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Abstract

We use the returns on a set of internationa financial securities to identify exogenous shocks to
the Canadian federa surplus. We find that a large portion of the variation in the surplus can be
replicated by a linear combination of these returns and that the rising debt observed in the 1980s
and 1990s was a result of adverse exogenous shocks and a delayed response by the government
to these shocks. We develop a formal framework to evaluate the potential gains from a fiscal risk
management strategy, using these securitiesto hedge against exogenous shocks. We show that fiscal
risk management can generate significant welfare gains by enhancing the sustainability of fiscal
policy and thereby lowering average tax rates.
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1. Introduction

The large public debts accumulated by many OECD economies during the last two decades have
created serious concern about the sustainability of fiscal policies and have become a major topic
of policy debate. Much of the economic literature on this subject rationalizes these large public
debts as the consequence of public sector bias towards deficits.! However, the analysis fails to
explain why the public debt problem emerged in the mid—seventies and not before (see Alesina
and Perotti, 1995). To address this question, some authors have started to consider the role of
exogenous “fiscal shocks” — unexpected changes in government spending and revenues — as a
source of the rising public debt. However, their attention has largely been focused on how political
and fiscal institutions affect the government’s response to fiscal shocks,? rather than on the shocks
themselves. Few studies have tried to investigate the actual contribution of fiscal shocks to the
rising public debt. The question of what governments can and should do to mitigate these shocks is
also left unanswered.

The focus of this paper ison fiscal shocks and it contributes to the literature in three key ways.
First, we estimate the contribution of exogenous factors to variations in the primary surplus and
measure their empirical importance to the rising public debt. Second, we characterize the response
of fiscal policy to these shocks. Finaly, we show how a policy of fiscal risk management can
mitigate the adverse consequences of these external influences, and estimate the potential gains
from fiscal risk management in terms of improved sustainability, lower average taxes and increased
welfare. Asan empirical example we focus on the primary surplus and debt levels of the Canadian
federal government over the last forty years. Canada provides a good example for our analysis
because, during this period, the behavior of the public debt in Canada was very similar to that of
the OECD average. Moreover, since Canada is a small open economy, it is much easier to identify
fiscal shocks that are clearly exogenous to the Canadian government.

A key novelty of our analysis is that we identify exogenous fiscal shocks using the returns on
several international financial securities. Theideabehind thisapproachisthat if thefinancial market
isrelatively complete, thentherelevant risk can be represented by some combination of these market
returns.® In addition to being exogenous with respect to Canada's fiscal policy, we find that these
variables capture a larger portion of the variation in the primary surplus than the growth rate of
GDP or the unemployment rate — variables that have been used in previous studies (e.g. Roubini
and Sachs, 1989). Indeed, our empirical analysis reveals that the mgjority of the variation in the
primary surplusover this period can be replicated by alinear combination of returns on international
financial securities. In particular, the large deficits that were experienced in the seventies and early

1 See Persson and Svensson (1989), Roubini and Sachs (1989), Tabellini and Alesina (1990), Grilli, Masciandaro and Tabellini (1991), Tabellini
(1991), Von Hangen (1992) and Alesina and Perotti (1996). Alesinaand Perotti (1995) provides an excellent survey of thisliterature.

2 See Von Hagen (1991), Alt and Lowry (1994), Poterba (1994), Bayoumi and Eichengreen (1995), Bohn and Inman (1995) and Alesina and
Perroti (1996).

3 Thisisreferred toin the finance literature as the “ spanning property”.



eighties can largely be attributed to these exogenous fiscal shocks. We also find that the surplus
processis best characterized by atime-invariant function of current and past shocks with an abrupt
policy regime shift towards higher primary surplusin the mid-1980s.

Our empirical results suggest that the problem of rising public debt in Canada was caused by a
series of adverse exogenous shocks that occurred in the late seventies and early eighties, and that
the problem was aggravated by the delay in the government’s response to the rising debt. Rather
than adjusting the primary surplus continualy in response to the rising debt level, the Canadian
fiscal authorities maintained the original fiscal policy rulelong after the adverse shocks occurred. A
significant shift in the stance of fiscal policy took place only when thenet debt reached an alarmingly
high level and a new government came into power.* Our evidence appears to be more consistent
with the predictions of a political economy model (e.g. Alesinaand Drazen, 1991) that emphasizes
the role of adjustment costs in causing delays, rather than with the basi ¢ tax—smoothing model.

The use of financial market returns to represent exogenous shocks to the primary surplus allows
us to address two key questions: (1) To what extent can exogenous shocks to the primary surplus
be diversified in the international financial market, and (2) What are the potential gains of adopt-
ing such afiscal risk management strategy? According to the optimal dynamic taxation theories of
Barro (1979) and L ucas and Stokey (1983), tax rates should be maintained at rel atively constant lev-
elsand should not be used to offset all of the exogenous shocksto the primary surplus. For political
and institutional reasons, fiscal authorities may not be able to adjust fiscal policy instantaneoudly.
In the absence of state contingent borrowing and lending, however, a stable fiscal policy may be-
come unsustainable as the effects of the exogenous shocks accumulate and result in arising debt,>
which could force the government to drastically raise taxes and cut spending in order to reduce the
debt. The more volatile is the primary surplus, the more likely it is that the tax rate will have to
be increased in the future. By hedging away the volatile component of the primary surplus that is
associated with the exogenous shocks, fiscal risk management might help to reduce the probability
of an excessively large and rising public debt.

To address these issues, we develop a conceptua framework that is consistent with our empir-
ical observations and consider a simple hedging strategy that effectively replaces the diversifiable
component of the primary surplus with a constant cash—flow that has the same present value. \We
estimate the gains from fiscal risk management in terms of the sustainability of fiscal policy, aver-
age tax rates and welfare. We find that by increasing the sustainability of fiscal policy, fiscal risk
management results in sizable welfare gains by lowering expected tax rates in the short and long
run. However, in order to capture these gains, it isimportant that the hedging strategy be adopted
only when the net debt is at a sufficiently low level. When the level of the net debt is high, hedg-

41985, theyear inwhich the fiscal policy change took place, is also the year when the Conservative Party became the majority party in Canadian
parliament.
5 Bohn (1991) provides severa theoretical examples that illustrate the need for the government to issue state contingent bonds in stochastic
€economies.



ing may have the effect of reducing the probability that the net debt declines, thereby making any
given policy less sustainable. We characterize the conditions under which hedging is desirable. Our
analysisimpliesthat fiscal risk management should best be viewed as away of avoiding future debt
problems rather than solving current ones.

We are not the first to emphasi ze the importance and potentia benefits of using financial market
instrumentsin government finance. In their seminal work, Lucas and Stokey (1983) show that state
contingent bonds are crucia in implementing the optimal fiscal policy and maintaining the time—
consistency of the policy in the face of stochastic shocks.® Bohn (1990) provides empirical evidence
that financial market instruments may help the US government to further smooth its tax rates and,
therefore, improve welfare. In contrast, we emphasize the role of fiscal shocks in affecting the
variation in budget surplus rather than in the tax rates. Our analysis shows that the impacts of these
shocks have largely been absorbed by the government through risk—free borrowing and lending and
have, therefore, resulted in rising debt. While Bohn argues that risk management may help the
government to reduce the short—run variationsin the tax rates, we show that fiscal risk management
can also help to reduce the probability of having a high debt, enhancing the long—un stability of
fiscal policy and thereby raise welfare.

The analysis contained in the rest of the paper is divided into two sections. In Section 2 we
estimate the impact of exogenous factors on the surplus process and determine the response of
the fiscal policy stance of the government to those factors. In Section 3 we develop a method for
evaluating the potential gainsof fiscal risk management, and apply it to the Canadian example using
the empirical specification developed in Section 2. Section 4 offers some concluding remarks.

2. Fiscal Shocks and Policy Response

After being consistently in surplus until the early 1970s, the Canadian budget balance exhibited
almost continuous deficits during the seventies and early eighties, followed by persistent surpluses
from the mid-1980s. The purpose of this section is to determine how much of the variation in the
surplus can be attributed to external influences and what partsto significant shiftsin “fiscal stance”.

21 The Exogenous Fiscal Shocks

We use the market returns on a set of international financial assets to measure fiscal shocks. These
market returns have been used extensively in the finance literature to represent underlying factorsin
stock market returns and to capture cyclical activity in the US (and, hence, the Canadian) economy.
Since Canadaisasmall open economy, it issafe to assume that these international variables are not

6 Zhu (1995) showsthat, in an economy with capital, government bondsthat are linked to capital returns can be used to ensure the time—consistency
of optimd fisca policy even if there are no stochastic shocks.



influenced by the government’sfiscal policy. Moreover, if the financial markets are relatively com-
plete, then it should be possibleto replicate alarge portion of thefiscal risk using some combination
of these returns.

The asset return variables are the value weighted return on the New York Stock Exchanges VWR
(from the CRSP tape), the dividend yield DIV on the CRSP value-weighted index (measured as a
1-year backward moving average of dividendsdivided by the most recent stock price), the 3-month
Treasury bill rate TBILL, the 1 year moving average of the 3—month Treasury bill rate TBMA; and
the rate of return on 10 year government bonds, LONGR. These variables, or linear combinations
of them, have been found to forecast asset returns and are discussed in more detail in Campbell
(1996). We multiply each of these by the nominal exchange rate to obtain the Canadian dollar value
of the return on each US dollar invested. This ensures that the US dollar values of the returns are
independent of the exchange rate and, therefore, Canadian government’s policy. Let X, denote the
vector that contains these return variables.

2.2 The Fiscal Policy Rule

We adopt the following specification of the primary surplus process:

s = fi+a' X, + psi_1 + ey (1)

Here s; is the ratio of the nominal primary surplus to the trend of nominal GNP The vector a
measures the marginal impact of the exogenous shocks to the primary surplus. It represents both
the effects of the shocks under a given policy and the effects through policy response to shocks.’
The term f; summarizes the permanent components of the government’s policy variables. It could
be time—varying and may change in response to the debt level and political events. The lagged
surplus term is intended to capture the persistency of the surplus process.2 Finally, the error term
g, IS assumed to be a normal random variable that is uncorrelated with X, f; and s;,_;. In section
3, we present a small open economy model in which the equilibrium primary surplus process takes
exactly the form that is specified in (1) with p = 0, and f; isafunction of the effective tax rate on
output.

In order to estimate (1), we need to specify how the policy variable f; evolves over time. Two
alternative specifications are considered in our empirical anaysis: 1) f; isalinear function of debt—
GNPratio, and 2) f; isastep function of time. Thefirst case corresponds to Barro’'s tax smoothing
policy according to which the permanent components of the tax policy should be adjusted contin-
ually in response to the debt level. The policy rule implied by the second case is consistent with
the recent political economy literature that emphasizes delayed fiscal adjustments due to political

7 For example, government expenditures on an existing program may be a function of the shocks, ag X, and the government responses to the
shocks by setting the taxes equal to aj X;. Then, a = ag + ax. In principle, these parameters may not be constant over time.
8  This could be due to the costs associated with adjusting the surplus to the government’s long-run target levels.



or institutional constraints.

2.3  The Contribution of Fiscal Shocks to the Primary Surplus

To determine the quantitative importance of exogenous shocks to the variation of the primary sur-
plus, wefirst run asimplelinear regression of the surplus-GNPtrend ratio, s; on the shock variables
X;. Theresultisreported inthe first column of Table 1. Although the Durbin—\Weatson statistic sug-
geststhereisserial correlation intheresiduals, thisregression illustratesthe striking fact that almost
70% of the variation in the surplus can be replicated by a ssmple linear combination of the asset re-
turns. When we include a lagged dependent variable, as in the second column, the specification
of the model improves, but it does not add much in terms of its explanatory power. Moreover, the
parameters of the model are quite robust to itsinclusion.®

Figure 1 shows that there appears to have been a shift in the mean of the residuals during the
mid—-1980s. After this point, although the model continues to replicate the direction of movements
in the surplus, it understates its true level. This is consistent with a level shift in the permanent
components of the government’s fiscal policy. The CUSUM test (which is a t—statistic testing for
structural stability) reported in the table shows that the null of no structural changeisrejected at the
5% level.
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Figure 1: Residuals from Surplus Regression

9 As acomparison, we also report the same regressions by using the change in rell GNP growth and the unemployment rate, instead of X, as
shock variables. The results show that a much smaller portion of the variation in the surplus can be explained by these traditiona shock variables
(see Appendix).



2.4 The Shift in Fiscal Stance

There are severa reasonsto suspect that there may have been asignificant changein thefiscal stance
of the Canadian government during the 1980s. These include the rapidly rising debt, the associated
pressure from financial markets and a shift to amore conservative role for government. In thethird
column of Table 1, we include the debt—-GNP ratio (DEBT) as an additional regressor to seeif the
structural change(s) can be explained by a continuous response of the fiscal policy to the rising
debt, as suggested by the Barro's tax smoothing theory. Although DEBT is indeed a statistically
significant regressor, thereis still evidence of structural change as indicated by the CUSUM test.

Analternativeto Barro’'stax smoothing theory isthewar of attrition model of Alesinaand Drazen
(1991), which emphasizes the political costs of adjusting fiscal policy. According to this theory,
fiscal responseto the rising debt may be delayed dueto conflicts among different groups about how
the burden of the required policy change is to be shared. Because of the delay, the change in the
government’s fiscal policy is better described by a discrete regime change. Here we identify the
potential regime change by estimating the following switching regression model:

5 — 1+ allXt + p1St-1 + €, ift < t; (2)
t= c1 + a’th + P2St—1 + Et, if t > t*.

whereey; ~ N(0,02),e9: ~ N(0,03) and t* isunknown. We use the maximum likelihood method
to estimate both the parameters and the break point ¢*. The estimated ¢* is the second quarter of
1985. Figure 2 illustrates the maximized log-ikelihood function (conditional on ¢*) for different
switching dates. Thisfigureillustrates quite clearly why maximum likelihood estimation pinpoints
the structural break as having occurred between the first and second quarter of 1985. We test the
significance of a structural break at this date with Chow tests for each of the regressions models
discussed above. As can be seen this hypothesis cannot be rejected at the 5% level.

To examine further the nature of this regime switch we re—run the regression reported in column
3 of Table 1 by introducing a dummy variable which takes on the value one after 1985:1 and zero
otherwise. The fourth column of Table 1 documents this regression. When we account for the
structural break in thisway, the debt—GNP ratio isno longer asignificant explanatory variable. This
suggeststhat itssignificancein the previousregression was not theresult of astablerelationship over
shorter sub—periods. Indeed, when we estimated the regression within each regime, the debt—-GNP
ratio was no longer significant.’® Our preferred model is therefore represented by the regression
model documented in the last column of Table 1. It corresponds to a specia case of (1) when f; is
a step function of time that has an upward step at the second quarter of 1985.

Totest the stability of the parameters on the shocksand the lagged surplus across the two regimes,

10 The reason for the significance we found in the previous regression seems to stem from the fact that both the surplus and the debt has moved
upward during 1980s.
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Figure 2: Log Likelihoood Function

we also regressed the residuals from our preferred regression on the explanatory variables within
each regime. We could not reject the joint hypothesis that these parameters are constant across
regimes. In other words, the change in policy stance is largely consistent with an increase in the
permanent components of the surplus after the first quarter of 1985 rather than a change in the
marginal responsiveness of the surplus to the exogenous shocks.™

Based on these empirical results, we can interpret the Canadian government’s surplus process
as follows: Under the fiscal policy rule that was in place in the 1960s and 1970s, the exogenous
fiscal shocks accounted for about 70% of the variation in the primary surplus. Until the mid-1970s,
the combination of the policy rule and the shocks had resulted in positive surpluses on average.
Beginning in the mid-1970s, however, the exogenous shocks caused a sustained period of deficits
and resulted in the rising debt under the original policy rule. Instead of adjusting its fiscal policy
immediately in responseto the deficits and rising debt, the government continued the original policy
until 1985 when it adjusted the surpluslevel upward permanently. Thisadjustment, along with more
favorable exogenous shocks, resulted in areturn to positive primary surplusesin the late 1980s and
early 1990s. The behavior of the Canadian primary surplus therefore appears to be more consistent
with the political economy model of Alesinaand Drazen (1991) than with the tax smoothing model
of Barro (1979).

11 Aswe show below, aforecast of the surplus in the latter half of the sample using data from the first half of the sample tracks the actual surplus
quite well (see Figure 2). This suggsts that the high R? is not due to overfitting.



3. Fiscal Risk Management

The analysis of the previous section raises some intriguing questions: Given that much of the vari-
ation in the surplus can be replicated by the return on a portfolio of international securities, could
the government mitigate the impact of these fiscal shocks by hedging the risk? Moreover, under
what conditions would such a policy be desirable? In this section, we investigate the potentia role
for systematic fiscal risk management as part of the government’s overall debt policy. To do so, we
develop a framework for analyzing the impact of the government’s fiscal policy on welfare that is
consistent with theinternational asset pricing model that we use for determining the cost of hedging.

3.1 A Small Open Economy

Consider asmall open economy populated with alarge number of identical, infinitely—-ived house-
holds. Timeisdiscrete. Let z; be the state variable that summarizes the exogenous shocksin period
t,and 2! = (2, 21, ...2;) bethe history of shocks up to period ¢. e assume that there is a complete
world financial market in which all contingent claims with payoffs that are a measurable function
of 2 can be traded. Under this assumption and the assumption of no—arbitrage, there exists a se-
quence of stochastic discount factors, { M, }+~, such that the time ¢ price of a contingent claim that
pays f(z*9)) in period ¢ 4 j is??

() = |2 o) ®

t

The small open economy assumption implies that the stochastic discount factors are exogenous
with respect to domestic agents' actions. In particular, changesin the domestic government’s fiscal
policy has no effect on them.

The domestic households' preferencesover the consumption planc = {c¢: }+-o arerepresented by
autility function U(c). Here, we do not impose any restrictionson U (.) except that it is concave and
that, forany cand 6 > 0, U(c+6) > U(c), wherec+ 6 isdefined as {c; + 6 }+»0. In particular, U(.)
can be the same or different from those of the foreign investors and it can represent non—expected
utility, asin Epstein and Zin (1989), or time non—separable utility, asin Abel (1990). Our welfare
measure defined below isindependent of these considerations.

The representative household in the domestic economy is endowed with the following concave
production technology:

ye = Ak, 0 < a <1, 4
where 3, and k; are the period ¢ output and capital input, respectively, and A; is the domestic pro-
ductivity, which growsat aconstant rate ¢, i.e. A, = Aqet. Thecapital investment decision ismade
one period ahead but can be state contingent. Thus, in period ¢, the household commits to a state

12 See for example, Harrison and Kreps (1979).



contingent investment plan by buying acontingent claim k1 (2, ). For simplicity we assume
full depreciation. The government taxes this output at the rate ;. In each period, the household
allocates her after—tax output between consumption, capital investment and investment in financia
contingent claims. Let ¢, and b, (2", z,,1) denote the household’s consumption and contingent
clam holding in period ¢, respectively. Then, the household's budget constraint in period ¢ is

M.
Ct+Et|:]\?_1
¢

(b1 (27, 2041) + ki1 (2D, 2000)) | < (1= 7)) Ak + by ®)

Under the compl ete market assumption, Fisher separation applieswith respect to the household’s
consumption and production decisions. Let

1 o0
Wo = D oML = 1) Ack? — Moo (6)
=0

denote the household'swealth at time zero. Then, for any given level of 1, the household’swelfare
is

Vo(IWh) = max{U(0), st == >~ By, < Wo). @

, St —
My t=0

In particular, the government’s fiscal policy affects the household’s welfare only through its impact
on current wealth W,. Thus, from now on, we will refer to 1/, as the household's welfare. As
we mentioned above, this welfare measure is independent of the specification of the preference
for the domestic households. Therefore, any welfare gains from fiscal risk management must come
from increasing the domestic househol d’'s weal th, not from smoothing the househol d’s consumption
profile.

For any given fiscal policy, the household chooses her investment decision to maximize her
production wealth, ;. It is straightforward to show that the optimal investment rule is given by

1

]%t-&-l = [04(1 - Tt—&-l)At—&-l]E? (8
s0 that the household’s maximized wealth is

R . 1 & 1
Wo = (1 — 79) Aok 4+ aTa (1 — a)m > B M[(1— 1) AT 9)
t=1

Given ajoint distribution over future fiscal policy and the stochastic discount factor, (9) can be
used to compute aggregate expected wealth. With complete markets, changes in wealth provide a
compensating variation measure of welfare, that isindependent of domestic preferences. Note that
thiswelfarefunction isastochastic version of thewelfarefunction used in the original tax smoothing
paper by Barro (1979). However, instead of assuming that the costs of revenue collection per period
as atime-invariant convex function of the tax rate, here we derive the welfare function from the
fundamentals. In this sense, we provide a microfoundation for the welfare function used by Barro.



3.2 The Governments Fiscal Policy

Government expenditure in period ¢t is G; = Gy(z;). We assume that {G,},~( IS an exogenous
stochastic process. The government’s primary surplusin period ¢ is then

St = TtAtl%? — Gt(Zt) = OéﬁAtlTaTt(l — Tt)ﬁ — Gt(Zt). (10)

Letg, = yoema' = AgkZeTs! = A, T2 ka AT bethetrend GNR s, = S,/7,, and g, = G, (z)/7,.
Also, define the “effective tax rate” as 6, = 7,(1 — 7,)T= (Aoa )™= /k$. The implied primary
surplus—trend GNP ratio can then be expressed as

sp = 0 — gi(2)- (11)

Note that because of the production distortion, thereisa Laffer curve associated with the collection
of tax revenue. The maximum revenue that can be raised occurs when 7 = 1 — «, or when the
effective tax rateis given by
6= (1—a)aTaAs/ kS (12)
The expression of the equilibrium primary surplus processin (11) is consistent with the empirical
specification we used in section 2 with p = 0. Infact, if we assume that

Q(Zt) =9g— a'X; — €t, (13)

where g denotes the mean government spending to trend GNP ratio, then, it follows that the per-
manent component of the government’s policy variables (the first term in 1) can be represented
as

Ji=0:—7. (14
Thus, achangein f; corresponds to a change in the effective tax rate 6,.

If the government could issue state—contingent debt, then it can be easily shown that the optimal
tax policy would imply a constant effective tax rate across time and states. However, if the govern-
ment can only issue risk—free debt, a constant tax rate may result in adebt path that isunsustainable.
To ensure sustainability in this case, apolicy rule has to be specified to determine how the tax pol-
icy will change in response to the rising debt. In the following, we consider a policy rule that is
consistent with the empirical behavior of the primary surplus we reported in section 2.

Let D;(0) be the level of government debt at the end of period ¢ when the effective tax rate in
period ¢t is6. Then, we have

Dy = (14 1r1)Dy1 — [0 — g:(20)]7,- (15)

10



where r; is the effective interest rate on government debt. We aso define

Vi(0) = Mit Z EyMy 510 — 9¢(2)]7; (16)

to be the present value of the government’s primary surplusesif the tax rate continuesto be ¢ in the
future. We define the " net debt” as the debt minus the present value of future surpluses under the
existing tax policy, D; — V;(6o).

We assume that the government faces an upper bound, ¢, on the net debt—trend GNP ratio. The
effective tax rate will remain at its “normal” level, 6y, as long as the net debt-trend GNP ratio is
below the upper bound. Whenever the ratio reaches or exceeds the upper bound, the tax rate is
raised to a“crisis’ level, 6%, until the net debt, evaluated under the normal tax regime, falsto zero.
At this point the effective tax rate is set back to its normal level. Thus, if the effective tax rate in
period ¢ isd;, then,

Oy if0, =6yand D, — Vi(6y) < ¢,
011 = g* if 0, = 0y and D, — V(6,) > ¢7, (17)
Oy if6; > 6yand D, — V,(6y) <0

where 0* is set high enough so that the net debt declines on average over time:

Dy~ Vi(6;,,) < 0. (18)

The level at which the crisis tax rate is set determines the average speed with which the net debt
is reduced, and the normal tax regime is resumed. Given this policy rule, we can then evaluate the
impact of risk management on welfare.'3

3.3 Hedging Strategy and Its Evaluation

Without hedging, the government debt evolves according to the following equation:

Di—Di 1 =1y 1Dy 1 —S;=r-1Dy1 — [0 — G+ a' X, + &7, (19)

For agiven effectivetax rate, the debt may increaserapidly if the surplus process experiencesalarge
negative shock — anunusually low valueof a’X;. Ex ante, the government can avoid these negative
shocks through hedging. Supposethat, at somedate ¢, the government adopts avery ssmple hedging
strategy — replacing the volatile component of the primary surplus, a’X., 4., with a deterministic
cash—flow that isaconstant percentage of thetrend GNP's, and which hasthe same present value.*

13 Although this policy ruleis consistent with our empirical observationsin Section 2, it is not unique.
14 Sincethe US dollar vaue of X is determined in the US financial market and isindependnt of the Canadian government’s actions, there are no
transactions costs due to the potential for the government to partially default on its liabilities by inflating.

n



The government can do this by holding a portfolio whose payoff in period 7 > ¢ is

h’(XT7 T) = (E - a,XT)gT7 (20)

or by entering into an Index—Linked-Swap with investors, with the floating index being a’X .. ¢/,.1°

For the portfolio to be selffinancing, the cash flow 5 must satisfy
532, B M a'X ]

- Z:O>t Et [MTQT] . (21)

Under this hedging strategy, the process that governs the evolution of the government debt becomes

VY|

DT - DT—l = TT—IDT—I - [07 - ? +5+ 57’]?7—7 (22)

for 7 > t. Under hedging the debt process is less volatile. However, whether the net debt is less
likely to hit the upper bound under hedging depends on the value of 5, which reflects the financial
cost of hedging — the risk premium that must be paid to investors. If hedging is costless, then
the government should be able to replace the cash flow a’ X, 7, with itsexpected value E; [a’X , 7, |.
Thus, the difference between the expected value and the actual payment it receives, E;[a' Xy, | —57
representsthe financial cost of hedging. Since the vector X, isdemeaned its expected value equals
zero, so the hedging cost is effectively indexed by 5. When the hedging cost is high the value of s
could be very low or even negative'®, and the debt may grow faster under hedging.

In order to quantify the hedging cost and to evaluate domestic households' welfare, we need to
specify ajoint stochastic process for the discount factor M, and the state variable X;. We assume
that the vector X,, which consists of the asset returns VWR, DIV, TBILL and LONGR, follows a
vector autoregressive (VAR) process:

X, =AX; | +u (23)

where A is amatrix of coefficients and u, ~ N(0,X). Note that the vector X, does not include
one of the factors we used in X; — TBMA, the one-year moving average of TBILL. However,
given the estimated process for the asset returns, the value of TBMA can be easily constructed. The
process is estimated using quarterly data from 1958:1 to 1994:4.

We also assume that the growth rate in the stochastic discount factor, i, = log (M—]‘ﬁ—l) isalinear
function of the lagged state variables given by

My = C,Xt—l + Ny, (24)

wheren, is N (0, 037), E; 1[em,] = 0 and E;_[un,] = v. Theeffectiveinterest rate on government

15 Various kinds of Index—Linked-Swaps have now been widely traded by many financial institutions, athough not with infinite maturity. \We
discuss the potential problems of implementing such a swap in the conclusion.

16 That is, to shift therisky cash flow to the investors, the government may receivein return only avery small amount of deterministic cash flow
or even have to pay the investors.
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debt r, isaso assumed depend on lagged state variables:
re=BX; 1 +briq + G, (25)

where (, ~ N(0,0). This, together with the estimated processes for the asset returns (23) and the
stochastic discount factor (24), represents arestricted VAR.

Because the stochastic discount factor isnot directly observable, an asset pricing model is needed
to estimate equation (24). There are several consumption—based asset pricing model s that we could
use, none of which is perfect. In this paper, we adopt the consumption CAPM based on the non—
expected utility model proposed by Epstein and Zin (1989) and Weil (1989). We choose this asset
pricing model for two reasons. 1) Studies have shown that it performs better than the standard
consumption CAPM based on additively separable utilities, and 2) there are micro studies that pro-
vide us with some sense about the range of values that the parameters should take.!’ Like most
other consumption CAPM models, it is difficult for the Epstein—Zin model to generate readistic
risk—premiums with plausible parameter values. This suggests that the hedging cost implied by the
model may be too low. To check the robustness of our results, we vary the hedging cost indepen-
dently in evaluating welfare gains. In addition, we also report results based on an alternative asset
pricing model — Abel’s (1990) “ Catching up with Joneses’” model.

The stochastic discount factor implied by the Epstein—Zin model is

~ N 1\
M, = (ﬁTOT ) (HT ) . (26)

s=0 R™
s

Here, C, denotes the US per capita consumption, R} denotes the gross real return on the market
portfolio (measured by the real value-weighted stock return index onthe NY SE), o isthe elasticity
of intertemporal substitution, and ¢ is defined, following Campbell (1993), as
-y
Ty 0

where ~ is the coefficient of relative risk aversion. The variable M, is areal stochastic discount
factor that can be used to price contingent claims in real US good units. To price cash—flows in
Canadian dollars, the appropriate stochastic discount factor is M, = M, (P.e;)~ !, where P, isthe
US CPI and e, isthe nominal exchange rate.

Given the domestic production technology, fiscal policy rule and the asset pricing model spec-
ified above, we can now evaluate the implications of fiscal risk management on fiscal policy, sus-
tainability and welfare.

17 See Kocherlakota (1995) for areview of asset pricing models.
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34 Calibration

Production function: We set o = 0.33 and assume that the initial capital stock &, has been chosen
optimally, so that ko = [a(1 — 79) Ag| T

Asset Pricing Model: Wefollow othersintheliterature by setting 5 = 0.99. For each value of v we
set o so that the implied steady—state risk free quarterly nominal interest rate is fixed at 3%. For a
coefficient of risk—aversiony = 4, thiscalibrationyieldsavalue for the marginal rate of substitution
of o = 0.53. Although, there is widespread disagreement regarding the appropriate values of ~y
and o, we adopt these values for our benchmark economy because they are in the range that most
observers seem to find acceptable (see Kocherlakota, 1996). However, in the following anaysis,
we evaluate the hedging strategy under severa different combinations of parameter values. Given
these parameter values and the VAR described above, it is straightforward to price the components
of the surplus and, hence, to determine the value of 5 (see appendix for details).18

Fiscal Policy Rule: For the policy rule to be fully specified, we must choose values for 6, 6* and
¢. From (14) and the regression analysisin section 2, we have that

1 = .006514, ift <t

0 —g=r= { e = .016453, if t > t*. *9

We interpret ¢; + g as the normal tax rate 6, ¢, + g as the emergency tax rate 0 and t* as the
time when the net debt—trend GNP ratio hit the boundary ¢. Thus, under the normal tax regime, the
primary surplus process evolves according to the following equation

!
st =c1 +aX; + e,

wherethe values of a isdetermined from the regression analysisin section 2. From the asset pricing
model specified above we can determine the present value V;-(6,), and the value of ¢ is then set
to be the net debt-trend GNP ratio at t*, (Dy — Vi« (0y))/7,-. Given our estimate that the shift in
policy stance occurred after thefirst quarter of 1985, theimplied value of the upper bound on the net
debt/trend GNP ratio, ¢, isabout 0.80. We use this value for our benchmark economy, but consider
the sengitivity of our results to aternative values.

Initial Conditions: \We take the perspective of agovernment that startsto hedge in 1977:1 and has
only the information available up to the last quarter of 1976. The sixth column of Table 1 (titled
“pre=77") documents the results of estimating the model over the period 1958:1 to 1976:4. As can
be seen the coefficient estimates are quite robust to this truncation of the sample period. The fact
that we are ableto identify the replicating portfolio ex ante suggeststhat our empirical specification
should provide a useful basis for hedging the shocks to the surplus. Indeed, as Figure 3 illustrates,

18 Details of the results from estimating this VAR, can be found in the the appendix.
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a forecast conditiona on the realized asset returns and the shift in policy stance, performs rather
well in replicating the actual surplusin the post—sample period 1977:1 to 1994:4. This conditional
forecast replicates over 80% of the variation in the surplus.

0.01%

In Sample Out of Sample
0.01

0.00%

Percent of GNP Trend

-0.005

“0-0855 1060 1965 1670 1675 1980 1985 1990 1995
Date

Figure 3: Forecasting the Primary Surplus

3.5 Results

Using the data from our simulation, we estimate the probability that theinitial policy first becomes
unsustainable and the government is forced to raise the tax rate. To do this we counted the number
of paths along which the tax is increased for the first time. Figure 4 shows the evolution of this
probability after t =1977:1 both with and without hedging. Without hedging, the probability that
the original policy rule would have become unsustainable within the following 100 quarters (i.e. by
the last quarter of 2002), is Q(100) = 0.36. With hedging it dropsto @ (100) = 0.05. In other
words, had the government begun to use this smple risk management strategy in the first quarter of
1977, it would have reduced the ex ante probability that its policy would become unsustainable at
some time before the end of 2002, by over 85%. But what does this increased sustainability imply
for the expected tax rate and welfare ?

Figure 5 shows the average tax rates that result from the policy rule in the benchmark economy,
with and without hedging over 150 years. Ascan be seen, the expected tax ratesriseinitialy in both
cases. Thisis because the net debt is initially positive and hence trends upward on average. The
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Figure 4: Sustainability of Initial Policy

average tax rate rises less rapidly with hedging than without, reflecting the reduced likelihood of
hitting the upper bound on the net debt level. Once the tax has been increased, the net debt begins
to decline on average so that eventually, the tax rate can bereduced to its “ normal level” . Over time
there are more paths realizing falling taxes on average than there are paths realizing rising taxes, so
that the average tax rate falls.'® In the long run, the tax rate remains lower under hedging because
(1) the probability of having to increasetaxesin thefutureislower, and (2) the averagerate at which
the net debt is reduced once thetax israised is greater.

We compute the welfare gain arising from hedging using (9). The first row of Table 2 shows
the aggregate wealth levels with and without hedging, and the welfare change for the benchmark
economy. In particular it shows the flow welfare change as a percentage of initial GNP and the
percentage change in welfare. As can be seen the former increase is approximately 1.42% and the
latter is 0.64%.

In principle, thiswelfare gain could come from two sources: (1) the reduction in expected taxes
and (2) the reduced variation in taxes via the concavity of the production function. However, by far
the greatest part of the gain comes from the former. To show that this is the case we computed a
first—order approximation to the welfare gain (see appendix) and found that over 99% of the welfare

19 Notethat even after the net debt is reduced to zero, some pathsrealize sufficiently bad shocksto makethe net debt positive again and to eventually
experience rising taxes again. However, the average tax rate still declines.
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Figure 5: Expected Tax Rates

gain derives from the reduction in taxes?° In other words, in our model, the gains from hedging
come predominantly from the increased sustainability of the low tax policy.

To investigate the nature of these welfare gains further and to assess the sensitivity of our results
to the various assumptions we have made, we allow the key underlying parametersto vary from our
benchmark case. The results are given in Table 2.

Risk Aversion (v): Wevaried v, while at the same time adjusting ¢ to maintain the same long run
risk—free interest rate. Resultsfor v = 2 and v = 10 are shown in Table 2. As one might expect,
raising risk aversion lowers welfare whether the government hedges or not. However, the welfare
gain from hedging is non—monotonically related to the coefficient of risk—aversion, initialy rising
with v and then falling.?* There are several effects from raising :

e The risk premium required by the representative investor increases. This drives up the financial
cost of hedging (areduction ins), which feeds into higher expected taxes under hedging, thereby
reducing the welfare gain.

e The market value of the increase in domestic wealth rises. These is because as~ isincreased, the
elasticity of intertemporal substitution, o, must be reduced to maintain a constant risk—free interest
rate. It followsthat the value of increasing the sustainability of the low tax policy (i.e. delaying the
tax hike) rises, so that the welfare gain from hedging increases.

20 Thisisgenerally the case under all of the alternatives considered below.
21 Theturning point in this relationship occurs approximately when v = 7.
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e The present value of future surpluses under the initial policy, V' (6,), decreases. The resulting
higher initial net debt reduces the sustainability of the initial tax policy and reduces the welfare
gain.

To separate the effects of changing risk preferences from that of changing initial conditions, we
alsoreport in Table 2 resultsfor v = 2 and v = 10 when the debt level is adjusted so that the initia
net debt isthe sameasthat for v = 4. After controlling for theinitial net debt in thisway, the welfare
gain increases monotonically with risk aversion. This shows that the increase in the hedging cost
due to the increase in risk aversion is more than compensated for by the gains from the increased
sustainability of theinitial low tax policy.

edging Cost (—3): To isolate the role of the increase in financia cost of hedging from other
aspects of the increase in risk aversion, we fixed ~, but varied the hedging cost directly, so that it
would equal the cost associated with lower or higher values of v. Ascan be seen, raising thishedging
cost lowers the welfare gain unambiguously.. If it is raised enough, the welfare gain eventually
becomes negative. Note, however, that within arange consistent with the Epstein—Zin CAPM, the
hedging cost isnever really high enough to have much impact on thewelfaregain. Thisisconsistent
with the inability of the model to account for the equity—premium puzzle.

Initial et ebt (Dy—V;(6p)): Inthe benchmark case, theinitial net debt—-GNPtrend ratio is 0.28.
Lowering it to zero rai seswelfare because the reduction makesthe need for atax hike lessimminent
(asindicated by the low probability of atax hike within the first 100 quarters, (100)). Lowering
the net debt also raises dightly the welfare gain from hedging. Increasing the net debt to 0.799, so
that it makesan immediate tax hike very likely, lowers welfare and significantly reducesthe welfare
gain from hedging. In this case, hedging actualy increases the probability of atax hike. With a
high initial level and a strictly positive effective interest rate the net debt is expected to rise and hit
the upper bound quickly, and hedging reduces the chance of having positive shocks to the surplus
that would help to revert the upward trend. Interestingly, however, there are still significant welfare
gainsfrom hedging, reflecting the more rapid reduction in the net debt under hedging following the
first tax increase and the lower likelihood of further tax hikesin the future.

Starting ate (¢y): The starting date for the adoption of the hedging strategy in the benchmark
economy, t, =1977:1, was approximately in the middle of the sample. Thisis a date at which the
debt level and the realized values of the asset returns are such that the initial net debt iswell below
the trigger point and the hedging cost takes on arelatively low value. We also ran our simulation
with a starting date of ¢, =1985:1. As noted above this is a date at which the net debt is just
about to exceed the upper bound and it is also a date such that the implied cost of hedging is high.
The combination of these two factors reduces the welfare gain from hedging significantly. Note,
however, that the welfare gains are still positive because of the more rapid reduction in the net debt
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under hedging following the first tax increase, and the lower likelihood of further tax hikesin the
future.

pper ound on the et ebt (¢): Lowering the net debt—GNP ratio at which the government
increases taxes to 0.60 raises the likelihood of tax increases, thereby raising the expected tax rate
and lowering welfare. Raising ¢ to 1.00 has the opposite effects. Quantitatively, however, such
changesin ¢ have very small effects on the welfare gains from hedging.

Alternative Asset Pricing Model: Since the Epstein—Zin model cannot generate realistic risk pre-
miums with reasonable val ues of the parameters, we aso consider an alternative asset pricing model
to check the robustness of our results on welfare gains. The model we considered is Abel’s (1990)
Catching—up-with—the-Joneses CAPM.? According to this model, individuals derive utility from
how well they are doing relative to how well the average person is doing today and how well the
average person did last period. The advantage of this model is that it alows an extra degree of
freedom, so that the equity premium puzzle can be solved with low risk aversion parameters. As
before, we calibrate so that the risk—free interest rate equals 3%. Table 2 reports the results for two
sets of parameter values. Thefirst, denoted “Low Cost”, represents parameter values for which the
hedging cost is equal to that in the benchmark economy. The second, denoted *“High Cost”, repre-
sents parameter values such that the sensitivity of utility to per capita consumption is sufficiently
large (according to Abel’s results) to account for the equity premium. We found that the welfare
gainrangesfrom 0.89% to 1% of current GNP The robustness of our results acrossthese alternative
CAPMsislargely due to our underlying assumption that the discount factor isalog-inear function
of the state—variables.

3.6  When Should the Government Hedge ?

An important implication of this sensitivity analysisisthat initial conditions— especially the com-
bination of net debt and hedging cost — matter. Our results should therefore not be taken to imply
that hedging is always desirable. For low levels of initial net debt, hedging reduces the probability
of tax increases and increases the welfare. When the initial net debt level is very high, however,
hedging increases the probability of having an immediate tax hike, and the benefits of hedging tend
to be small. If the hedging cost is aso high, then hedging may actually reduce welfare. This does
not imply, however, that the hedging strategy we have described should never be adopted when the
hedging cost ishigh. It smply saysthat the net debt level must first be reduced, by traditional meth-
ods, to asufficiently low level before the hedging strategy isadopted. It followsthat the government
should hedge only after they have put their fiscal house in order — fiscal risk management should

22 See Appendix for details.
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be viewed as a way of helping to avoid future debt problems, not as a method for solving current
ones.

4. Concluding Remarks

The central premise of this paper is that government cash flows are subject to unavoidable fiscal
shocks that are outside the control of the fiscal authorities. In this paper we replicate many of the
shocks to the Canadian federa surplus using the return on alinear combination of US. financid
securities. Wefind that it is possible to characterize the surplus process over the last four decades as
a stationary function of these shocks with an abrupt regime shift in 1985. Our results are consistent
with the hypothesis that the recent rise in public debt experienced by Canada was the result of a
series of negative shocksin the 1970s and 1980s, and along delay in the adjustment of fiscal policy
in response.

Although some fiscal shocks could be offset by varying tax rates and other policy parameters,
this would create further distortions in the economy. The alternative of intertempora smoothing
through debt financing is ultimately unsustainable. We have argued in this paper that, because of this
conflict between stability and sustainability, systematic fiscal risk management might be beneficia
as part of the government’s overall debt management strategy. We explored the feasibility of this,
and estimated the potential gains from fiscal risk management in terms of increased sustainability,
reduced tax rates and welfare. Although, the increasesin sustainability are large, the welfare gains
are fairly modest (though quite robust). It should be noted, however, that some of our modeling
assumptions are somewhat conservative. In particular, if we allowed for endogenous growth, then
tax changes would have permanent effects, so that the welfare gains from hedging would be much
larger.

In this paper, we have abstracted from several interesting and potentially important issues re-
garding the implementation of a fiscal risk management strategy. The hedging strategy that we
considered requires the government to enter into an index—inked swap with an infinite maturity.
It would be interesting to see if the strategy can be replicated with more conventional financial
instruments. There is aso the issue of default risk that is often associated with swaps of long ma-
turity. In this paper we have dealt with this problem to some extent by having the payoffs of the
swap denominated in US dollars. This eliminates the possibility of partial default by the Canadian
government through inflation. Of course, this does not exclude the possibility of direct or indirect
default by the government through other means, and it would be interesting to evaluate the welfare
gains from hedging by taking into account credit risk explicitly.?® Finally, thereistheissue of time-
consistency. In this paper we assume that once the government decides to implement the hedging

23 Note, however, that hedging should reduce the default risk premium aready implicit in the effective interest rate on the debt, thereby offsetting
the increased cost of hedging.
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strategy, it will stick to it in the future. However, our ssimulations show that the gains from hedging
depend crucially on the initial level of the net debt. A hedging strategy that is welfare improving
ex ante may become welfare reducing ex post if a series of adverse and unhedgable shocks occur
that cause the net debt to increase significantly in the future. Finding a welfare—enhancing hedging
strategy that is also time—consistent is another interesting avenue for further research.

We have used Canadian federal financesto illustrate the importance of exogenous fiscal shocks
to the rising public debt problems and to explore the feasibility and desirability of systematic fiscal
risk management. However, the conceptua framework and empirical methodology that we have
employed here could also be applied to the fiscal problems of other OECD countries, as well asto
those of the US states and Canadian provinces. Such analysisisimportant given the emphasis on
governments' responses to fiscal shocksin the current literature on budget deficits.

In analyzing the role of fiscal risk management, we have focused on diversifiable shocks to
the government’s primary surplus. Since not al the shocks to the primary surplus can be hedged
away, thereisstill aneed for the government to smooth cash flows intertemporally by issuing risk—
free bonds. Thus, debt management in the form of hedging interest rate risk and choosing the
optimal maturity structure as suggested by, among others, Boothe and Reid (1991), Missale and
Blanchard (1994) and Barro (1995) are also important for maintaining stability and enhancing the
sustainability of fiscal policy. The risk management strategy we emphasize here is complementary
to their suggestions on debt management.
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Table 1 ecomposing the Primary Surplus

| | Verigble | Shock | Lag | Debt | Dummy [ Shift | Pre=77 [ NoLag |
VWR 0.005 0.012 0.006 0.003 0.003 0.003 -0.004
(057) | (1.56) | (0.90) | (0.43) | (0.43) | (0.04) | (0.55)
DIV -1.28 -0.54 -0.64 -0.69 -0.69 -0.70 -1.09
(12.97) | (5.01) | (6.06) | (7.04) | (7.09) | (5.05) | (14.18)
X | LONGR -0.22 -0.08 -0.22 -0.33 -0.33 -0.30 -0.51
(357) | 1.59) | (373) | (562) | (568) | (253) | (9.24)
TBILL 0.19 0.14 0.22 0.27 0.27 0.22 0.35
(334) | (329) | (488) | (626) | (634 | (247 | (770
TBMA 0.38 0.09 0.22 0.22 0.22 0.28 0.41
(592) | (1.46) | (313) | (382 | 397) | (247) | (8.46)
Constant | 0.0534 | 0.0218 | 0.0167 | 0.0319 | 0.0317 | 0.0319 | 0.0506
(18.70) | (5.48) | (4.21) | (6:64) | (839) | (5.35) | (23.15)

SLAG — 061 | 050 | 038 | 038 | 024 —
9.58) | (7.77) | (5.83) | (5.86) | (2.24)
DEBT — — | 00070 | 00002 | — — —
(4.18) | (0.09)
DUM — — — | 00109 | 00108 — | 0.0157
4.91) | (6.70) (10.30)
NOBS | 148 | 148 | 148 148 148 76 148
® 068 | 081 | 083 | 085 | 085 | 075 | 082

D-W | 069 | 206 | 206 | 203 | 204 | 19 | 120
CUSUM | 569 | 363 | 321 — — — —
FTEST | 256 | 7.30 | 5.00 — — 2.09 —
[.000] | [.000] | [.000] — — | 008 | —

Notes:

(1) t—statistics are given in parenthesis.

(2) P—~values in square brackets.

(3) In the first 3 columns, FTEST refers to a Chow test for a structura break in 1985:2. In sixth
column it refersto atest of whether the coefficients on the X—variablesin and out of sample are the
same.

(4) The X-variables are not demeaned in these regressions.
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Table 2 Implications of edging for Sustainability and elfare
Q(100) [ QT (100) | Wo/Yo [ W /¥, | Z5E(%) | §7-(%)
Benchmark 0.36 0.05 60.78 61.16 142 0.64
Low risk aversion 0.33 0.03 70.04 70.38 1.13 0.48
— initial debt adjusted 0.38 0.07 69.99 70.35 1.18 0.50
High risk aversion 0.42 01 43.13 43.40 1.26 0.63
— initial debt adjusted 0.33 0.02 43.14 43.50 1.68 0.84
Low hedging cost 0.36 0.03 60.78 61.19 151 0.68
High hedging cost 0.36 0.07 60.78 61.13 1.32 0.59
Low initial debt 0.25 0.00 60.82 61.22 1.48 0.66
High initial debt 0.88 0.98 60.51 60.76 0.89 0.39
Later initial date 1.00 1.00 43.85 43.92 0.50 0.16
Low upper bound 0.43 0.12 60.76 61.15 1.45 0.65
High upper bound 0.31 0.02 60.78 61.17 147 0.66
Keeping up with | Low Cost 0.35 0.02 82.78 8311 1.00 0.40
the Joneses HighCost | 041 0.07 20.85 20.92 0.90 0.38

Notes:

(1) Benchmark: g =0.99, v =4, 0 = 0.53331, t,=1977:1, ¢ = 0.8,
(2) Low risk aversion: v =2, o = 0.71578. Highrisk aversion: v = 10, ¢ = 0.35116
(3) Low initial net debt: D — V = 0. High initial net debt: D — V' = 0.799.

(4) Low upper bound: ¢ = 0.6. High upper bound: ¢ = 1.00.

(5) Keeping up with the Joneses. Low cost: 6 — v = 2. High Cost: § — v = 20.
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Appendix

4.1 Data

All of thedataand the programs used in this paper can be downloaded from theinternet at http://www.chass.utort

411 Fiscal ariables

The quarterly primary surplus was calculated as the difference between total federa revenues and
expenditures less interest payments on the debt, as published by Statistics Canada. For institutional
reasons, this data exhibits considerable seasonal variation. Specifically, annual crown corporation
cash flows are attributed only to the second quarter yielding a large “spike”. We therefore used
seasonally adjusted data. The surplus data does not include charges and subsidies relating to the
Petroleum Compensation fund. Quarterly public debt figures are taken from IMF International
Financial Statistics. The effective interest rate was calculated astheratio of actual interest payments
on the debt to value of the debt.

412 Asset Returns

VWR istheindex of value-weighted returns on the NY SE taken from the CRSP tape. DIV isthe
dividend yield on the NY SE from the CRSP tape. LONGR is the nominal interest rate on 10 year
US. government bonds. TBILL isthe nominal 3-month US. treasury bill rate. TBMA isaone-year
fixed—weight moving average of TBILL. All of these returns were converted into Canadian dollars
using the spot U.S.—Canadian exchange rate taken from CITIBASE. Note that these returns should
therefore be interpreted as the return in Canadian dollars on each U.S. dollar invested.

413 ata used to Compute the Stochastic iscount Factor

Real per capita US consumption was calculated using data from CITIBASE. The real rate of return
on the market portfolio was taken to be equal to VWR divided by the US CPI.

4.2 Details of Algorithm

421 Asset aluation

Attimet = 0, we use the VAR process to forecast the present value of each component of the
primary surplus. Thetime ¢ Canadian dollar pricesfor avector of assets with nominal return stream

{XT}T>t IS
1 o0
™= ; E[M.X,). (A1)
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We compute these prices asfollows. Let m, (¢, 7) and m._ (¢, 7) denote the  —period ahead expected
value of the financial return vector and the log of the stochastic discount factor, respectively. Let
V.x(7), Vi (7) and V.. (7) denote the blocks of the 7—period ahead covariance matrix from the
VAR. The distributional assumptions made in Section 3 imply that the present value of the vector
of returns at time 7, X, given information available a timet is

E[M,X;] = 7,exp|(§ +b)7]8" Eilexp(Z:)X,] (A2)
= expl(€+ D718 exp(ma(t,7) + S Verl )ty ) + Vaelr)]. (A

Here the relevant means and covariances can be computed recursively as follows:

m,(t,7) = E(X;] = Amy(t,7 — 1)
m.(t,7) =cm(t,7—1)+m.(t, 7 —1)

Viz(T) =AVix(T—1)c+AVy(t—1)+v (A4)
Vo) = V(T = 1)c+ Voo (T = 1) + ' Vo (7 — 1) + 07
V(7)) = AV (1 — 1A'+ 3.

where the parameters of (A4) are obtained from the restricted VAR. Initial values are m, (¢,1) =
AX;,m,(t,1) = Xy + Z1, Viu(1) = v, Voo (1) = 0 and Vi (1) = X
The above can be used to construct the present value of the return stream T"BM A, the one-year
moving average of TBILL. Let my(t, ) denote the —period ahead expected value of TBILL, and
let V4, (7) and V,,(7) denote the covariance vector between TBILL and X, and the covariance
between TBILL and Z;, respectively. Then, the 7—period ahead expected value of TBMA isgiven
by

ms(t,7) = % [ma(t, 7 — 1) + my(t, 7 —2) + my(t, 7 — 3) + my(t, 7 — 4)] (A5)
The conditiona covariance vector of T BM A with X, is

1
Vs = 7 [AVax(7 = 1) + A%Vig (7 = 2) + A%V (7 = 3) + AV (7 — 4], (A6)

and the conditional covariancewith Z; is

Vi, = % Vi (1 = 1) + Vi (1 — 2) + Vi (1 — 3) + Vi (1 — 4)] +
%C,[Vzlx(’l' — 4)V4x(’l' — 1)(1 + A)V4x(’l' — 2) + (I + A + AZ)V4X(T — 3)]+ (A?)
/(T +A+ A%+ A3V (r —4)

4

Eventually, after T" periods the growth in the mean and variance of M, converge to constants Am,
and AV, respectively.. It follows that we can write

1
B Xrar] = exp | (4 A+ 58V, ) 7] BV X (A8)

p=0Inpg+£+b < 0. Wecan therefore evaluate the present value of the cash flow X; by iteration
using (A5), (A6) and (A7) for the first T periods, then adding the appropriate long run constant
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term:
7, explpT]
1 —7,exp [pT + Am3, + %AVZ*Z}

1 I
T = A Z E[M, X, ]+ E:[MrX7r] (A9)
t T=t

Note that to calibrate the model, for each value of v we choose avaue of o (fixing 5 = 0.99) that
ensures that the long run theoretical risk—free quarterly interest rate,

1 —
R = T n(B) + b+ Amy + AV, (A10)

_1
isfixed at 0.03.

422  Computation of Fiscal Policy Sustainability and elfare

To compute the probability of policy shifts and the associated welfare impacts, we conducted a
Monte Carlo smulation. For each set of parameters, we estimated the underlying VAR to determine
the parameters of the system and the associated joint distribution of the errors. We used this to
generate random draws for ¢, 1, and u; with the required joint distribution and generated NV paths
of T periods for the entire system.?* For each path and at each date, we computed the implied debt
level, D,, and the present value of future forecasted primary surpluses under the current policy,
Vi(6;). We did this for both the hedged and unhedged government cash flow processes. We then
computed the associated net debt and used it to determine the tax rate to be set in the next period
according to the policy rule described in (17). This generated a numerical distribution over the
tax rate which we used to compute welfare.® Since changes in the tax rate occur infrequently
(i.e. only when the bounds on the net debt are hit), alarge number of paths and time periods were
required before our estimated welfare gain converged. Specificaly, N = 150,000 and T" = 600
were sufficient for convergence of the welfare gain estimate up to the third decimal place.

24 Since the relevant distributions are symmetric around zero, we accelerated the convergence by using the draw itself and its negative.
25 Note of course that the debt and present value cal culation is endogenous to the policy choice.
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