

(
1 + (1− ϱ)

(
κ

PL,t

PL,t−1
− 1

))
QEt−1 + εCB

t , (7)

where 0 < ϱ < 1 is a parameter which reflects the central bank’s reinvestment strategy.17 In
other words, absent bond price fluctuations or additional purchases by the central bank, the
holdings mean revert to zero at a rate 1 − (1 − ϱ)(1 − κ). This mean reversion happens more
quickly if bond prices are rising, and more slowly if they are falling. Central bank profits on its
asset portfolio are given by

PL,tRL,tB
CB
L,t−1 −Rt−1B

CB
t−1, (8)

where BCB
t−1 denotes the quantity of reserves issued to finance bond purchases.

Market clearing In equilibrium, the sumof consumptionby restricted andunrestricted agents
along with government expenditures must equal output produced by the final goods firm. The
demand for labour from the intermediate goods firmsmust bematched by the supply of labour
from the households.
Bond markets in the economy must also clear. This requires that short-term bonds issued by
the domestic government and reserves issued by the domestic central bank must total those
held by domestic unrestricted households. Meanwhile, long-termbonds issued by the domestic
government must total those held by all households, foreign and domestic, in addition to those
held by the domestic central bank.
This means that purchases of long-term bonds by the central bank will increase overall demand
in the market for these assets. If supply does not adjust, this means that fewer such bonds are
available to the private sector, and prices must rise in order to clear the market. Since the bond
yield at any given time is the interest rate at which we discount all future coupon payments in
order to arrive at the current price, a higher price implies weaker discounting, or in other words
a lower yield.

17 Absent any reinvestment strategy, the central bank’s asset portfolio will adjust in value due to mechanicalmaturation (coupon payments) and fluctuations in bond prices. To maintain a constant portfolio value, the centralbank would need to adopt a strategy which completely offsets these adjustments, e.g. ϱ = 1. More generally, therule here assumes that the central bank offsets a fraction ϱ of these adjustments by purchasing current periodbonds. See Appendix E in Erceg et al. (2024) for further details.
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Appendix B: Calibration strategy

We calibrate themodel to achieve a number of objectives. Some parameters are set as in Erceg
et al. (2024) or Kolasa, Laséen, and Lindé (2025) to represent general features of small and large
open economies. Some are set to match certain features of the New Zealand economy in 2019,
specifically. Others are calibrated based on estimates for New Zealand in the literature, namely
calibrated and estimated values in Kamber et al. (2015). Finally, some parameters are chosen
tomatch literature on the response of the economy to various policies. The resulting parameter
values specific to New Zealand are shown in Table 1.
First, the size of the small economyω in themodel is set to 0.009 to approximatelymatch the size
of the New Zealand economy ( StatsNZ, 2020 and Reserve Bank of New Zealand, 2025) relative
to that of the United States ( U.S. Bureau of Economic Analysis, 2025) in 2019. The duration
of the long-term bond in the model, ωL, is set to 25.4 quarters, to approximately match that
of outstanding New Zealand government bonds such as that reported in New Zealand Debt
Management (2019). Likewise, the bond share bgss held by domestic agents in the steady state
is set to 0.528, the value reported in New Zealand Debt Management (2019). The steady-state
debt to quarterly GDP ratio Bg is set to 1.088, based on the 2019 gross debt level reported in
The Treasury (2024). Steady-state government consumption as a percentage of GDPG is set to
be 0.1887, as reported by World Bank Group (2025) for New Zealand in 2019, and the steady-
state labour income tax rate τn is set to 0.184, the 2019 average for New Zealand reported in
OECD (2020).
Turning to parameters which are selected to match estimates in Kamber et al. (2015), the
reciprocal φ of the household’s Frisch elasticity of labour supply is set to 1.16. Likewise, the
central bank’s Taylor coefficient γπ and weight on the output gap γy are set to 1.97 and 0.2
respectively.
Additionally, several parameters are set close to those estimated in Kamber et al. (2015), but
modified to better match impulse responses to policy shocks. For example, the home bias for
private consumption goods θc is set to 0.7, a value which is not too dissimilar from the value
of 0.56 implied by Kamber et al. (2015)18 but which also allows us to more closely match the
response of output to a monetary policy shock in that paper. Likewise, the parameter govern-
ing habit formation κ is set to 0.6, once again close to the value of 0.5 in Kamber et al. (2015)
obtained by Bayesian estimation, but adjusted tomatch the response of consumption to amon-

18 Specifically, Kamber et al. (2015) chooses the share of tradable goods in the consumption basket to match theshare of tradable goods in the CPI, which was 0.44.
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Parameter Interpretation Value Target

ω Size of small economy 0.009 NZ GDP/US GDP
ηc Home bias in private consumption 0.7 Trad. share in GDP 0.4, GDP response
ηg Home bias in public consumption 0.75 Lower fiscal multiplier
θH Calvo probabilityof price change 0.6 Match CPI inflation response
φ Inverse of labour supply elasticity 1.16 Kamber et al. (2015)
κ Strength of habit-formation 0.6 Kamber et al. (2015) value 0.5,Match consumption responseDur Duration 25.4 New Zealand Debt Management (2019)
ωL Share of long-term bonds 0.9751 Nominal value (≥1 year)
BH/B

∗
H Bond share held by home 0.528 New Zealand Debt Management (2019)

γr OCR inertia 0.9 0.84 in Kamber et al. (2015),Match several responses
γπ OCR response to inflation 1.97 Kamber et al. (2015)
γy OCR response to output growth 0.2 Kamber et al. (2015)
Bg Debt/QGDP 1.088 The Treasury (2024)
G Per capita govt. exp. 0.1887 World Bank Group (2025)
τ c Steady-state consumption tax 0.15 GST rate
τn Steady-state labour income tax 0.184 OECD (2020)
ρg Persistence of govt spending process 0.88 Kamber et al. (2015)
ξH Long-term bond adj. cost 0.025 QE IRF
µ∗ Price elasticity of export demand -5 Exports IRF

Table 1: Calibration.
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etary shock. Lastly, the interest rate smoothing parameter γr is set to 0.9, slightly higher that
the estimated value of 0.84 in Kamber et al. (2015).19

Parameters chosen solely to better match the responses to policy shocks include the Calvo
probability θH of a monopolistic firm in the small country being able to adjust its price in a
given period. This is set to 0.6 to better match the inflation response. Similarly, the home
bias for government consumption ηg is set to 0.75 to limit the size of the output response to a
government expenditures shock in line with the literature on fiscal multipliers in New Zealand,
described in detail below. Finally, the cost of adjusting one’s long-term bond portfolio in each
economy ξi, i = H,F is set to 0.025 in order to limit the output response to exogenous asset
purchase shocks by the central bank, following the approach of Kolasa et al. (2025).

Appendix C: Dynamics triggered by policy shocks to the
OCR and government consumption

Our calibration of the model partially depends on how well the parameterisation can help the
model match prior econometric evidence for New Zealand. In particular, we examine how well
the model dynamics triggered by conventional monetary policy shocks and government con-
sumption expenditure shocks. For this reason, it is useful to examine the impulse response
functions associated with these policy shocks.
In Figure—, we first consider the response of the domestic economy to amonetary policy shock
(in Equation 6) which reduces the OCR by 1 percentage point. The shock impacts the economy
through its effects on private sector savings, the exchange rate, and household expectations. In
particular, the lower policy rate motivates unrestricted households to save less and consume
more in the near term, increasing demand for output and putting upward pressure on prices.
The decline in short-term rates transmits to the long-term rate, reinforcing this mechanism for
unrestricted households as well as transmitting through to restricted households. Moreover, to
prevent the potential for arbitrage between higher interest yielding foreign bonds and domes-
tic assets the exchange rate must depreciate, increasing foreign demand for domestic goods.
Finally, households expect these conditions to persist for some time after the initial shock, so
that it takes some time for the economy to return to its long run equilibrium.
Table 2 compares the peak of the responses of our model to a monetary policy shock to that of
the Reserve Bank’s central forecasting model, NZSIM, as reported in Kamber et al. (2015). We
find that several of the responses match quite closely. In particular, the responses of inflation,

19For a detailed comparison of the response of the model to the RBNZ’s central forecasting model, see AppendixB.
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Figure 13: Impulse responses to a monetary policy shock.

wages, and exports are nearly identical between the two models. While the response of output
and imports are larger in NZSIM, they are nonetheless of comparable magnitude, in particular
relative to the other responses reported in the table. The consumption response of unrestricted
agents in the present model is slightly smaller than the aggregate response in NZSIM, while that
of restricted agents is larger by about the same amount. The main deviation between the two
models shows up in the response of the real exchange rate, which is smaller in NZSIM than
in the current model. This is likely the result of a risk premium which is applied to foreign
bond holdings in NZSIM in order to capture deviations from uncovered interest rate parity and
dampen the exchange rate response to shocks.

Parameter NZSIM This Model

Inflation 0.3 0.31Output 0.75 0.55Consumption 1.0 0.85 (unrestr.), 1.1 (restr.)Exports 0.15 0.12Imports 0.8 0.68Wages 0.25 0.24Real Exchange Rate -1.25 -1.75

Table 2: Peak responses to a monetary policy shock.
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Figure 7 shows the response of the economy to a fiscal policy shockwhich increases government
consumption (in Equation —). In particular, this shock increases the fiscal authority’s demand
for goods in manner which does not increase household welfare or production in the economy
and enters as increased expenditure for the government. This significantly increases demand
for domestic and imported goods, while the central bank policy rate reacts endogenously to this
impulse by increasing the policy rate, limiting the impact on inflation. Meanwhile the exchange
rate appreciates to offset the interest rate differential due to higher policy and long-term rates
in the domestic economy. The increase in domestic demand and higher exchange rate results in
fewer domestic goods being exported to the foreign economy. Moreover, government expendi-
tures somewhat crowd out the consumption of restricted households in the domestic economy
while having a minimal impact on that of unrestricted households.

Figure 14: Impulse responses to a government expenditures shock.

Recall that the home bias for public consumption in the model was chosen to match the fiscal
multiplier for government expenditures. This multiplier can be roughly computed by dividing
the peak impact of the expenditures shock on output by the size of the shock itself, which in
Figure 7 is about 0.25 percent of annual steady-state GDP. The output response shown in Figure
is stated as a percentage of quarterly steady-state output, so that the fiscal multiplier is approx-
imately 0.7/4 × 0.25 or 0.7. Comparing this to the literature for New Zealand as surveyed in
Hamer-Adams and Wong (2018), we see that the multiplier in the model is at the upper end of
the range of 0.3-0.8 of the estimates for government consumption.
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Appendix D: COVID-19 shock calibration

Recall that we denote the shock to the household discount factor by εd,t in Equation 1. Ad-
ditionally, let it,s denote the RBNZ forecast of the policy rate s periods ahead, in the quarter
corresponding to period t, so that 0 ≤ s ≤ S where S is the forecast horizon. Moreover, let
ϵC,t,s denote LSAP shocks calibrated to what was announced for s periods ahead, 0 ≤ s ≤ S,
at or before time t. Finally, let It,s denote a model implied policy rate track given shocks up to
time t. In detail, the shock selection procedure is as follows:

1. Begin with the economy in the steady state at t = −2.
2. Find a value of εd,−2 which puts the policy rate at 1 percent at t = −1, the level of the New

Zealand official cash rate in 2019Q4.20
3. Find a value of εd,−1 which puts the OCR at the ELB for one year (beginning the following

period).
4. For t = 0, ..., 7, starting at the state of the economy following previous shocks, and given

the shocks ϵC,t,s, 0 ≤ s ≤ S, find a value of εd,t such that the duration of the ELB in the
model matches that in the RBNZ’s forecast policy rate for the corresponding quarter.

5. For t = 8, ..., 12, starting at the state of the economy following previous shocks, find a
value of εd,t that minimises

∑
s>t:it,s+1>it,s

(Is,t − is,t)
2 (9)

6. For t = 13, ..., 20, starting at the state of the economy following previous shocks, find a
value of εd,t that minimises

∑
s≥t

(Is,t − is,t)
2 (10)

At the conclusion of this procedure, we are left with values for εd,t for t = −2, ..., 20, which we
will use in the counterfactual experiments described in the next section.

Appendix E: Scenario data

20 The model economy’s response to a shock does not happen until the period following the shock itself.
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Variable Data Units

Policy Rate Official Cash Rate (OCR) PercentLarge Scale Asset Purchases Securities - LSAP Programme Percent of GDPCPI Inflation Consumer Price Inflation PercentOutput Output Gap PercentLong-term Rate 5 Year New Zealand Government Bond Rate PercentReal Exchange Rate New Zealand Dollar Trade Weighted Index 100×logTax Revenue Sum of indirect taxation, corporate tax,and household tax Percent of GDP
Government Debt Gross sovereign issued debt(ex RB settlement cash and RB bank bills) Percent of GDP

Table 3: Data used in scenarios.

38 Impacts of QE in New Zealand – AN2025/XX


