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The Effect of Fiscal and Monetary Policies and th&lobal Economy
on Real Yields of Israel Government Bonds

Adi Brender and Sigal Ribon

Abstract

This study examines the effect of fiscal and mawepmlicies, as well as domestic and
global economic activity, on real yields of Israglvernment bonds between 2001 and
2013. We find an effect of fiscal policy on yieltsat is larger in longer maturities and
discover that the fiscal policy variable that affegields is the expected debt/GDP ratio
rather than the deficit. Monetary policy is found have a dominant effect on the
determination of short-maturity yields but alsotatistically significant, although small,
effect on forward long ones. The global financiakvieonment, represented by the real
yields on US Treasury bonds, affects domestic gietd all maturities. Our nonlinear
estimation indicates that the effects of the puthébt and the global financial environment
intensified during the sample period. Decomposhey ¢hange in yields over the sample
period, we find that monetary policy played a daaninrole in the decline of short- and
medium-term yields in the middle of the previousatie, while the decline in the public
debt ratio explains much of the decline in the loergn yields. It was also found that the
global financial environment significantly affectegield changes to all maturities
throughout the sample period. Our findings qualiedy match those of Ber, Brender, and
Ribon (2004) but reflect an enhancement of theceffef the public debt and the global
environment on Israeli yields and a shift of thpresentation of fiscal policy from the
deficit to the debt ratio.



1. Introduction and Brief Literature Review

In the past decade, real yields on Israel CPIl-iadegovernment bonds have been falling
for long maturities and, to an even greater extentshorter ones. The background factors
in this development are a declining public debt/GBfb, the contraction and re-widening
of the (cyclically adjusted) government deficitdam stable inflation environment, coupled
with steep lowering of the Bank of Israel intereste (hereinafter: IBOI) and the real rate
derived from it. These factors accompanied two rness cycles—the first upon the
recession that began in late 2000 and the secooewabroad but milder domestically,
that began with the US financial crisis in 2008.

This paper analyzes and quantifies the factors dffatted the development of real
yields to various maturities—short and longer.

Many studies analyze the factors that affect yieldd changes in yieldsparticularly
the role of fiscal policy. Although these studiesially find that fiscal policy affects yields,
they present no unequivocal conclusion as to thength of the effect, for reasons
including the use of different indicators for fisgaolicy, different research methods and
different periods. Gale and Orszag (2002), in aepdipat reviews some sixty studies, note
that only half of the studies found a clear effetthe deficit on yields; the others were
inconclusive. Many of the studies probe the factbeg affect yields by using a panel of
developed or emerging markets; others tackle tlestepn in reference to a single country,
usually the United States.

The customary indicators of fiscal policy are theficlt and the debt. Many studies,
however, find that the most meaningful magnitudat thffects yields is not an actual
development but a forecast or expectations of #feeitl or the debt. Engen and Hubbard
(2005) find that the debt and deficit predictions WS federal offices affect yields
significantly whereas the actual data do not aftketm at all. Laubach (2009) also finds a
significant effect of forecasts on nominal yieldsppeoximately 0.25 percentage point for a
1 percent of GDP increase in the expected defrait @03-0.04 for a 1 percent change in
the expected debt/GDP ratio.

Among the studies that examine the matter usin@reelpof countries, Gruber and
Kamin (2012) is noteworthy for finding, for the yed987—2007 (preceding the financial
crisis), that the deficit and the debt had sigaificeffects on nominal yields, of 0.11-0.18
and 0.02, respectively. For real yields the cosdfits obtained were significant but slightly
smaller, and the authors’ probe of forward yielakrbt find significant results. Poghosyan
(2012), investigating the factors that affect goweent bond yields in twenty-two
developed markets by applying cointegration methods panel, finds a 0.02 effect of the
debt/GDP ratio on long-maturity nominal yields.

The 2008 financial crisis emphasized the importaoicglobal effects on domestic
yields and the possibility that one policy mighvaalifferent effects in different economic
and financial environments. With the recent finahcrisis in the background, a welter of
studies asks whether the extent of the effect efafi variables on yields depends on

! It is often conventional to examine the factoratthffectnominal yields because, with few exceptions,
government bonds are nominal and not indexed toCiREe In Israel, the braod use of CPI indexed bonds
facilitates the direct examination of real yields.



additional factors such as the global situationseseign risk or the level of the debt.
Ardagna, Caselli, and Lane (2004), although ingasing the pre-crisis period, use a
sixteen-country panel to find that the effect of thebt on yields is non-linear but squared
and is positive and significant only when the dekteeds a certain level. They also find
that higher financial development lowers long-temerest rates and that the interaction of
a financial development indicator with fiscal vées weakens their effect. Jaramillo and
Weber (2012), using a nonlinear specification t@mixe effects on emerging-market
sovereign yields, find that the effect of domesictors on yields depends on the degree of
global risk aversion. That is, when the global emwvinent is perceived as riskier (when the
VIX index exceeds a certain value), an increastnéndebt/GDP ratio has a large effect—
around 0.06 and significant—as against 0.02 in ealiimes. Baldacci and Kumar (2010),
using a panel of thirty-one countries, show the effect of the deficit and the debt
depends on the structural fundamentals of the engrend effects originating in global
financial markets. Alper and Forni (2011) find &piers from public debt in large
developed markets to bond yields in other counteeserging markets in particular. Using
a nonlinear (squared) effect, they show that artgm increase in the public debt/GDP
ratio raises emerging-market yields by 0.025-0.0d developed-market yields by 0.01—
0.07; furthermore, an increase in debt in develop@dkets from their current high level
raises emerging markets’ long-maturity yields bytaer 0.1. Chinn and Frankel (2004)
find that US interest rates affect those in Europere strongly than in the opposite
direction and that the expected public debt/GDko réiased on OECD forecasts) has a
0.05-0.16 effect on yields in different Europeanrdaes. Dell’erba and Sola (2013), using
common factors, find that global monetary and figzdicy explain more than 60 percent
of the variance of long-term interest rates in agbaof OECD countries and that the
inclusion of these factors mitigates the effeatl@fmestic factors on yields.

Short-term interest, reflecting monetary policy, asmmonly cited as one of the
variables that explains yields. Several studiesigoon examining the effect of monetary
policy on yields. Hanson and Stein (2012) find thrainetary policy affects real forward
yields in the US. A 1 percentage point increastn@nominal two-year yield on the day of
an FOMC announcement on monetary policy is refteotea 45 basis-point increase in real
ten-year forward yields; this is interpreted ahange in the term premiums of the bonds.
Turning to the UK, Hanson and Stein report simiksults. Arora and Cerisola (2001) ask
whether US monetary policy affects spreads betwdBnTreasury yields and those of
emerging-market sovereign paper. Their preliminagamination shows that ten-year
Treasury yields affect these spreads with a caefficof 0.5-1.5. When the Fed rate is
included as an explanatory variable, a signifiedfect is obtained: a significant coefficient
of 0.2—0.6 for most countries. The reason may beltlgher interest rates in the US make it
hard for borrower states to repay their debts,etneramplifying the risk priced into their
paper.

The purpose of this study is to examine the eftéctarious factors—fiscal policy,
monetary policy, domestic activity, and the globalkironment, on real government bond
yields to various terms. The analysis will be peswithin the framework of a model that
allows nonlinear effects of some of the variablElse estimation method, based on the
Smooth Transition Regression (STR) model proposeteasvirta (2004), allow the effect



of the variable of interest to us to be dependanthe value of another variable or to vary
over time.

The model presented, allowing the effect of the rdt® to vary over time, elicits an
increase in the effect of this variable on yieldsn the second half of the 2000s decade
onward, against the background of growing globébra in capital markets and, in
particular, of the crisis that began in 2608Bhe effect of US interest on yields was 0-0.15
at the beginning of the 2000s but increasedduhegoeriod to 0.2 in ten-year yields and up
to 0.4-0.6 in middle maturities.

A nonlinear estimation reveals that a 1 percentpgmt increase in the public
debt/potential GDP ratio had in the beginning o theriod an upward effect of 0.05
percentage point on ten-year yields and of 0.0B-pdcentage point on shorter maturities,
and that the effect of the debt/potential GDP ratioyields has gathered strength since the
beginning of the global crisis, to 0.07-0.1 to tkepective maturities. An attempt to test a
nonlinear effect of public debt on yields as a aelemcy on the state of the global economy
(the VIX index for US product growth) did not yietdeaningful results. It is possible that
the relatively low level of Israel's public debtnginishes the importance that the markets
attribute, in the short term, to the effect of tiiebal environment on the riskiness of this
debt.

Unlike research that we performed about a decade lagre we find no significant
(positive) effect of the expected (cyclically adp®) deficit and the deficit target on yields.
Examining the effect of the expected and unexpectedponents of IBOI separately, we
find that an expected 1 percentage point chang8@l triggers a 0.6 percentage point
increase in the one-year rate and a 0.2 percempi@igé increase in the ten-year rate. The
unexpected part of the interest rate has an stragffgct than the expected part has. The
analysis shows that much of the decline in shottintg yields in mid-decade traces to
rate-cutting, whereas the decrease in the publit (felative to potential GDP) explains
much of the decline in middle- and long-maturityelgls. Finally, global economic
developments contributed to changes that occumredeids to all terms and at all times,
particularly since the onset of the global crigi2008.

This study has seven parts. Part 2 presents aesimptel for the description of the
factors that affect real yields. Part 3 descrides data; Part 4 presents the estimation
method and reports its outcomes. Part 5 estimagesdntributions to yields and changes in
yields during the estimation period, Part 6 compdre results of this study with those
obtained in a study written a decade ago, andPeonhcludes.

2. The Model

The model presented is based on that of Sarge®O)Ll@xpanded at several levels: an
modification to real yields as against nominal o(ese to the large proportion of CPI-
indexed government bonds in the Israeli market) amdadjustment to the possibility of
partial or full Ricardian equivalence—i.e., thaivate savings will respond to a change in
expected public debt—and of a contractionary effefctfiscal loosening on domestic

2We also examined a dependency of the extent aéffeet of US interest on global yields, with the
American VIX index and change in the MSCI globahghindex as the proxies. The results, howevere wer
usually insignificant.



investment. We allow for the possibility of an effeof risks attributed to the expected
public debt by including this factor in the equasothat describe savers’ and investors’
behavior. Finally, we allow foreign interest ratasl global risk to have an effect insofar as
the economy is open to capital flows.

The transmission of fiscal policy to bond yielddldws two paths. The first path, a
direct one, is the simultaneous effect of the symbland demand for investment sources.
When the public debt is larger (or its savings amealler), the supply of sources for
domestic investment decreases and therefore thee—pthe interest paid on them—rises.
In other words, the larger the government defitie more debt must be raised from the
public; the resulting increase in the supply of dehowers the price of the bonds and,
therefore, raises their yield.

The second path operates by means of consumershaestors’ expectations. When a
present or future deficit grows, the public debteigected to increase; this raises the
likelihood of future taxation and, for this reasonay affect investment and consumption
decisions. The more permanent the deficit is exquetd be, the stronger the effect on the
future debt it will have. A temporary deficit, imtrast, is unlikely to affect the debt much
and, therefore, will not affect yields via thisrsmission mechanism. A larger public debt
also increases the risk of government default. Egumently, the expected public debt
affects the decisions of investors—domestic andifpr—and of savers.

The real yield on government borfgl,) in the money market may be described as

follows:

1) Ruy =R +[Rny — Rl

The first factor in the equatiorR,,,, is the “benchmark” equilibrium interest rate,

which depends on the fundamentals of the econorhg. Jecond factor describes the
difference that may exist between market yields lagnchmark equilibrium yields at some
point in time. The deviation of real actual (majkgtelds from benchmark yields is
influenced by monetary policy and the real shamtatéenterest rate that is derived from it in
accordance with expectations.

Therefore, Equation (1) may be rewritten as:

1) Fin(t) = F%(t) +[Ky +Ky(( Qt) _ﬁ)) + kz”(et)] k>0 k, <0

whereiby is the nominal interest rate set by the centrakles against long-term nominal
rateib, and=® are short-term inflation expectations.

The equilibrium interest rate is determined on basis of investment demand and
savings supply. The investment demand equation b®ywritten in the form of an
“accelerator model,” in which investmehtdepends positively on change in produgt
(see, for example, Mehra, 1994) and negativelynterést. In addition, as described above,
investment may be (positively) dependent on curi@md expected public savings, as
expressed in the expected public debt {IHGf it affects productivity in the economy and
the perceived likelihood of future taxation. Img@ortly, | is investment demand and not
actual investment (which includes involuntary irtwesnt in inventories).



@  ly=0+%AYy + %R, +%DCw ¢,>0 g,<0 g;<0

Private savings (SP) depend positively on inteegst negatively on present public
savings and expected public savings, the latteavloth may be expressed as the expected
public debt. The extent of the effect of preserd &rture public savings on individuals’
behavior depends, as stated, on how “Ricardianirtieiduals are:

@) Fy,=%+sRy +sDGC™y s>0 -1<s<0

Capital inflows (FF) depend positively on the diéflece between the real current
domestic interest rateand the real interest rate abro&d, We assume that capital flows
depend on the prevailing market interest rateatithe, R, and not on the benchmark rate.
We also assume that the economy is not totally dapesapital flows and that, therefore,
interest differentials exceeding the risk premiunaymexist in the short term. If the
economy is completely open to capital flows, domesiterest will equal the rate abroad
plus the risk premium and would not be affectedtlwy other variables. Finally, it is
assumed that the public debt, which affects sogerask, and a risk originating in global
or geopolitical factorsGlobal) will have a negative effect on capital inflows.

4 FR=f(R R+ f,DG™+ fGlobal f,>0 f,<0 f,<0
At equilibrium, the following should obtain:
6) HRKR+G+FR =1,

An equality between savings and domestic investrdentand will set the equilibrium
interest rate. By solving Equation (5) and substity the relations that originate in the
previous equations (and omitting indgxwe get:

(6) R, =a,+a(ib—ib)+a,7z®+a,SG+a,DG*+a.R, +aGlobal +a Ay

where:
a, = (90—50 — f0)+(51_gz)ko a, = (S.L_gz)kl — (S.L_gz)kz — -1
(51+f1_gz) (Sl+f1_gz) (Sl+f1_gz) (S.L+f1_gz)
-1, fy —f; G
QY="—""", ©F=F""" , =, { = — (.
st fi-g,) (8+f-0) (8+fi-0) " (8+fi-g)

The denominator of each coefficient is positivesuse the first two components are
positive and the third one (the effect of inter@stinvestment demand) is negative. Since
capital flows depend on the actual interest rated (rot the benchmark rate), a direct
relation between short-term interest (of the Barfikispael) and the long-term rate is
obtained. Given £0, s:>0, andk;>0, the effect is always positive (or zero).

3 Assuming the existence of purchasing power paripital flows can be expressed as dependencigsabn
interest spreads.



The size and sign @, the coefficient of expected government savingpetid on the
extent to which private savings and investmentardpo a change ia, and the extent to
which the economy risk depends on government savifige more closely individuals’
behavior corresponds to Ricardian equivalencedlbgers; is to -1), the greater the effect
of expected government savings on private savingsttle morea, will offset the effect of
as, the direct effect of government savings on irerates’

The more strongly a decrease in expected publit afédxts an increase in investment
(a larger g in absolute terms), the more interest rates wsk r(or fall less, whemy is
smaller than 0). Conversely, the more a decreasexpected public debt mitigates the
economy risk, the more interest rates will tendatbdue to the increase in capital inflows.
In the estimation that follows, we examine a repnéstion of the fiscal situation by using
the actual expected deficit and, alternativelydudigonally, by using expected debt.

The equilibrium interest rate is positively affattby an increase in output that
stimulates investment demand. A higher foreignregerate is reflected in higher domestic
interest commensurate with the extent of the ecgr®mpenness to capital flows,
represented by coefficient.fAn increase in global risk is reflected in anrease in
interest.

3. Data

a. Real Yield

The magnitude that we wish to explain is the raaldyon government bonds to various
maturities. Figure 1, describing the developmenyiefds between 2001 and September
2013, shows that yields have been declining fomalturities since 2003 but have done so
more steeply to short maturities and much lessemgirely in ten-year instrumerits.

* Alesina et al. (1998) and Alesina et al. (2012erthat, under certain circumstances, the effetht@thange
in public savings may prompt a stronger responsaggfegate demand in the opposite direction. Ateisa
their studies is the total effect on consumptiomded, investment demand, and capital inflows—ndy tire
effect on private savings.

® Table 1 presents the basic statistical charatitavisf the data that we are using.

® Data on seasonally adjusted real yields (that &akeunt of the seasonality of the Consumer Pridex, on
the basis of which coupon is indexed) have beeiladla since 2008. The difference between the aeljus
series and the original one, which we are using nat large and are smaller to longer maturitiésceSthese
data are available only for a small part of thaeenperiod, we omit them in this study.
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Figure 1: Real Government Bond Yield, 2001-2013
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The real ten-year interest level at the end ofptbieod is the lowest, at least since the
middle of the 1980s. The spread between the longita yield and the short-maturity
yield, i.e., the slope, shown on the left-hand sitiBigure 1, widened steadily over the past
decade. This trend emphasizes that different facéfect yields to different maturities at
different levels of strength.

b. Fiscal Policy

In accordance with the model shown above, one negpect the deficit to have a direct
effect on yields due to the government’'s need tseranore money in bond issues. One
might also expect the size of the expected puldit tb affect yields due to its effect on the
risk attributed to the debt and the possible neeidhpose taxation in the future (Ricardian
equivalence). Accordingly, this study examines dispolicy via two main alternative
indicators:

1. The cyclically and seasonally adjusted government deficit to GDP—cycle
adjustment is accepted in the literature because ag the deficit changes in accordance
with the business cycle, such changes are tempaady may not reflect long-term
government policy. Therefore, they should not dfféxe risk premium and the public’s
estimations of its future tax burden. Seasonalifpstment is needed because we wish to
test the data at more than an annual frequencyecause Israel’'s expenditure and tax and
other revenues have a sizable seasonal component.

The use of the cyclically adjusted deficit obviatesat least mitigates, the possibility
of endogeneity in the deficit due to the effecttlud business cycle on deficit size via the
cyclical response of tax collectidn.

" Since yields may be positively dependent on tleevgr rate, a negative correlation between defizi and

interest rates may be found, possibly impairingahiity to correctly estimate the (positive) rédat between
the deficit and yields. The inclusion of chang®itput and short-term interest as explanatory bbegin the
equations that we will estimate makes such a pilisgiless problematic.
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2. The public debt/GDP ratio reflects future government liabilities and theuhet
burden on the publit.Below the debt is examined relative to both acard potential
product?

Figure 2: Cyclically and Seasonally Adjusted Goverment Deficit
in Actual and Potential GDP, Six-Month Moving Average
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The fiscal variables in Figure 2 are shown in sixAth moving averages. One may see
that the debt and the deficit developed similaryiltaround 2009 but afterwards the deficit
rose whereas the debt/GDP ratio flatlined and #gtdeended downward mildly. This
outcome reflects the decline of the deficit to ami@nment supportive of stability in the
debt/GDP ratio and the funding of some of the defic 2012 by means other than an
increase in debf It is also evident that the debt/potential GDRorateadier in 2000—
2006—years of tumult in the business cycle—tharatttaal debt/GDP ratio and was lower
from 2008 onward, when the global crisis left aityivn a relatively sluggish state.

The variable that we wish to include as the soofamn effect on yields is thexpected
government deficit, from which thexpected debt, which also depends on the extent of
permanence attributed to the deficit, is derivedany studies in various countries use
government-published deficit forecasts (e.g., Grudoed Kamin, 2012); Israel, however,
provides no credible data on this parameter atrélogiisite frequency. Therefore, as in
many papers in the literature, we include the fodadeficit or debt—actual data for the
months following the month estimated—as an estinoatihe expected deficit or debt. In
doing so, we assume that the public had the alidifyredict the deficit and debt that came
about.

® The debt is measured in nominal terms, with naistdjent to market prices of bonds and no discogrifn
the debt to on the time of future liability.

° The increase in potential GDP each year was cketilon the basis of the long-term average (si8@d)lof
the increase in per-capita GDP plus the rate otifadion increase that year. An alternative caléorabased
on GDP per capita in main working ages and theahilecrease in this population yields very similasults.
1% For a breakdown of the factors that affect theliputebt in addition to the deficit, see Table B TThapter
6 of the 2012 Bank of Israghnual Report.
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C. Monetary Policy

Since the late 1990s, Israel monetary policy hanbeanaged under an inflation target
regime, principally by means of the interest rage lsy the Bank of Israel (IBOI), which
serves as a benchmark for nominal short-term rates.

Figure 3: Bank of Israel Interest Rate, 2001-2013
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(broken line)
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Generally speaking, the Bank of Israel nominal rete been trending downward since
the late 1990s due to the slowing of expectedtiofia particularly at the beginning of that
period but also afterward, as the downward trendhefreal implicit (“breakeven”) rate
demonstrates (Figure 3J.0ne may notice that the development of the implieal rate
closely resembles the development of the real @ae-ghead yield on government bonds.

d. Domestic activity

According to the model presented, the rate of eean domestic activity affects yields via
its effect on investment demand. Faster growth détes investment demand, abetting
higher interest. In one of the estimations, we attuded the spread between actual and
potential GDP. The underlying trends captured ley\tariable of growth and the variable
that measures the GDP gap are perceptibly simitarthe model estimated, we also
included an indicator of the effect of the secusifpation—deviation of inbound tourism
from its long-term trend—as a proxy for sovereitgk (Figure 4)*3

™ The Bank of Israel has also intervened in theigoreurrency market on various occasions, partityla
after 2008, and in the long-maturity bond marketddrief time in 2009. Here we omit all referenadghese
monetary policy tools apart from including a dumwayriable in the estimation for BOI's interventiam the
bond market.

2 The use of this term here is not accurate becasssubtract inflation expectations to the comingryfeom

the nominal Bank of Israel rate, which is set fbe tupcoming month. However, it is a good enough
approximation to describe the trend in recent years

¥ For an example of the use of this variable asrarebfor the security situation, see Mazar (2013).
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Figure 4: Indicators of Domestic Activity, 2001-9.213
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e. The Global Environment

Israel is a small economy that is open to bothetraad capital flows. Therefore, one would

expect the global environment—real and financialHave a direct effect on the
development of Israel yields beyond its effect @BP growth and monetary policy. This
effect is included in the model presented andstetkin the empirical analysis that follows.

The data in Figure 5 emphasize the effect of tidajl financial crisis on real global

activity and global financial indicators, i.e.,

effect on the domestic capital markets,

acatease in the global MSCI share index and
an upturn in risk as measured by the VIX index.cBigields abroad have a considerable

it alsmmdsato reason that they will affect

government bond yields. The estimation that follomgdudes the VIX index as an indicator

of the global environment.

Figure 5: Global Environment Indicators, 2001-9.203
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US Treasury yields to various maturities are usedura indicator of risk-free yields
abroad. For the real ten-year yield, US ten-yearifidexed Treasury bonds provide data
for the entire research period. Since there aréndexed bonds to shorter terffswe
estimate real yields on one-year, three-year, ardyear US instruments by subtracting
from the nominal yield the change in the US coré f0Pthe past relevant term (one year,
three years, five years) to get an estimate of @epanflation in coming years.

Real US vyields are typified by a downward trendt tfemtures stronger downward
volatility for shorter terms. Since 2008, the ingglireal yields to 1Y and 3Y have been
negative; since 2012, real yields to longer termsehbeen negative as well. Unlike
developments in Israel (Figure 1), the spread batvibe real ten-year yield and the one-
year yield (Figure 6, left side) is typified not By upward trend but by acute volatility and
no trend whatsoever.

Figure 6: US Real Yields to Various Terms, 2001-2003
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4. The Estimation and Its Results

a. Estimation Method—Nonlinear Effects

Our estimation framework is constructed in a wagt thllows some variables to have
nonlinear effects on real yields. In particular, mweestigate the possibility of the existence
of such effects for fiscal policy, in accordanceéhafindings in the literature, and of foreign
interest because the openness of Israel’s econowhythee global economic environment
changed markedly during the sample pefibd.

Terasvirta (2004) proposes the specification okstimation equation that allows the
explanatory variables to have nonlinear effectse Tormulation accomplishes this by
making the effect of these variables on the dep&ndariable depend on the value of
another variable, including the time variable. Thneposed method reveals, via estimation,
changes in the effect of the examined variable taedspeed in which the change occurs.

1 For real five-year yields, data have been availabice 2003.

'31n a previous draft, we also tested for a nonlireftect of inflation in the behavior function dfet Bank of
Israel. The effect was found to contribute litibethe estimation of bond yields and is omitted here
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Unlike the threshold approach, in which the chamgeffect takes place stepwise in the
magnitude of the effect at a given poifita gradual change is possible here and its
graduality is estimated as well. This approach,wkm@s Smooth Transition Regression
(STR), is briefly described below in accordancenvierasvirta (2004).

The model may be written in general as follows:

@ Yi=m% +(6+6G(y,c8))z, +u, t=1.T

wherex is a vector of explanatory variables ant a vector of the explanatory variables
for which we wish to allow nonlinear effects, 0, and ¢ are vectors of coefficients.
u, ~iid(0,0%) are the residuals. The transition functidd(y,c,s), is a function of the

transition variables. y is the slope variable ards the location variable. Namely, the effect
of z depends on the value of variakland the rate of changes in the coefficient depends
ony. Generally speaking, ¢ may be a vector, meaniagttte effect of z changes more than
once.

It is conventionally assumed that the variance tioncis a general logistical function
from the following form:

(8) G(;/,c,s):{1+exp{—7ﬁ(s[—ck)ﬂ ,7>0

Although this general formulation allows for K ptsnof change, it is customary and
reasonable to assume K=1 or K=2. Whe®, function G is constant and the model
becomes a simple linear one. When» « , function G tends to 1 and a one-time threshold
switching model, from coefficient to coefficiento +¢, is obtained.

Variable $ may be one of the variables includedzjralternatively, it may be the time
variable or any other variable. In other words, #iee of the effect of variablg ony
depends on the value of another variakl&his formulation of nonlinear effects by means
of the STR framework recurs in many studies in digalisciplines. We mention only a few
of them, such as Noggueira and Leon-Ledesma (2019, use the method to examine
nonlinearity in the transmission from exchange tatprices in Mexico. They find that the
more unstable the economy is, as expressed in &xech-US interest spreads, the stronger
the transmission will be. They explain this by isigitthat businesses are willing to absorb
less of an increase in costs and a blow to prafityaln a riskier environment.

Bredin, Hyde, and Reilly (2009) investigate nondéineffects of the macroeconomic
situation on share prices in six countries. Thédaglsituation, reflected in the MSCI global
share index, expresses the relation between mamroetc and financial variables, on the
one hand, and share prices, on the other. Gerlaghhewis (2013) use the STR method to
examine the European Central Bank’s near-zeroaasteanonetary policy before and after
the financial crisis and ask whether the effectshef variables that determine interest—
product, inflation, money supply, and exchange—+atkanged in response to the crisis.
Using time as the transition variable, they finccteange in October—November 2008,
immediately after the Lehman Brothers collapse cedunterest smoothing from almost 1

16 See, for example, Ardagna, Caselli, and Lane (R004
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to 0.7. Alternatively, using a transition varialtleat represents the difference between
actual GDP and the GDP trend as a proxy for thee stheconomic activity, they obtain
similar results.

Linearity check: before formulating the detailed nonlinear modek onust determine
whether a model that deviates from linearity isdegeat all. For this purpose, Terésvirta
(2004) proposes to test the linearity hypothesiairey a model that includes Taylor
expansion to the third degree:

3 B i *
@ Yi=Bezi+ Y Bizes! +u, t=1.T
=1

If z; is a partial vector of z and is assumed to beineat, the null hypothesis will be
H,: B, =5, =p,=0. Since under null hypothesig = u the statistical test has an

asymptotic distribution of* with 3m degrees of freedom (m = the number of variables fo
which nonlinearity is checked), the use of disttitm F~(3m,T-4m-1) is recommended for
small samples.

We checked for a nonlinear model in which both mublebt and US interest are
multiplied by the time variable. Ultimately, thisrmulation was found the most suitable for
describing nonlinearity (Table 5); and found thia¢ hull hypothesis (linearity) may be
rejected at a high significance level for yieldstoterms.

Estimating the parameters: the parameters of the STR model are estimated by
maximum likelihood. Whert and y are given, the model is linear in these paraméfers
Therefore, one may construct a grid of ¢ andvalues and, for each pair, estimate the
equation or equation system, and select the pair that yields the minimum sum of
squared residuals (SSK).

b. Bank of Israel Interest Rate Equation

We use the Bank of Israel interest rate (IBOI) ggaxy for the effect of monetary policy
on yields. This rate is expected to affect bothrishamd longer- maturity yields because it
affects the short-maturity yields of which the lemgturity yields are composed. In
addition, the more permanent the current monetaligypis perceived, the more likely it is
that it will strongly affect yields to longer matiies. As a preliminary stage, we estimate a
simple equation to describe IBOI in order to digtish between the expected and
unexpected parts of the interest policy and tovas&ther each of these components affects
yields differently. The use of an estimated intemage alleviates concern about interest
endogeneity, i.e., the possibility that the exptana variable is influenced by the
dependent variable, long-maturity yields.

7 Seemingly, one could also estimate ¢ an@long with the rest of the coefficients in a rioear system.
Van Dick, Terasvirta, and Franses (2002) noteithaery hard to obtain an accurate estimatg jatherefore,

it may seem insignificant. Accordingly, one maydfia grid approach to the preliminary estimatiory aind c

in some studies that use the STR method.

'8 Since it is a system of equations that is beirtimesed, we test for the ¢ and values that yield the
smallest possible RMSE of each equation, givensdmae y andy values for the other equations in the
system.
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IBOI is affected by domestic and global econominditions generally and by activity,
the inflation environment, and foreign interesttigaitarly. To identify the effects of these
economic factors on IBOI and, in turn, on yieldg, @stimate an interest behavior equation.
This is done to describe the actual behavior oflIB@d the factors that influence it, and
not to specify BOI's tastes or utility function.

By estimating the equation, one may distinguisiwbenh the expected interest level,
the one elicited by the estimated equation, and'sbeprise”—the residual of the interest
rate estimated. One may include each of these alsmseparately and examine its effect on
real yields. In addition, by describing IBOI vieetlfiactors that affect it, we may attribute
their direct and indirect effect on real yields éoonomic factors other than monetary
policy. For example, we may distinguish between dstia effects on interest—inflation
and activity—and effects of foreign provenance amdmine the indirect effect of these
components on real yields to longer maturities.

IBOI is determined in accordance with economic c¢ows. In the accepted
formulation, it is dependent (positively) on thevidgion of inflation or inflation
expectations from their target and (positively) thg level of activity or the deviation of
this level from a state of full employment. Sin8©Ill does not tend to change sharply , it is
also conventional to include the lagged rate ireotd express the tendency to gradual rate
adjustments (“interest smoothing”). Furthermoracsilsrael is a small and open economy,
an overly wide spread between domestic and glaottatast rates will trigger large capital
flows and abrupt exchange-rate changes. Therebmee may also include foreign interest
as a factor that policy bears in mind in setting thterest rate. Beyond its direct effect
through the medium of the capital markets, forergarest may indirectly affect real yields
to various terms via its effect on determining IB®e also attempted to include in the
IBOI equation the deviation of the government defiseasonally and cyclically adjusted)
from the average during the estimation period. Hexewe found that even though the
effect of this factor is significant throughout teample period, it is insignificant in the
estimation of a partial sample starting in 2003erEffiore, the formulation we preferred
omits the government deficit. The domestic out@n gnd short-term US interest are rather
strongly correlated, at 0.5. Therefore, the indosof the US rate renders the effect of the
product gap on IBOI insignificant. Nevertheless, al@se to use the formulation that
appears in Column (2) of Table 2, which includethiibe domestic product gap and the
US interest rate.

To determine whether the intensity of the effectliffierent variables on IBOI remains
stable across the sample years, we estimated a-gewe rolling regression that includes
the explanatory variables in the specification tiygtears in Column (2) of Table"2.

Figure 7 presents the results for the short and terms?® The effects of US interest
and the deviation of inflation expectations fronmmget are significant across the entire
sample; domestic activity, in contrast, is sigrafit mainly in early samples. Examination

9 We also checked for a formulation that includeseffect of the government deficit on yields andrfd
that its inclusion weakens the effect of the pradjap for some periods.

2 Namely, the effect of the explanatory variables|uding their indirect effect of via lagged 1BQlhe
indirect effect includes a dynamic calculation dotwelve-month period that reflects the presendaef
lagged interest rate in the Bank of Israel interat equation.
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of the coefficients in the long term stresses tloegdase in importance of the deviation from
the inflation target in the early 2000s and thestéecrease in its coefficient afterwards.

In estimating real bond yields, we include sepdyatee expected part of IBOI, that
elicited by the estimation, and the residual (ueexgd). To reflect the surprises that
occurred in policy, we estimated the equation with@ferring separately to the aberrant
interest changes that took place in late 2001. Tthes surprises are expressed in large
deviations at these times (Figure 8).

Figure 7: Rolling Estimation of Bank of Israel Interest Rate
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(o} Linear Estimation of the Factors that Affect Gexnment-Bond Yields

Before testing whether the intensity of the relasiahat explain real-yield behavior varies
over time, we estimated a system of linear equationone-year, three-year, five-year, and
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ten-year yields using the Seemingly Unrelated Resgoas (SUR) method, which takes
account of the possibility of a correlation amohg teviations of the four equations in the
systent The equations were estimated for the period siti the beginning of 2001 and
ending in September 2013. We began the estimano2001 because the long-term
inflation target of price stability, defined as annual inflation rate of 1-3 percent, went
into effect that year. The results are shown inl@sB and 4.

The change in GDP, IBOI, and inflation expectatjothe real yield on US Treasury
bonds, a fiscal variable, the American VIX indexamsindicator of international financial
risk, and a deviation in inbound tourism from tbed-term trend as a proxy for change in
the security situation were included in the equetian accordance with the theoretical
model presented. Also included was a dummy vari&tnehe period from February to
August 2009, when the Bank of Israel intervenethenbond market.

The Bank of Israel interest rate (IBOI) was included and deconstructed into an
expected part, based on the foregoing estimatiwhaadeviation from the expected interest
rate—the policy surprise. The estimation shows thateffect of expected and unexpected
interest is significant to all terms and that tbader the term, the less intensive it is. Its
effect on the expected interest rate, the part dbase the estimation, is (significantly)
smaller than its effect on the interest surprise.

The effect of fiscal policy,according to the foregoing model, may be refledtethe
effects of both the deficit and the expected dektcordingly, we tested various
specifications that included public debt relativeepected potential GBPin the coming
six month§® and the cyclically adjusted government deficit.eTdeficit may have a
concurrent effect on yields due to its influencetbe government’s funding needs at the
time; additionally, it may have an effect of a miaggle that varies in tandem with the
extent of permanence attributed to it. The estithatéect of the deficit relative to that of
the debt may allude to the extent of permanendeidtettributed to changes in the deficit.
The more permanent a change in the deficit is perdethe more strongly it will affect the
expected debt, i.e., the closer it will be to 1d&icit perceived as temporary will probably
have little effect on the expected debt. (See Begn2i009, and reference in Baldacci and
Kumar, 2010.)

The estimation presented in Tables 3 and 4 andiedal specifications that include
different versions of expected or past deficitg, stiown in the tables, show that the public
debt provides a positive and significant explamafmr yields, whereas the inclusion of the
deficit does not deliver good results and sometiaguires a negative sign in the short
run, contrary to expectatioA$This outcome may indicate that the public learfrech its
experience in 1997, 2002-2003, and 2009 that eveenvbudget deficits balloon, the
government takes corrective action against themteadly; therefore, large deficits do not

2L A Breusch-Pagan test for a correlation among éséduals was found to be significant at a 0.00 gerc
level. Thus, the hypothesis that the residualsxarecorrelated among the equations may be rejected.

% The results for the debt/actual GDP ratio arelaingind are not shown here.

% The use of expected six-month-forward debt instehéxpected one-year-forward debt allows for the
inclusion of more observations in the estimationhwio major change in the values of the explanatory
variable.

2 Alternatively, we attempted to include the undiedydeficit (net of interest payments) as an exgiary
variable. Since the underlying deficit is closelyrrelated with the total deficit, however, this rfarlation,

like the other alternatives, did not yield bettesults.
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imply that the debt/GDP ratio will continue to risethe long run. Similarly, when deficits
were unexpectedly small—in the early 1990s, in 2@0@ in the middle of the previous
decade—the government adopted programs that paséedup.

The signs of the coefficients of the other variaktethe equation that includes public
debt are as expected. Thus, a positive change iR G& an upward effect on yields
whereas a wider GDP gap exerts a downward effeéghieh inflation expectations lower
real yields (with the effect of IBOI, included ihe equation, taken as a given); an increase
in the US vyield to a given term tends to raisedbenestic yield to the same term greater
global risk and a worsening domestic security sibmaalso tend to raise yields; and the
dummy variable for Bank of Israel intervention hetmarket has no significant effect on
short-maturity yields but unexpectedly acquire®sifpve sign in long-maturity yields.

Examination of the residuals of each of the equatim the system by means of a
Dickey-Fuller test shows that the hypothesis thaytare non-stationary may be rejected.

Rolling regression:to examine the coefficients of the linear estioratof the yields,
we ran a rolling regression covering eighty-fournting (seven years). The results are
shown in Figure 9.

Figure 9: Rolling Regression for Yields
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It may be seen that changes in GDP have a posiiyeficant effect on only some of
the yields and during part of the period; the dffet IBOl—estimated and predicted—
becomes somewhat stronger during the period. Tieetedf the public debt is positive and
significant throughout the period and gets strongehe samples that begin in mid-decade.
Variables relating to abroad are usually signifteathe effect of US interest gets much
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stronger from 2005 onward whereas that of the MVtdex is relatively constant. The
security situation is meaningful only in the figgrt of the sample. In regard to some of
these findings, we test below, as part of the meli estimation, the possibility that the
public debt and US interest have varying long-teffacts on real government-bond yields.

d. Non-Linear Estimation of Yields

On the basis of the results of the rolling estiommatacross subperiods, we used the STR
approach to test whether the effect of the fisaiable and foreign interest on yields
depend on the state of global activity or on longtumity variables. In preliminary attempts,
not presented here, we also asked whether a gliskatffect, measured on the basis of the
American VIX index or of other indicators of theoghl economic environment, e.g.,
change in the MSCI global share index or the US @Biwth rate, might modify the effect
of public debt or foreign interest on yields. Thesults obtained were neither meaningful
nor significant. However, the inclusion of the timariablé® as an indicator of long-term
changes in the global environment, particularlgmafhe crisis period, and of changes in the
Israeli economy’s relations with the rest of theridadue to its being opened to capital
flows, yielded significant results showing consal#e intensification of the effect of
foreign interest and other public debt on yielé&sembling the upturn observed when the
linear rolling regression was run (Figure 9). Alher variables in the estimation that have
only to a linear effect were included. The resoltgshe estimation using this specification
are shown in Table &,

Effect of the public debt: studies abroad (e.g., Jaramillo and Weber, 20d@yghat
when the evaluation of risk abroad rises, the fisitation has a stronger effect on
government-bond vyields. The sovereign debt of figdaetter-off countries is in greater
demand at times of general global risk becauseisheattributed to high-debt countries or,
conversely, the “confidence” attributed to the b®md countries that are in better fiscal
shape, is more meaningful at such times.

Again using the STR method, we checked for theipih$g that the intensity of the
effect of public debt on government-bond yields etefs on the global environment. For
the period checked, starting in 2001, significaagutts were not obtained. An increase in
the American VIX index, an accepted metric of th&k rthat financial market players
attribute to the markets, does not amplify the affef the public debt significantly. A
positive change in the MSCI index, which mirrore thehavior of the global equity
markets, mitigates the effect of the debt—but neaningfully?” An attempt to include the
deficit as a multiplying variable that affects tetent of the response to yields to debt did
not elicit significant result&®

% The time variable receives the value of 0 on fiisservation (January 2001) and the value of lash |
observation (September 2013).

% When the system of equations with only one noalireffect—of interest rates or of the fiscal valgéab
was estimated, the effect obtained for each ofetlvasiables did not change. The estimation inclydioth
nonlinear effects improves the explanatory powehefequations slightly.

2" The CDS premium—the risk premium priced into goweent bonds—provides an indication of a specific
sovereign risk to Israel. However, since CDS exastly since August 2004, it cannot be used forydsars in
our investigation.

2 An attempt to include the level of debt as a \@eahat multiplies the level of the deficit alsailéd to
deliver reasonable results.
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The inclusion of the time variable (on a 0-1 scals)a factor influencing on the
intensity of the relation between public debt arelds revealed a meaningful upturn in the
effect of the debt in the second part of the permdinly after 2008. The effect of public
debt (relative to potential GDP), which ranged frOrfor short-term yields to 0.05 for the
ten-year yield in the first 2000s decade, climbe®.07 for short-term yields and to more
than 0.1 for ten-year yields after 2009 (Figure. e effect obtained at the beginning of
the period resembles, qualitatively, that obtaiimedtudies abroad. The effect found at the
end of the period, however, exceeds that obtainestudies abroad, which relate to an
earlier period and make no provision for a chang¢he effect. Evidently, the effect of
public debt on yields is not sensitive to shortrt@hanges in the global risk indices due to
its relatively low level. The overall change in tlg@bal environment after the crisis,
however, caused the debt's effect on yields tceamss.

Figure 10: Effect of the Government Debt/PotentiaGDP Ratio
on Yield as a Function of Time
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The effect of US interest:similarly, we found that the effect of US interest local
yields intensified in the second part of the pertodall maturities other than one-year
(Figure 11). The effect of short-term interest be bne-year yield is around 0.1 but the
effect on longer maturities ballooned from clos@®tm the first half of the 2000s to 0.15—
0.3 in recent years.
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Figure 11: Effect of US Interest on Yields as a Fution of Time
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The effect of monetary policy:the results obtained resemble those obtained addec
ago by Ber, Brender, and Ribon (2004). As expectB)I| affects short terms with
coefficients of 0.5-0.6, but it also has a sigaific0.2 effect on the ten-year yield, largely
reflecting the effect of policy on the short segtnafthis yield. (Below we also examine an
effect on forward yields.) This outcome also resksthat presented by Kahn, Kandel, and
Sarig (2002), who use a VAR system to estimateeffext of a change in IBOI on nominal
and real sovereign yields to one-year, five-yead ten-year maturities and on inflation
expectations as derived from the capital markdts. 8ifect they find is 0.4 on the real one-
year yield, with a smaller increase in the nomigedlds and a decline in inflation
expectations. Kahn, Kandel, and Sarig also find eaker effect on yields to longer
maturities.

According to the estimation, unexpected interest, surprises in monetary policy, has
a positive and significant effect, its coefficieamceeding that of the expected part of the
policy. Inflation expectations have a negativelyngid effect, suggesting that one may treat
them as approximating the effect of the real irgerate, “derived” from monetary policy,
on CPIl-indexed yields.

Another variable that affects real yields is changeGDP (in the past half-year), with
a coefficient of 0.3 on yields to various matustié The 0.01-0.02 coefficient with the
VIX index is reflected in the addition of 0.4 pentage point to the upturn in the short-
maturity yield and of up to 0.8 percentage pointlanger-maturity yields, due to the
increase in the index from 20 on average beforeldatee2008 crisis to 60 afterward. A
downward deviation in inbound tourism from the tteaur proxy for the security situation,
has no significant effect to most maturities. Thendhy variable for the Bank of Israel’s

2 The equations accommodate the GDP variable ifotine of a monthly mean. In terms of the annual tdte
change (multiplying by 12), the coefficient obtadrie 0.03.
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intervention in the bond market in 2009 manifesta negative effect on the one-year yield
and an insignificant effect on yields to longer undtes.

Comparing the nonlinear and the linear specificetior goodness of fit, we found a
major improvement in the overall fit, particulartyrecent years. The error across the entire
sample, reflected in RMSE, declined from 0.3-0:38hie linear estimation to 0.25 in the
nonlinear one. Figures Ala and Alb in the Appenliisstrate the improvement in fit in
recent years by juxtaposing the estimated valu#s aditual yields.

e. Estimation of the Factors that affect Forward éfds

To better understand how fiscal and monetary padiaiffect yields, we also tested forward
yields. Following the approach in Ber, Brender &idon (2004), we calculated forward
yields using the Expectations Theory. This apprga@sumes that the long-maturity yield
reflects an average of the expected yields todhsdrd short term, meaning that the long-
maturity yield can be reduced to its short-matucdynponents. More explicitly, one may
write the yield at time t on a bond to n periods as

(10) (1+ rt ) = 11(1—'_ Et I’t+i—1,t+i ) + 9

Jg+n
where0 is the term premium. The forward yield betweemtérk and term t+n, assuming a
zero term premium, is calculated as:

ar rt,w)“}%“)

(1+ r.t,'(+k)k

(ll) (1+ r"(+k,t+n) = [

We chose to calculate forward yields to 1-3 yenes, (for years 2 and 3), 3-5 years,
and 5-10 years. The results (Figure 12) show a edadecrease in short-maturity yields
that declines in intensity as the term is prolongéde forward yield for years 5-10
declines a little, from 5 percent to 3 percent, ighas the one-year yield plummets to
around zero (Figure 12).
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Figure 12: Forward Yields, 2001-2013
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We estimated a system of equations for forwarddgiein both linear and nonlinear
versions, that parallels the system estimated dtal tyields. The results obtained for
forward yields correspond qualitatively to thosethie estimation of total yields. For both
forward and total yields, it was found that the #ioear estimation improves the quality of
fit, particularly in recent years. (See Figures A&2a A2b in the Appendix.)

An important finding is that IBOI significantly af€ts the medium term—up to five
years—as well. To the longest term, 5-10 years.esismated effect is insignificant,
whereas the unexpected portion has a relativedyelaignificant positive effect of 0.16.

It was found that the effect of fiscal policy, misited in the expected ratio of debt to
potential GDP in the coming half-year, is greatefarther maturities and significant to all
forward maturities. Much as in the estimation dalgields, the effect of the debt on these
yields has increased considerably in recent yédrs. effect of US interest on domestic
forward yields also grew in the second half of peeiod to all terms except for one year, in
which it was 0.2 across the entire period (Figuge 1

The rest of the results obtained resemble thosairsat in the estimation of total
yields. The rate of change in GDP has a posititecebn forward yields; the GDP gap has
a negative effect. An increase in the VIX index toimutes to an increase in sovereign
forward yields. The effect of a dummy variable Bank of Israel intervention in the bond
market in 2009, which was negative or insignificdat total yields, is positive and
significant for longer-maturity forward yields, uqeectedly.
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Figure 13: Concurrent Change in the Effect of US Iterest and the Government
Debt/Potential GDP Ratio on Forward Yields
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Checking the stationarity of the residuals of teeneated value from the actual data in
the estimation of forward yields, to all maturitigsvas found—as in the estimation of total
yields—that the hypothesis that all of them arg@ t@not be rejected.

5. Estimated Contributions to Real Yields and ReaYield Change

a. Contribution of Fiscal and Monetary Policy

The non-linear yield estimates may be used to Gkeuhe estimated contribution of fiscal
policy and monetary policy, as represented in tgagons, and of the other explanatory
variables.

We chose to decompose the direct effect of the amgbbry variables into four
groups—fiscal policy, monetary policy, the domestionomic environment, and the global
economy—plus the unexplained residual. To teseftfext of the two policies, the analysis
here includes only their direct effects. Thus, éffect of foreign interest in the analysis is
the direct effect of this factor on yields; its exft on monetary policy and, through this
mechanism, on yields is excluded. Farther on, s¢epattention is given to the effects of
domestic and global factors, including their indtreffects.

The effect offiscal policy includes that of the expected public debt. Theafof
monetary policy includes IBOl—the expected rate according to teeneation and the
unexpected portion—and inflation expectations. €ffect ofreal activity is reflected in
the effect of change in GDP together with that efidtions from the inbound-tourism
trend, which serve as a proxy for the securityasian® The direct effect of thglobal
environment includes the real US interest rate to the corredimgn maturity. What
remains is the residual that none of these faegptains.

% The contribution to yield of deviations of inboutsrism is about one-tenth of the contributionthod
change in GDP.
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Contribution to Total Yidds

To examine the contribution of fiscal policy, mcewst policy, real activity, and the global
economy, to changes in yields, we divided the ingagon period into three subperiods.
The first subperiod, from 2001 to the end of 200&s typified by relatively large
government deficits and debt and also high nomaral real short-term interest rates
(derived from Bank of Israel policy). In the secorsibperiod—2004-2007—the
government deficit and debt began to decline amdribminal Bank of Israel rate was
around 5 percent. From 2008 onward, the governmeftit rose again but in a manner
that allowed the debt/GDP ratio to remain stable law. The dominant factor at this time
was the effect of the global financial crisis thabke out in late 2008. Figure 14 presents
the results.

It may be seen that monetary policy made a majotribmution to changes in yields in
most subperiods and that, as expected, the effast stronger to shorter maturities.
Between 2004 and 2007, as the debt/GDP ratio adattdrom nearly 100 percent to 75
percent, fiscal policy had a powerful effect on tdewnward movement of yields,
particularly in long maturities. The effect of fadcpolicy also remained strong in recent
years due to the increase in its coefficient.

Figure 14: Contributions to Change in Real Yields2001-9. 2013—in
Three Subperiods
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Of the total decline in yields during the ten-ypariod—from a high of 4.9 percent on
average in 2003 to 1.6 percent on average in 20t8ugh September)—the decline in the
GDP-debt ratio explains around 2 percentage polBS] another 0.8 percentage point,
and real activity and global activity a mere 0.iggatage point each.

26



b. Contributions of Global and Domestic Factors

The total effect of the explanatory variables oglds may be decomposed into the effect of
global factors, exogenous to the Israeli economy, that of domestic factors—real and
monetary policies and developments. Since we asmate (in a preliminary equation) the
factors that affect monetary interest, the expentedetary policy, which is included in the
yield equations, may be represented by the fadtwas affect it. These factors may be
decomposed into domestic factors—inflation andvagt—and one global factor, US
interest?

The division of the period into three subperiodsesds the salient contribution of
domestic factors to long-maturity yields in 200462@nd in the last subperiod. The global
factors affect changes in yields in all three sulmgls and to all terms.

Figure 15: Contributions of Domestic and Global Fators to Changes in Real
Yields, 2001-9. 2013—in Three Subperiods
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6. Comparison with Results Obtained for 19912001 Data

Ber, Brender, and Ribon (2004) tested the effecfismfal and monetary policy on real
government bond yields in 1991-2001 by estimatingystem of linear equations that
included variables similar but not identical togkan the current estimation.

31 The Bank of Israel interest equation also inclutdeged interest; therefore, one must also refatthe

factors that affected the setting of the interagt in the past. Since the coefficient of laggedrast is close
to 1 (0.925), the effect lingers for many period& chose to insert the lagged effect of the gldbetors to

twelve periods back and to assign all the resthef (measured) residual to domestic factors. Thithode
yields an underestimate of the effects of the dlfdxztors on interest and, in turn, on yields.
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The main difference between the studies is theogerkamined. The estimation period
in the earlier study was mainly the 1990s, endmgd01; that in the current study begins in
2001 and ends in 2013. The main characteristitBeoperiod examined in the earlier study
were an upward trend in real yields, a volatile gyowment deficit of around 4 percent of
GDP, and a perceptible decrease in the debt, mastlye beginning the period, to around
80 percent of GDP. Monetary policy during mostlo$ time was typified by rate-hiking to
as much as 5 percent. These differences asideh#racteristics of the Israeli economy and
its relations with the global economy were veryfadént from those in the present study.
The domestic financial markets are much more firmyegrated into their global
counterparts now, for reasons including the elimmamaof supervisory restrictions and the
impact of global developments—technological ancepththat strengthened relations and
correlations in developments among markets arobadgtobe® Consequently, domestic
policies also became more dependent on global deweints and policies—particularly
monetary ones—abroad. The research period in theept study captures the global
financial crisis that began in 2008, an importaattér in the development of markets
around the world, including Israel's, and in it$eet on policies involved at home and
abroad.

In both the 2004 paper and the present one, it faaisd that fiscal and monetary
policy affected real government-bond yields to ¥laeious terms. The main variables that
characterized fiscal policy in the 2004 study, hesve were the government deficit and
deficit target; in the present study, in contrésg, public debt was found to be the variable
that best describes the effect of policy on yieldkad a significant effect to all maturities;
the effect of the deficit was not significant. Tpeblic appears to have learned during the
intervening decade not to make too much of the gowent’s multiannual deficit targets,
which are repeatedly revised (Bank of IsrAehual Report for 2012, Chapter 6), and to
changes in the cyclically adjusted deficit, sinuis parameter fluctuates within a relatively
narrow band and quickly re-converges after anyat®n. For this reason, the debt/GDP
ratio, which reflects both the long-term policyrtdeand the future payback burden, is the
variable that has the steadier effect.

The effect of monetary policy, represented by tlamlBof Israel interest rate (IBOI)
less inflation expectations, remained strong ingbeeod investigated in this study, and the
strength of its effect on yields to the various unéies—past and forward yields alike—
remained basically unchanged. In both studies, taopepolicy was found to have a
significant if small effect on forward yields toriger maturities. Such was the case even
though the inflation environments in the two stgdwere markedly different—price
stability today as against the earlier period, Wwhwas typified by disinflation attained
through the central involvement of monetary policy.

An important difference between the periods is strength of the effect of real US
interest. In the earlier study, which included dgpeto 2001, this effect was significant only
when it was included, starting in 1998, and waatnetly weak. In the current study, its
effect is significant and stronger for all termseflecting the growing integration of the
Israeli economy into the global markets. It wa®dtsind in the current estimation that the

32 See Table 7C.1 in Chapter 7C of the Bank of Iskaalial Report for 2013.
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variables that reflect the global environment, sashhe risk index (VIX), affect domestic
yields. This index was neither included nor testethe earlier study.

We re-estimated in the current study, the systeegohtions as it was specified in the
previous studyusing a seven-year rolling regressiarting in 1995° The main
specification of the earlier estimation includedOIBless inflation expectations, the
expected government deficit, change in GDP, USrastefrom 1998 onward, the deficit
target, immigration flow, and the dependent vagabt a lag. The results remained
basically the same.

The effect of the Bank of Israel’s short-term ietgrrate on yields to various maturities
has grown over the years. Conversely, the effeth@fgovernment deficit (first line on the
left) is insignificant in the later segment of tbemple to most terms, including the ten-year
estimates. This contrasts with the findings of #aglier study. The effect of the deficit
target is insignificant in most of the sample, iderms. One may also see that the effect of
US interest gathered strength and became signifioathe later samples, as the domestic
economy opened up and the global crisis unfoldegli(E 16).

Figure 16: Coefficients in Rolling Regression (She1Term)
as Formulated in the 2004 Study, 1995-2013*
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*The years refer to the time at which the estimasample began. The
coefficients relate to the short term (irrespectofethe effect of the lagged
dependent variable).

% n the earlier study, the estimation began in Aidi991. Revisions of the National Accounts deifini
limit the present study to an estimation beginnm@995.
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7. Conclusion

This study examined the effect of domestic fiscal enonetary policies, economic activity,
and the global environment on the real yields ofdk government bonds to various
maturities in 2001-2013, using an estimation tegpmaithat allows variables to have a non-
linear effect. In practice, fiscal policy and fageiinterest were indeed found to have non-
linear effects on yields.

It was found that fiscal policy, proxied by theioabf debt to potential GDP, affected
yields; furthermore, the effect intensified as mmigyulengthens and as the investigation
period proceeded. At the end of the period, a Tgrgage point increase in the public
debt/potential GDP ratio added 0.12 percentaget foitten-year yields and 0.05-0.1 to
yields to shorter maturities. Until the global finegal crisis, the effect of the public debt
was around 0.05 on long-maturity yields and 0.003-@ shorter maturities, much like the
results obtained in other countries. The non-linestimation allows for a change in the
effect over time with no need to set a breakingnpimi advance.

Unlike the study performed a decade ago, we fincefiect of the expected deficit
(cyclically adjusted) on vyields. This may indicatieat the public, learning from its
experience in 1997, 2002-2003, and 2009, knows ¢lah when the budget deficit
balloons, the government will take corrective attwathin a certain time and that when the
deficit sinks to low levels, it will face upwardgssure, as happened in the middle of the
previous decade. Therefore, one cannot infer froemges in the deficit that the path of the
debt/GDP ratio will change commensurately over time

We found that monetary policy has a positive effattyields to all maturities—from
0.6 to one year to 0.2 to ten years. The “surpredefnent in monetary policy (the part not
explained by the IBOI rate equation) has a stroraffact than the expected (estimated)
portion. The direct effect of US yields on mediuanrd long-maturity domestic yields
increased from 0-0.1 in the first half of the poes decade to 0.1-0.4 in recent years. In
the interim the domestic economy was opened taalajows and the correlation among
markets around the world became stronger, partigulduring the global crisis. An
increase in global financial risk, proxied by thenérican VIX equity market index, abets
an increase in domestic yields. The analysis shbafsthe decrease in monetary interest
explains much of the decline in short- and midditumty yields that occurred in the
middle of the decade, whereas the decrease inulbleclebt/GDP ratio explains much of
the decline in long-maturity yields. Finally, it feund that global factors made a major
contribution to changes that occurred in yieldaletimes and to all maturities.
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Table 1: Basic Statistics, 2001-2013

Mean S.D. Minimum | Maximum
Domestic yields
1Y CPI-indexed govt. bond yield 2.1 2.2 1.1 6.6
3Y CPI-indexed govt. bond yield 2.4 1.9 0.7 6.3
5Y CPI-indexed govt. bond yield 2.8 1.6 0.1 6.0
10Y CPI-indexed govt. bond yield 3.4 1.2 1.4 5.9
1Y-3Y govt. bond forward yield 2.6 1.7 0.7 6.1
3Y-5Y govt. bond forward yield 3.3 1.3 0.7 6.0
5Y-10Y govt. bond forward yield 4.1 0.8 2.6 4.0
Macroeconomic variables
Nominal Bank of Israel rate 4.0 23 0.5 9.5
Inflation expectations 1Y ahead (from capital m#érke 2.0 0.8 0.7 4.5
Seasonally and cyclically adjusted deficit (pctGidP) 2.9 3.1 6.3 13.2
Government debt (pct. of GDP) 81.9 10.1 69.0 100,
Monthly change in GDP (6-month avg.) 0.3 0.2 0.5 0.8
Actual/potential GDP gap (pct.) 2.8 2.4 5.8 8.2
(Log) deviation of inbound tourism from trend 0.1 0.3 1.2 0.3
Abroad
1Y CPI-indexed Treasury bond yield 0.0 1.4 2.1 2.7
3Y CPI-indexed Treasury bond yield 0.4 1.3 1.4 9 2.
5Y CPI-indexed Treasury bond yield 0.9 1.2 1.5 7 3.
10Y CPI-indexed Treasury bond yield 1.6 1.1 0.8 53
1Y-3Y CPI-indexed Treasury bond forward yield 0.7 31 1.3 3.1
3Y-5Y CPI-indexed Treasury bond forward yield 1.7 81 1.9 10.8
5Y-10Y CPI-indexed Treasury bond forward yield 2.3 1.2 0.2 5.3
VIX index 21.3 9.1 10.8 62.6
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Table 2: Bank of Israel Interest Rate Equation,* 201.1-2013.9

1 2 3
Intercept (0.06) 0.15 0.22
GDP gap, 2-quarter avg., at 2-period lag -.02 (-0.01) | (-0.02)
Dewgtlon of inflation expectations 1Y ahead, giekiod lag, from 031 0.34 0.34
inflation target
Deviation of 1Y U.S. nominal interest rate from avg 0.08 0.10
Deviation of expected government deficit (seasgretid cyclically 0.03
adjusted) from avg., 12 months ahead '
Lagged Bank of Israel interest rate .988 .969 .954
R? 983 985 .086
RMSE .308 291 .288

* All coefficients other than those in parentheaes 5% significant.
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Table 3: Yields, 2001.1-2013.9, with Governmemeficit, Linear SUR Estimation *

R1 R3 R5 R10
Intercept .338 (-.02) 449 1.64
l(;gange in GDP, 6-month moving avg. at 1-periog (.148) 473 549 387
Bank of Israel interest rate—estimated .708 .582 914 .290
Bank of Israel interest rate—residual 1.04 723 4.60 423
Inflation expectations 1 year ahead -.688 -.379 006.2 (-.061)
Real yleld on U.S. Treasury bonds to corresponding 184 241 236 173
maturity
Government deficit/GDP, avg. 6 months ahead, - 056 053 (-.033) (-.022)
deviation from mean
U.S. VIX index .009 .024 .013 .011
Deviation of inbound tourism from linear trend 203 -.973 -.920 -1.10
Dummy variable for Bank of Israel intervention in
bond market, February—August 2009 (-057) (:047) 128 158
R? 979 .968 948 .888
RMSE 314 .326 .357 .382

* All coefficients other than those in parentheass 5% significant.

33




Table 4: Yields, 2001.1-2013.9, with Governmelebt,Linear SUR Estimation *

R1 R3 R5 R10
Intercept .378 (.044) .481 1.71
l(;gange in GDP, 6-month moving avg. at 1-period 4792 812 817 587
Bank of Israel interest rate—estimated .650 .525 24 4 213
Bank of Israel interest rate—residual .946 .630 2.51 .333
Inflation expectations 1 year ahead -.61( -.304 05.1 .066
Real yleld on U.S. Treasury bonds to corresponding 184 220 195 099
maturity
Gov_er_nment deficit/GDP, avg. 6 months ahead, 039 043 055 068
deviation from mean
U.S. VIX index .014 .026 .024 .026
Deviation of inbound tourism from linear trend 35 -.327 (-.098) (-.100)
Dummy variable for Bank of Israel intervention in
bond market, February—August 2009 (-051) (.055) 129 149
R? .985 976 .967 942
RMSE .267 281 .285 273

* All coefficients other than those in parentheass 5% significant.
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Table 5: Yields, 2001.1-2013.9Jon-Linear SUR Estimation
of U.S. Interest and Government Debt *

R1 R3 R5 R10
Intercept .814 .897 1.19 2.35
IC;gange in GDP, 6-month moving avg. at 1-period 304 329 348 (117)
Bank of Israel interest rate—estimated .641 517 194 197
Bank of Israel interest rate—residual .945 747 9.57 .379
Inflation expectations 1 year ahead -.569 -.326 94.0 11
Real )_/leld on U.S. Treasury bonds to corresponding 114 087 (.035) (-.038)
maturity
Real )_/leld_ on US Treasury bonds to correspond|ng(__048) 315 291 146
maturity*time variable
Gamma 7 7 7 7
Threshold time 2003m7 2009m6 2009m6 2010m1
Government (_jebt/ potential GDP, avg. 6 months (.004) 015 027 046
ahead, deviation from mean
Government debt/ potential GDP, avg. 6 months
ahead, deviation from meatirhe variable 089 078 071 073
Gamma 7 3 7 7
Threshold time 2007m12 2010m12 2009m6 2009mé
U.S. VIX index .010 .013 .015 .022
Deviation of inbound tourism from linear trend 64 -.281 (-.097) (-.113)
Dummy variable for Bank of Israel intervention in
bond market, February—August 2009 -101 (--046) (.030) (.061)
R? 987 985 975 953
RMSE .249 224 247 .245

* All coefficients other than those in parentheass 5% significant.
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Table 6: Forward Yields, 2001.1-2013.9, with Expeetl Government Debt,
Relative to Potential GDP,Linear SUR Estimation *

F1 F3_1 F5_3 F10 5
Intercept 371 (--190) 1.09 3.16
Change in GDP, 6-month moving avg. at 1-period lag .414 .992 .884 (.153)
Bank of Israel interest rate—estimated .642 464 62.2 (.002)
Bank of Israel interest rate—residual .942 .46% 9.28 172
Inflation expectations 1 year ahead -.597 -.148 1.1 .296
Ez?lljr)i/isld on U.S. Treasury bonds to corresponding 211 258 101 - 079
U.S. VIX index .015 .038 .028 .031
Deviation of inbound tourism from linear trend -137 -.340 (.096) (--148)
DUy varae for Sank o sl erventon ot | ogoy | 10 | om1 | asa
R? .985 .959 .905 .859
RMSE .262 .338 .381 .308

* All coefficients other than those in parentheaes 5% significant.
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Table 7: Forward Yields, 2001.1-2013.:]on-Linear SUR Estimation

of U.S. Interest and Government Debt *

D

R1 R3 R5 R10
Intercept .613 919 1.78 3.43
IC;gange in GDP, 6-month moving avg. at 1-period 264 313 204 (-190)
Bank of Israel interest rate—estimated .634 454 32.2 (--017)
Bank of Israel interest rate—residual .949 626 3.30 157
Inflation expectations 1 year ahead -.564 =177 1.21 .379
Real )_/leld on U.S. Treasury bonds to corresponding 239 108 (-011) -104
maturity
Real )_/leld_ on US Treasury bonds to correspong |ng(__141) 342 308 534
maturity*time variable
Gamma 2 7 4 7
Threshold time 2006m6 2009m6 2012m5 2012m4
Government ert/ potential GDP, avg. 6 months 020 014 031 069
ahead, deviation from mean
Government debt/ potential GDP, avg. 6 months
ahead, deviation from meatirhe variable 052 083 099 066
Gamma 7 7 7 7
Threshold time 2009m6 2010m13 2009m6 2009m¢
U.S. VIX index .010 .016 .028 .030
Deviation of inbound tourism from linear trend -141 -.292 (-.055) (-.111)
Dummy variable for Bank of Israel intervention in
bond market, February—August 2009 -112 (-039) 144 085
R® 987 978 931 .884
RMSE .246 .249 .326 279

* All coefficients other than those in parentheass 5% significant.
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Appendix

Figure Ala: Real Yields—Actual (Thin Line)
and Estimated (Thick Line) by Linear Estimation
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Figure Alb: Real Yields—Actual (Thin Line)

and Estimated (Thick Line) by Non-Linear Estimation for Debt and U.S. Interest
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