The Forecasting and Policy System: an introduction

Economics Department

This article briefly describes the Bank's new Forecasting and Policy System (FPS) models.

Executive summary

The Forecasting and Policy System (FPS) comprises a system of models which is used to prepare economic
projections and to analyse a wide range of policy issues relating to monetary policy. The system comprises
three elements: a small, high-level, core model of the New Zealand economy; satellite models which deal in
greater detail with various components of the economy; and indicator models which use statistical techniques
and a range of current economic indicators to assist in making short-term projections (covering the next one or
two quarters).

Work is still in progress on the satellite and indicator models, but the core model is operational. Itis being used
in preparing economic projections, beginning with those reported in the Bank’s Junkld®&ary Policy
Statement

The core model is a simplified representation of the key features of the New Zealand economy. It describes
how people balance consumption and saving decisions; how businesses decide how much output to produce
and how much capital to accumulate and labour to employ; and how the New Zealand economy borrows and
trades in international markets. The Government and the Reserve Bank are important parts of this description.
Government decisions about expenditure levels and how much debt to raise and repay affect how much tax
revenue must be raised. Monetary policy operates to achieve an inflation target by altering monetary condi-
tions.

1 Introduction Well-designed models offer advantages because of the
discipline that they bring to economic analysis. When ex-
Amining policy issues, this discipline comes from account-

macroeconomic modelling framework, labelledfoge- N9 and behavioural constraints on agents and the distinc-

casting and Policy SystefRPS). The name summarisedion between the short run an_d the long run. Less_ com-
our expectations of the new system: that it will provide R&t€ analytical tools often fail to enforce these critical
rigorous analytical approach to both the quarterly proje€onstraints. For example, they may imply an implausible
tions and the investigation of specific policy issues. EQUIPUL response to an increase in government expendi-
perience at the Bank and at other institutions had demdjit® Pecause importantissues such as the sustainability of
strated that satisfying these twin objectives is not an ea@? fls_cal balance or the |n|t|a_l stresses on the productive
task for a single macroeconomic model. ConsequentfAPacity of the economy are ignored.
considerable attention has been paid to the design of a ) i
system to accomplish both objectives. This note providgl9Wever, no model is going to capture all the forces at
brief introduction to this system: a more thorough accoufC'K in the economy. A model is by definition an ab-
is found in the FPResearch Papér straction, and can only incorporate thg mo_st |mporte_mt link-
ages. Moreover, the fact that we live in a continually
changing world might seem to mitigate against the use-
1 The Forecasting and Policy System was built by a team coftlness of a model. In fact, models prove their worth by
prising Vincenzo Cassino, Aaron Drew, Eric Hanserfacilitating the analysis of this aspect of the world. A
Benjamin Hunt and Alasdair Scott (all Reserve Bank of Newell-designed model allows the user to examine alterna-

Zealand), and Richard Black and David Rose (QED SQive scenarios so that assumptions can be tested and risks
LUTIONS, Ottawa, Canada). Acknowledgement is also dugssessed.
to the Bank of Canada where a similar modelling frame-
work was initially deve;lop(had, andﬁ\./}/]th. which Richard Blackrhe pasic requirements of projections and policy analysis

5 gnd E;mimg Hunt aéo avs am |at|o|_r|1$.t R ds Ieg us to the concept of tRerecasting and Policy System
(1e9e97)a(‘:‘T,heallerr;%astriig, anijnie:ﬁcyugysteor:? t?:a CO(;% described in section 2. In section 3 some key design
model”, Reserve Bank of New ZealaRésearch Paper features of the core model are summarised. Section 4

No.43, Wellington. provides a non-technical guide to the economic logic of

Late in 1995 work began in the Reserve Bank on a n
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the core model. Section 5 concludes with a discussionmbdels. One of the main benefits of the core model is the
how the model will affect the presentation of economiclarity which it brings to the projection, by focusing on
projections. the “big picture”. Using indicator and satellite models to
supplement the core model’s analysis means that the level
of detail required for making projections can be satisfied
2 The FPS concept without sacrificing the speed and efficiency of model
simulations. Indicator models allow sector analysts to

Policy experiments and projections place quite differefgVelop their view of the starting points, while the de-
demands on macroeconomic models. Models that d@ded results from satellite models enable them to review
detailed enough to relate as closely to the data as is & impact of their assumptions on the whole projection.
quired for making short-term projections are usually néf this way the projection environment allows for differ-
tractable and adaptable enough to be practically usefilt Views to be tested.

for higher level policy analysis. As a solution, one model

could be used for projections and another for policy anafyhe Forecasting and Policy System is represented in fig-
sis. However, there are two basic problems with such #f¢ 1, opposite.

approach. First, the same long-run theoretical considera-

tions that are essential for policy analysis are also critical

for ensuring that short-run projections are consistentwigh ~ Key features of the core model

a plausible medium-term view. Secondly, in order to ana-

lyse and rank_alternative policy choicgs, it i_s important tfhe core model differs significantly from previous Re-
capture the different short-run dynamic adjustment progarye Bank models. These departures are based on les-
esses that alternative policies involve. The solution chgsns from modelling projects at the Bank and interna-
sen by the Bank has been to develsysiendf models, tionally. The key features described in this section are
comprising a single core macroeconomic model, satelli@neric to modern macroeconomic models, though spe-

models that deal in greater detail with specific compgjfic implementations do differ across models.
nents of the economy, and indicator models that are time-

series based and designed to capture the high frequency
information in the data. 3.1 Awell-defined steady state

] ) ) An understanding of the economy’s short-term evolution

2.1 Using a model for policy analysis requires an understanding of where the economy is head-
_ o _ ing in the long run. To achieve this, the core model em-

For policy analysis it can be more important for the modghgies a well-defined steady state. This means that in the
to capture our understanding of how the economy worlgq ryn, all the variables in the model settle to long-run
than it is to provide a view of the current state of theyyilibrium levels. These levels are mutually consistent

economy. The model should also solve quickly, so thatithey |l ‘add up’, agents’ objectives are achieved, and
can be used in simulation experiments that approximagjgequilibria have been resolved.

uncertainty (iestochastic simulationsvhere the model
is subjected to a large number of random shocks). For

these reasons, policy questions are best tackled using 03112! Stock-flow accounting and budget
the core model. constraints

In the core model, expenditure flows adjust to achieve
long-run desired asset stocks. For example, profit-max-

imising firms aim for a desired level of capital stock. In

Hypothetical scenarios used in policy analysis usuallys sieady state, this requires a constant flow of invest-

assume that the economy begins in equilibrium. For mgkeny 16 replace depreciation. If firms want to build up a

ing quarterly projections, however, the starting point magjgner equilibrium level of capital stock, they have to raise

ters considerably. Because of this, it is important to iBvestment for a periodbovethe new long-run equilib-
corporate substantial information about the short run. Tr}iam flow.

involves making judgements about the current state of

the economy, the nature of the disequilibria, and how p&f5gether with budget constraints, the stock-flow account-
sistent the disequilibria are expected to be. ing has important implications for the sustainability of

agents’ actions: there are no ‘free lunches’, where an agent

The FPS ‘projection environment’ consists of the wholg,, chogse expenditure today without regard to the im-
system; the core model, satellite models, and indicator

2.2 Using a model for quarterly projections
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Figure 1:
The Forecasting and Policy System
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plications for expenditure tomorrow. Thus householdd, The economic structure of the core
firms, and the government cannot spend without regard model

to their debt burden. Equally, the monetary authority can-
not stimulate consumption above the equilibrium rate iQf
definitely, since this would imply an erosion of house-"
holds’ wealth, which they would not ignore forever.

1 Agents and the real economy

The core model describes the behaviour and interactions
of households, firms, a fiscal authority, a monetary au-

3.3 Expectations thority, and an external sector.

The core model contains explicit representations of eét'—l'1 Households, wealth, and consumption

pectations that agents hold about the future. These jn- : . :
clude expectations of future wealth, labour income rg|_ouseholds are modelled using a convenient theoretical
turn on capital, the exchange rate, and inflation. O_'e"'ce known as overlapplpg generations. Congumers

live an uncertain length of time and must plan their con-

Models where expectations adjust instantaneously teElt’J:npt'ont:n(LsaYm?S accordlnglt)'/. Intdglng S?[ht?ﬁ y mus(;
to be uninteresting from a monetary policy perspectiv gan(;e. € desire tf” clonSllijptloq ol'fay _‘I'_Vr'] € nee
since the monetary authority would have no role. Privalg Sustain consumption levels later in life. They accom-

agents, knowing the ‘right’ solution and what the authoP—,'Sh this goal by accumulating financial assets that pro-

ity would do, simply adjust their behaviour immediately\.'Ide income over and above their labour income.

For this reason, inflation expectations in the core model

are characterised as partially backward- and partially fo :1.2 Firms, capital, and investment

ward-looking. As a result, there is no free ride for th

monetary authority stemming from announcement effec[?s'.rmS aim to maximise profits by hiring labour services

Instead, following a disturbance to the economy, the mofﬁr-]d buying capital to produce output. Labour supply is

etary authority has to act to re-anchor inflation expectgz(oge_nous in the long run. Firms aim for a deswgd level
tions. of capital stock based on the return to capital and its cost.

This desired level of capital stock in turn determines ex-
penditures on investment. Thus, when there is a perma-
nent change affecting the return to capital or its cost, de-
sired capital stock will change and with it investment

. flows.
A policy model should express clear roles for monetary

and fiscal policy and identify how they affect prlV"jltﬁi—|owever, itis costly to change investment plans, so firms

agents. In the core model, the behaviour of the monet%rgnot reach their desired stock levels immediately. Firms

and fiscal authorities is characterised by reaction fung; " o ) ) .
. . . : . also face ‘time-to-build’ constraints, which mean that it
tions. These functions are particularly appropriate in the . . .

A . takes time for any added investment to contribute to pro-
context of the institutional framework provided by the

1989Reserve Bank Aand the 199Fiscal Responsibil- ductive capacity. In the long run, these costs and con-

; . A atraints are overcome and the desired level of capital is
ity Act Moreover, endogenous policy functions are stang-, _.

) attained. Investment converges at the level necessary to
ard features of all modern macroeconomic models. Thesr%vide for depreciation and for eauilibrium arowth in
functions reflect the fact that the monetary and fiscal aﬁ}- P q g

thorities do not set policy independently of the rest of thee stock of capital.
economy. To anchor inflation near the rmdqlle of_ the tar-lll3 Fiscal authority, government debt, and
get range, the stance of monetary policy is adjusted In spending

light of projected economic conditions.

3.4 Endogenous monetary and fiscal policy

The public sector (“the government”) is represented by
one single entity, which consolidates all levels of govern-
ment. The government buys output and pays for it by
raising taxes and/or selling debt. It aims at long-run tar-
. R . gets for transfer payments, government spending, and
tion Process, which mcludes_ factors su_ch as depreciatl vernment debt. Given revenue from direct capital taxes
taxes, finance costs, _the price of caplta_l goods,_r?md_ d indirect taxes on expenditures (including tariffs), the
pected returns to capital. This supply-side Spec'f'c""t'(?Q,action function specifies that labour income taxes ad-

a::ows for the V'?V\III Fha;[] mflg_tll_on 'S not =USt a ddemﬁ‘gngt to satisfy the fiscal budget constraint and ensure the
phenomenaon - afa Int € anl Ity to supply goods wi chievement of the fiscal targets.
just as inflationary as a rise in demand.

3.5 A well-articulated supply side

The core model incorporates a description of the prod
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4.1.4 The external sector 4.2 The monetary authority and the

_ _ nominal economy
All claims on firms’ assets and government debt must be

held either by domestic households or foreigners. Thghereas the objectives of the other agents anchor the real
external sector is assumed to be a passive holder of thenomy, the role for the monetary authority is to anchor
claims not held by households. Thus, the level of foreige nominal economy. To implement this, a reaction func-
assets is a residual determined jointly by the decisionsipf, is specified where the monetary authority targets an
households, firms and the government. In the case of Ngn 4 inflation rate of 1.5 per cent, the mid-point of New

Zealand, households choose to hold only part of the capkg|and's inflation target range. A particularly important

tal stock and government bonds, so that New Zealapdyre of our specification is that the monetary authority

maintains a net debt with the external sector. The servigganyard-looking. The monetary authority is concerned
cost of this debt determines the trade balance that migsh, projecteddeviations of inflation from the mid-point
hold in long-run equilibrium. In turn, the equilibrium reabf the target range. Although the general nature of this
ex_change rate ensures that exports and imports achigye, iation is consistent with how monetary policy op-
this long-run balance. erates in New Zealand, the precise specification of the

. _ _ . reaction function isiot an official Reserve Bank ‘rule’
Equilibrium in the real economy is therefore describeg, setting desired monetary conditions.
by agents’ objectives and the decisions they make. This

can be expressed in terms of stocks and flows, as por-
trayed in figure 2:

Figure 2
Objectives (stocks) and decisions (flows)
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Figure 3
The monetary policy process in FPS
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This framework is fundamentally different to more tradiinflation dynamics are overlaid on top of relative prices.
tional methods which ask ‘What happens to the econorijte complete structure characterises inflationary pressures
if monetary conditions are set this way?’ In the core moda$ potentially arising from many different sources, with
this question is inverted to become ‘What are the mothe implication that no single monetary response will al-
etary conditiongequired through time to achieve andways be appropriate. All agents - households, firms, the
maintain the target?’ Figure 3 is a graphical represengevernment and foreigners - can create inflationary pres-
tion of how this question is answered using the core modslires. There are four main sources of inflation in the core
The behaviour of the monetary authority depends on haaodel:
far ahead it projects inflation and how strongly it responds The output gap. If demand for goods and services
to projected deviations of inflation from the target. exceeds the economy’s productive capacity, inflation

will accelerate. Since it is the outapthat matters

for inflation, the monetary authority will react to sup-
4.2.1 Prices and inflation ply shocks as well as demand shocks.

» Cost pressures Changes to the costs of production

The model contains a structure of relative prices that dis- inputs can accelerate inflation, even if there is no out-
tinguishes products according to their origins and their putgap. These costs include wages and indirect taxes.
end uses. Goods produced domestically can be usedseiForeign prices and the exchange rateSince traded
ther at home or exported. Exported products are deter-goods prices are set in world markets, there are sig-
mined by the world price and the exchange rate. Prod- nificant direct effects from import prices, export prices
ucts sold at home bear prices determined by domesticand fluctuations in the exchange rate.
market conditions, but domestic products must compete Inflation expectations. Finally, forward-looking
with imports for domestic sales. In the core model, three agents’ expectations of inflation are an important part
types of domestic use are accounted for explicitly; con- of the inflation process.
sumption, investment, and government purchases. Each
of these has a relative price, which reflects the particulatthough all four pressures enter the inflation process di-
goods and services used in that sector, import penetratiently, there are important links between them. The struc-
in the sector, and the structure of indirect taxes. ture of the model emphasises that different shocks flow

et
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through to inflation in different ways, and so present diforward-looking and know that government faces a bind-

ferent problems to the monetary authority. ing budget constraint, households know that there is a
chance that they may not be around to have to pay the

4.3 The effects of monetary and fiscal policy  increased taxes. This phenomenon is referred to as ‘over-
discounting’. Secondly, the structure of indirect taxes

An important characteristic of the core model is the rolguch as tariffs) has important effects on relative prices

of the monetary and fiscal authorities. Given our smdhat will alter the levels of consumption.

open economy assumptions, the external sector is unaf-

fected by the actions of domestic agents. However, thdree government affects expected returns on capital by

are important interactions among households, firms, aitdluencing aggregate demand. Direct taxes also play an

the fiscal and monetary authorities. important role in determining the return on capital, while
indirect taxes affect the relative price of investment goods,
4.3.1 How the government interacts with which changes the cost of capital.

private agents
4.3.2 How the monetary authority interacts with
Government spending enters aggregate demand directly.  private agents
It also affects private consumption and investment, via
its effects on households and firms. Whereas the government can create permanent effects,
the monetary authority has no ability to affect the real
The government affects households through changeseigonomy in the long run. The monetary authority cannot
direct and indirect taxes. First, the expected path of [&uy’ more output permanently. In the long run, output is
bour income taxes will alter expected future disposabtietermined purely by the growth of the capital stock, the
income and thus consumption. The government is ndabour force, and productivity. Hence there is no exploit-
neutral in FPS (ie Ricardian equivalence does not holdple trade-off, for example, between inflation and employ-
A temporary decrease in taxes will stimulate aggregatent.
demand, even though this fall in tax revenue implies an
increase in future taxes. This result arises because hodBghe short run, of course, the monetary authority does
holds do not expect to live forever. Even though they ah@ve a large impact. A simplified representation of the
process is provided in figure 4:

Figure 4
Monetary transmission in the core model
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The monetary authority succeeds in influencing the reé#@n path was conditional on the assumed path for nomi-

economy by being able to move nominal short-term ifal monetary conditions. If the inflation projection was

terest rates. This results in changes to the intertempdFglonsistent with maintaining price stability over the me-

prices of consumption and investment that alter the lev@um term, it was evident that monetary conditions would

of demand. Further, because prices are sticky, nomitig@ed to adjust. As seen in the June 1¥@8iietary Policy

interest rate movements result in real interest rate movgatementthe evolution of monetary conditions is now

ments to which the real exchange rate responds. The ®aglogenous. The Bank’s projections now specify a path

exchange rate influences the net export position. Bd@r nominal interest rates and the nominal exchange rate

exchange rate and interest rate changes affect houselid# is consistent with the Bank’s inflation target. In one

wealth, which has consequent effects on consumptié@nse, this is a matter of presentation: changes in infla-

demand. Furthermore, movements in interest rates chatig@ pressures will be reflected to a much greater extent

the service cost of government debt, which leads to iif- the projected path of monetary conditions rather than

come tax effects that alter consumption demand. in the course of inflation itself. The benefit is that it makes
the implications for future monetary conditions more

Inflation responds to the output gap, both directly ariiansparent.

through the indirect effect on wages. Further, changes in

the exchange rate have direct (and quantitatively veMost of the new system’s advantages, however, will not

important) effects on import prices. be directly obvious. One key advantage is the ability to
test assumptions more easily than was possible before.

Inflation expectations depend on past price increases &N when assumptions are analysed rigorously, a given

future inflation outcomes. It might be argued that inflaProjection is clearly not the only possible outcome. The

tion expectations depend on the anti-inflation reputatig@bility to generate alternative scenarios will be valuable

that the central bank builds up over time. However, fier assessing desired monetary conditions. More gener-

the core model the monetary authority does not haveally, the model opens up new techniques for the analysis

‘stock’ of credibility that prevents expectations rising iPf risk and uncertainty.

actual inflation rises. Instead, policy actions are required

to anchor inflation expectations at the target. Finally, we emphasise that projections ultimately depend
on the judgements of those producing them. FPS does

In the core model, the inflation process is asymmetrigot change that. In essence, models do not produce pro-

This means that inflation rises relatively easily, but is difections, people do. The new system provides us with a

ficult to reduce. As a consequence, more output is Iggtperior tool, and should assist in ensuring greater inter-

reducing inflation than is gained by allowing it to risenal consistency in our projections.

This implies that the monetary authority should try to re-

act as soon as possible, preventing the build-up of infla-

tionary pressures. However, the monetary authority has

to respect the lags in the transmission mechanism, and

should not try to target inflation over which it has no con-

trol. A policy horizon that is too short will cause unnec-

essary volatility in the economy.

This completes the description of the economic structure

of the core model. To illustrate the theory and some of

the model’s features, the box describes the outcome of a
government debt shock.

5 How FPS will affect economic
projections

The most obvious change to the Bank’s economic projec-
tions arising from the new system comes from the switch
to endogenous monetary conditions. Prior to June 1997,
the Bank’s projections assumed fixed paths for nominal
interest rates and the nominal exchange rate throughout
the projection period. In other words, the projected infla-
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Example: What if the government reduces its debt target?

In this experiment, the government reduces its debt-to-output target by 10 percentage points. The responses 0
key macroeconomic variables are shown in figure 5 as ‘shock-minus-control’ differences. This simulatjon ex-
periment is useful for illustrating several key properties and features of the core model. It illustrates the dynamic
adjustment required to achieve a new long-run equilibrium, the response of the supply side, the stock-flpw rela-
tionships, the non-neutrality of fiscal policy due to over-discounting, and the central role of the real exchange rate
in an open economy. In particular, it draws attention to the interaction of monetary and fiscal policy. Tolunder-
stand the simulation more easily, it is useful to consider first the long-run implications and then trace thrgugh the
short-run dynamic adjustment to that new long-run equilibrium.

The long run

In the long run, lower government debt implies lower government debt servicing costs and therefore lowey labour
income taxes. The decline in government debt also means that there are fewer domestic assets available fo
households’ financial wealth portfolios (over-discounting of future tax liabilities means that households$ view
government debt as net wealth). Since households’ wealth was initially in equilibrium, they must replace the
government debt in their wealth portfolios. With no change in capital stock, this implies that they must puirchase
assets from the external sector.

All else being equal, the new equilibrium net foreign asset-to-output ratio increases by exactly the samel amount
as the fall in the government debt-to-income ratio. The decline in net foreign liabilities means a lower gxternal

debt servicing burden, so the domestic economy will not need to export as much output. Consequently| the real
exchange rate appreciates and previously exported goods are now available for domestic use. Some are con
sumed, as consumption’s share of output is higher in the new equilibrium, and some are invested becalse of the
real exchange rate’s effect on the cost of capital. The appreciation in the exchange rate reduces thg price of
imported investment goods, thereby lowering the cost of capital. This induces firms to increase their [desired

capital stock, increasing the long-run productive capacity of the economy.

In summary, the new long run has a lower labour income tax rate, an improved net foreign asset position} a lower
net export position supported by a stronger real exchange rate, a higher level of both consumption anf invest-
ment, and more productive capacity.

The dynamic adjustment path

The dynamic adjustment looks quite different from the long-run equilibrium. To achieve the reduction [n out-
standing debt, tax rates are raised on labour income. With less disposable income, households reduce consumg
tion and demand falls below supply. The forward-looking monetary authority responds to the projected dgcline in
inflation below its target by reducing short-term interest rates. The exchange rate depreciates in respornse to the
smaller differential between domestic and foreign interest rates. The exchange rate effect more than offsets the
interest rate effect, and a temporary increase in the user cost of capital results in an initial decline in injyestment
that contributes to the excess supply. On the other hand, the exchange rate depreciation stimulates temporan
growth in exports and that, combined with a significant decline in imports, results in an improvement|in the
current account. The improved current account flows accumulate into a less negative net foreign asset|position,
moving the economy towards its new long-run position.

The easing in monetary conditions eventually raises demand above supply some two years after the initiagl change
to the fiscal target. The stimulus works primarily through the trade sector. Excess demand over a thfee year
period arrests the fall in inflation and re-anchors inflation expectations. Once sufficient foreign assets hgve been
accumulated and the long-run decline in the cost of capital comes through, both consumption and inyestment
increase to their new levels. The increase in investment also builds the capital stock to its new level and produc-
tive capacity reaches its new equilibrium. Once short-term interest rates re-equilibrate, the exchange f[ate con-
verges to its new equilibrium level. Net exports then lock in at their new lower level.
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Figure 5

A permanent decrease in government debt
(All responses are percent or percentage deviations from equilibrium. Timescale in years.)
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To summarise, the long-run effect of the shock has been to raise households’ ability to consunpe, since
less output has to be diverted to service foreign liabilities. However, in the short run a temporaiy sacri-
fice is required by households in the form of higher income taxes. Although this is a fiscal policy[shock,

monetary policy plays a key role in the transition from the short run to the long run by temporarily|easing
monetary conditions.
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