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CHAPTER 1

INTRODUCTION

This research is intended to develop better understanding of econonkctrstmsrnission
process from one country to another. As the world has become ingtgastegrated in recent
years, the shock originated in one country has direct and drammgEct on other countries.
This has been observed recently when we passed through a termibdenec crisis that indeed
originated in the U.S. but spread all over the world leadingstvare contraction in output and
hardship for millions of people around the globe. This situation, in kedtus to ponder over
how the economic landscapes of other countries are affected wheongcally integrated
another country is hit by a shock. We investigate this questioredbynating a vector
autoregression (VAR) model and identify the U.S. real, nominal, arahdial shocks and

observe their effects on the U.S. as well as on the G-7 macroeconomicegariabl

In the following chapter, we examine the international transamssifects of first two
economic shocks - real and nominal shocks. A classical work on invesji¢ja¢ transmission
effects of such shocks is found in famous Mundell-Fleming model, wpreticts that an
increase in foreign interest rates as a result of mongtgrgning abroad under fixed exchange
rate regime would result in output reduction both at home and abroadndrbase in foreign
interest rates as a result of expansionary government spendingydrpowould result in the
expansion of foreign output but a reduction in domestic output. Under #eadahange rate
system, there would be an expansion of domestic output and a contradbogign output after
monetary contraction abroad but expansion in output both at home and abroadndpllow
expansion in government spending abroad. The recently emerged New Ezpanmy

Macroeconomics (NOEM) models predict different transmissioncesfféhan the Mundell-



Fleming modél. The Redux model, one of the classical works in this group of literand
developed by Obstfeld and Rogoff (1995), predicts that the monetary simottkes domestic
country raise the level of domestic output but shows an ambiguous$ effdoreign output.
Exchange rate overshooting, one of the pioneering predictions of the Ddrisb($876)

dynamic Mundell-Fleming model, is, however, absent in this model.

To investigate further the transmission effects of real reordinal shocks, we develop a
theoretical rational expectation open economy macroeconomic modehismdode’s long-run
implications are used to identify monetary and real shocks in the WISle the identification
technique as pioneered by Blanchard and Quah (1989) is applied td eqmeiun implications
of the model, appropriate sign restrictions as implied by the nsosletirt-run dynamics are also
exploited (into the contemporaneous coefficient matrix of the VAdlet) to account for the
short-run implications of the model. The effects of identified shocksutput, exchange rates,
and inflation are observed for U.S. relative to each of six othércBuntries. The theoretical
model draws primarily on the open economy macro model developed byel@{3885), while
other ingredients of the model are also extracted from Mui{iie63), Fleming (1962) and

Dornbusch (1978)

The empirical results show that there is a positive and persiatzease of U.S. real GDP
relative to other countries’ real GDP, and a depreciation of U.3ermy relative to other
currencies following a supply shock in the U.S.. While the results with output ehdrge rates

are consistent with the predictions of the model, the response tofeglace of home-produced

! A detailed survey on the evolution and foundattdiNOEM is found in Lane (2001). Imperfect comfieti, be it

in product and/or factor markets, in general ehriiim setup is a key ingredient of the models inBNO These
models aim to overcome the limitations of Mundd#fhing model and emphasize international dimensibn
optimal monetary policy and desirability of intetiomal monetary policy cooperation. A far from cdetp list for

further references includes Clarida, Gali, and IBe(2002), Corsetti and Pesenti (2005), and Woadfa007).

2 For introducing nominal rigidity, we rely on a yesimple price setting equation as pioneered bpdid981) and

Mussa (1982), in which price adjustment is completé&hin one period.



goods to the price of foreign-produced goods after a supply shockndoesnfirm with the
model’s predictions. As with demand and monetary shocks, the respamrsativé real GDP is
mostly in line with the model’'s predictions, whereas real and ndraffective exchange rates
do not response as expected in the model following demand and monetary $heckariance
decompositions show that relative real GDP is largely governedupply shocks whereas
demand shocks causes most of the variations in real effegtharge rates. Monetary shocks
lead to a substantial variation in price differential betweercthmtries. Most notable result of

this study is the existence of exchange rate overshooting following a supply shock.

Chapter 3 investigates the transmission effects of U.S. filastoieks on the U.S. and
other G-7 macroeconomic variables. Past studies have alreafigguiste association between
financial and real sector. The nature of link is procyclical rehdinancial crisis leads to a
contraction in real activities (Borio (2007), Goodhart (1996), and Mi(5892)). Bernanke and
Gertler (1995) and Bernanke, Gertler, and Gilchrist (1999) proposedalnm which financial
accelerator plays a significant role that reinforces fifiects of financial cycles on the real
economy by changing the values of collateral that ultimatéfisctathe willingness of the

financial system to make available of the credit.

In analyzing the potential link between financial and real seeter at the beginning
closely observe the behavior of stock prices and federal fundsrdte U.S. for a daily data
starting from 1957. This basic specification is then extended to @dsleeveffects of U.S.
financial shocks to other U.S. and international macroeconomic varkapkestimating recursive
vector autoregression. The identification strategy we applyisnstudy for the VAR estimation

is similar to Sims (1980) and Kim (2001).



The results show that the financial shocks in the stock marketohaisy definite effect on
the behavior of federal funds rate, which is customary believeFéderal Reserve does not
respond to stock market volatility in the very short-run. Thecet monetary policy shocks,
however, exerts a negative effect on stock prices, and the effects die oli@afésss. Other U.S.
macroeconomic variables also exhibit expected responses follonenghtocks on the U.S.
financial system. The positive innovation to U.S. financial stiedsx (FSI), for example, has
negative impact on U.S. real GDP and industrial production. The difiefegteveen asset and
liabilities, which can be defined as capital requirements, onother hand, also respond
negatively to financial shocks, which support the evidence that barkglii@c capital crunch
following the crisis. The international transmission effect of. Girfncial shocks is also in line
with the expectation, leading to a decline in the real GDP inetsteof G-7 countries following a
financial stress in the US. This shock also leads to a declitfeeimterest rates in all other
countries, showing that other countries follow the U.S. policy of reduititerest rates after
crisis happens in the U.S.. The stock prices decline in other couasrie®ll when the U.S.

economy is hit by financial shocks.

We conclude the findings of this research in Chapter 4. Ourdusion is that all three
shocks real, nominal and financial shocks have significant and dirpatt on macroeconomic
variables of G-7 countries. This mandates for appropriate policy nespdo be adopted by
these countries to address the transmission effects in tlorddiis chapter also provides an

account of possible areas that this research can be extended to in the future.



CHAPTER 2
INTERNATIONAL TRANSMISSION OF U.S. REAL AND NOMINAL SHOCKS

1. Introduction

This study examines the international transmission of U.Sareahominal shocks on key
macroeconomic variables of G-7 countries. We develop a theoretteatal expectation open
economy macroeconomic model, and this mode’s long-run implications edetasdentify
monetary and real shocks. While the identification technique as peahégrBlanchard and
Quah (1989) is applied to exploit long-run implications of the model, appteps@n
restrictions as implied by the model's short-run dynamics as® exploited (into the
contemporaneous coefficient matrix of the VAR model) to accourithéshort-run implications
of the model. The effects of identified shocks on output, exchange eatesinflation are
observed for U.S. relative to each of six other G-7 countries. Theetlwabrmodel draws
primarily on the open economy macro model developed by Obstfeld (1985g withier
ingredients of the model are also extracted from Mundell (196&yiRf (1962) and Dornbusch

(1976Y.

Transmission effects of shocks beyond international borders have hmsnmented in
many theoretical and empirical works with varied range of ptiedg. The famous Mundell-
Fleming model, for example, predicts that an increase in foreigmest rates as a result of
monetary tightening abroad under fixed exchange rate regime wesudtt m output reduction
both at home and abroad. The increase in foreign interest rateseasltaof expansionary

government spending, however, would result in the expansion of foreign butpaitreduction

% For introducing nominal rigidity, we rely on a yesimple price setting equation as pioneered bpdid981) and
Mussa (1982), in which price adjustment is completé&hin one period.



in domestic output. The effects of monetary and real shocks &ex different under flexible
exchange rate system, leading to an expansion of domestic outputcanttagtion in foreign
output after monetary contraction abroad but expansion in output both at damamabroad
following expansion in government spending abroad. The models in New OpgrongBe
Macroeconomics (NOEM) literature suggest different transmissftects than the Mundell-
Fleming model. A seminal work of NOEM, the Redux model, developed biyeltband Rogoff
(1995) predicts that the domestic monetary shocks raise the ledeimafstic output but shows
an ambiguous effect on foreign output. An interesting result of thisInsothe lack of exchange
rate overshooting, which is in contrary to the prediction of Dornbusd®36) dynamic
Mundell-Fleming model. The exchange rate overshooting is, howevéoregsn Betts and
Devereux’s (2000a) model, which assumes incomplete exchange ratarpagé+ as opposed to

complete exchange rate pass-through in Redux thodel

Within the premises of such diversified theoretical predictions,gtudy provides a fresh
account of international transmission effects of U.S. real and norsinoaks in rest of G-7
countries by estimating a structural Vector Autoregressi®MAR model. Earlier applications
of VAR analysis in open economy macroeconomics are found in ClandaGali (1994) and
Eichenbaum and Evans (1995). Clarida and Gali (1994) identify sourcealaxchange rate
fluctuations for post-Bretton Woods period for U.S., Japan, Germany, andd@& The
estimation of structural VAR in their study produces consistsults with the predictions of the
Mundell-Fleming model showing that demand shocks lead to appoecatd monetary shocks

lead to depreciation of the home currency. Eichenbaum and Evans (199%ipdlthe results

* A detailed analysis of transmission of shocksizpimplete exchange rate pass-through is found iseftband
Pesenti (2007). The authors in this paper dematesthe shock transmission process in three diffeyerts of
incomplete exchange rate pass-through: local cayrpricing (LCP), producer currency pricing (PCa&)d dollar
pricing (DP). In all these settings, the shocksteaesmitted differently. Transmission effects diféerent for these
three settings.



similar to Clarida and Gali (1994). Kim (2001), on the other handnasts structural VAR to
identify unidirectional effect of the US monetary policy shockthe®omacroeconomic variables
of G-7 countries and finds that the U.S. monetary expansion has agasgifiover effects on
real GDP and industrial production of non-U.S. G-6 countries. Kim’stsgdubwever, do not

seem to be consistent with the predictions of Mundell-Fleming and stickyN@E#M models.

Despite the prevalence of growing literatures that use VARXplaining transmission
effects of economic shocks, earlier studies were primargygded for closed economy, and, if
at all extended for open economy, the extensions were basicaliype@do explain exchange
rate fluctuations. This study, however, provides a most recent coinliatexplain the effects
of shocks also on output and prices. As a prima facie attempt, wen@zbly include in our
estimation the short-run implications of the model into the VARregiton, which lacks in the

earlier studies.

The empirical results show that there is a positive and persiatzease of U.S. real GDP
relative to other countries’ real GDP, and a depreciation of U.3ermy relative to other
currencies following a supply shock. While the results with output exwthange rates are
consistent with the predictions of the model, the response of refaise of home-produced
goods to the price of foreign-produced goods after a supply shockndoesnfirm with the
model’s predictions. As with demand and monetary shocks, the respamrsativé real GDP is
mostly in line with the model’'s predictions, whereas real and ndraffective exchange rates
do not response as expected in the model following demand and monetary $heckariance
decompositions show that relative real GDP is largely governedupply shocks whereas

demand shocks causes most of the variations in real/nominal\effegthange rates. Monetary



shocks lead to a substantial variation in price differentiavéen the countries. Most notable

result of this study is the existence of exchange rate overshooting followupply shock.

Rest of the chapter is organized as follows: Section 2 desdhbetheoretical model.
Section 3 provides an account of empirical strategy. Resultssangsded in Section 4. Section 5

concludes.
2. Mode Framework

Mondell-Fleming model is extensively-used model in policy-relatsskarch by central
banks for over four decades, and the model derived here is similas taddel but extended as
stochastic Mondell-Fleming model as pioneered by Obstfeld (1985)whadcClarida and Gali
(1994), all variables used are U.S. relative to foreign country, which eslyemigddes this model
as a two-country model. Foreign interest rates are see¢rto vzithout loss of generality. All

variables except interest rates are in log.

The demand side of the economy is represented by the following IS equation
ve = o(s; - py) - #lis — ¢ (Pyuq - Pp) + 0, (1)

where di is aggregate demand shock, ¢i; - E;(p, 4 - py) IS anex antereal interest rate.

Provided tha'p and ¢ are positive, real exchange rase{p) and demand shocks have positive

effects on aggregate demand whereas real interest rates have refgtive

The LM equation is given by

me - by = yf - iy ()

where « > 0and income elasticity of money demand is assumed to be unity.



Nominal rigidity is introduced in the following price-setting equation
Pt = Et_lht + 9(§3t - Et_lbt) 3)

where p is a shadow value of flexible price equilibrium. =1, prices are instantaneously

perfectly flexible, and ifo =0 they are completely fixed one period in advano<e<1

demonstrate intermediate degrees of price rigidity.

The following uncovered interest parity equation demonstrates the capikatraquilibrium
it = E¢(Sy1 —5t) (4)

The shock processes are captured by the following three equations:

Y = Vp g+ (5)
de =di_q+ut —myq (6)
m=m_q+ St (7)

The supply shocks and monetary shocks are assumed to be pure randonequalkens
(5) and (7)). The demand shocks also exhibit random walks; however, fajldWarida and
Gali (1994) a portion of the shocks are assumed to be reverting imetkte period as
demonstrated by the last term in equation (6). The introductionsofeitm in the demand shock
process has implication for the application of Blanchard and Quah (1€8%8)jique to estimate

structural VAR model described in Section 3.

Flexible price solutiorn(d =1)°

® The flexible price solution is, in fact, a hypothetical sioly because we cannot characterize steady state in
stochastic environment as economy is constantly hit by sh@é& therefore prefer to term this solution as shadow
flexible price solution.
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Solution for real exchange rates:

Set yts = ytd, assume real exchange ra&t =s - pt, and substitute interest parity equation (4)

into IS equation to get different equation for real exchange rates as

yi -di ¢
t Mt

&t = +—Et&t+1
o+  o+¢

Using method of undetermined coefficients gives the solution for real exclaiegeas

b -S4 +1( 4 jﬂt (8)

@ p\p+¢

Equation (8) demonstrates that real exchange rate is affadietly real and demand shocks but

not by monetary shocks.

Solution for Price:

Substitute (4) into (2) to get

b = mF — ¥§ + AEy (8,1~ %)

Add xp in both sides, add and subtrixg; {f)tﬂ in the right hand side, apply definition of real
exchange rate&t =s - pt, and arrange the terms to get

W+ k) by = my — v + k(b g — O0) + B¢ By ©

From solution of real exchange rates in equation (8) and also U@nghbck processes, we

obtain

E Gy -0 = (gp’;ﬁjm (10)
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Substitute this in equation (9) to obtain a stochastic difference equation foagprice

m — Yt K K
by = + Mt + E b
1+x (p+ @)L+ ) 1+x

Using method of undetermined coefficients we obtain the solutic {:;t f@s

be =My — vi + B (11)

KT

wherep=————
A+ x)(p+9)

Prices are affected by all three shocks in flexible price equilibriuobssrved in equation (11).
Sticky price solutio (0<#<1):

Solution for price:

Substitute price solution equation (11) into price setting equation (3) to get
Pt = {f’t -@-0)(St — o + Put) (12)
where fst is flexible price solution.

As can be seen in equation (12), the deviation of price from longgquiibrium is negatively

affected by demand and monetary shocks and positively by supply shocks.
Solution for real exchange rate:

Substitute (12) and (1) into (2) to obtain
My — by + A= ON& — oy + Bug] = dp + 90y — (@ + A (Egty g - dt) - KE¢ (Proq — Py) (13)

Substitute (11) into (12) and get the expressiolE; (p,,4 - p;) as
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Et (Pryq — Pt) = —Bup + Q-0 &t —op + Pui] (14)
Substitute (14) and (10) into (11) to obtain stochastic difference equatiqrafor
(p+o+x)ar =yt —dt + A=)+ x)(Gt — ) — O+ &) But + (P + K)E Oy
Using method of undetermined coefficients gives the solutiog; s

Yyt —dt . (¢ + k) — Pl (L+ k) d, + 1-0)1+x)
@ (@ +¢+kK) p+o+x

gt = (&t — o)

Using (8) we can also have the solutiondoas

& @+ x)1-6)
a =G +——

[$t — o + B ] (15)
o+d+K

For the solution of nominal exchange ratggndp; are substituted in the expression for nominal

exchange rates = qg; + p; to obtain

1-6
U9 (s o+ ] (16)
p+d+x

St zgt +d-9-¢)

The solution for nominal exchange rates show that the deviation bfamdanominal
exchange rates from long-run equilibrium is positively affecteddsgand and monetary shocks

and negatively by supply shocks, giv(¢ -¢) <0. This shows that supply shocks can produce

exchange rate overshooting, and this implication is tested empirimaléstimating a VAR in

Section 4.
Solution for aggregate demand:

By using (4) we can write IS equation as

v = gy - g (Mg, 1) + 0t (17)
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Forwarding one period ahead, using (10) and taking expectation for (15) to get

1 1-6
Ty O ) (18)

E (Aq, )= U

Substituting (17) and (15) into (16) to obtain the solution for aggregate demand as

J g, 4 000009

t =Yt (&t — o + Buy] (19)

p+d+xK

This equation exhibits that the deviation of real GDP from long-rwiliequm is positively

affected by demand and monetary shocks and negatively by supply shock: (¢ - ¢) < 0.

In the short-run all variables are affected by all three shomkemporaneously as shown
by equations (12), (15), (16), and (18) but in the long-run the systeambsctriangular as
output is affected only by supply shocks (equation (5)), real exchaage by supply and
demand shocks (equation (8)), and price by all three demand, supply anthma@i®cks
(equation (11)). Both these long-run and short-run implications of the nawdelised in

estimating structural VAR model described in the next section.
3. Empirical Strategy
3.1 Structural VAR Model

A two-country world is described by a following structural equation

whereB is a contemporaneous coefficient matrix in structural equatypis.3x1 data vector
which includes U.S. relative output, relative real/nominal effeaixehange rates, and relative

prices. e is a 3x1vector of structural shocks - aggregate supply shocks, aggregateadiema
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shocks, and monetary shoc e .are assumed to be serially uncorrelated with e 2r€ = as a
diagonal matrix with unit variances of structural disturbances on the prinicggginal.

The VAR is estimated in the reduced-form equation as
where (L) = B_lr(L) , Up = B_let , andvar(u;) = Q.

Using the relationshiu; = B_let and the assumption (x =1 givesQ as

g1 (22)

Reduced-from model, which downsizes the structural representatiba system, leads to
identification problem. To recover the parameters of structuraltieggsaand the innovations
thereto, we must impose restrictions on the structural systeme ahetwo ways to restrict the
system: first, the short-run restrictions employ both reearésims (1980)), and non-recursive
frameworks (Bernanke (1986), Sims(1986)) in the matrix B and thende the long-run
restrictions employ restriction on long-run multipliers. The idegifon strategy we apply here
is long-run restrictions as suggested by Blanchard and Quah (1989plyalas approach, the

equations (19) and (20) are represented in the moving average form as
yt = O(L)e (23)
yt = ¥(L)ug (24)

From equations (23) and (24), the relationship between the structudalreguced-form

parameters becomes

o -vmB ! (25)
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The matrixw @) is obtained by using reduced-form estimated parand®'s:fsom equation

(21), andB™ is estimated by using maximum likelihood estimdtioThe long-run restrictions
are applied in the matrie(y) to recoveB™. The restrictions come from long-run implication of
the model described in Section 2. That the model demonstratesutipat is not affected by
demand and monetary shocks and real exchange rate is not affecheshdtary shocks makes

the matrix of long-run multipliere@) a lower triangular matrix. This lower triangular condition
helps identify matrixB™, and therebye(L), and finally the impulse responses and variance

decompositions.

In order to exploit the short-run implications of the model, we userehaionship
Up = B_let, in which appropriate sign restrictions are imposed on the mBttiso that the

contemporaneous effects of the innovations are accordingly trarégrnuottthe reduced-from
disturbances and thereby to variables used in the model. The modetsushdynamics implies
that the supply shocks have negative adjustment process (that igferende between long-run
equilibrium values and short-run sticky price values) for rela®@P and real effective
exchange rates and positive for relative prices, whereas demand caredang shocks have
positive adjustment process for relative real GDP and relatialeeffective exchange rates but
negative for real/nominal effective exchange rates (equatioriland 19). To incorporate this
short-run characteristics of the model into the VAR estimatiorgameertB™ matrix into a new

matrix, sayC* such thaC'-MBN where my;=1, my, = 1 andmgs = -1, andn;:=-1, ny;=1 and

® To obtain W (1), the equation (20) is first represented in state-space flmriold representation where the

reduced-form estimated paramelé?r'§ from equation (21) are used which provide u3>a3 matrix ¥ (1) . The

details on how to estimat (1) is in gauss codes, which can be made available upon requéie idrClarida and
Gali (1994), we estimat®™ by using maximum likelihood estimation. The likelihoothétion for this estimation is:
£(0,1) = - () tog(2m) + (5) logl2™| - (1/2) £l 404, where = B~1(B™1
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nzs=1. With this specification, an important issue arises here aadsn® be addressed. The
results must be interpreted in growth rates. The shocks haveseaifdg on thedeviationsof the
variables from the long-run equilibrium in the short-run sticky psa@tion. As implied by the
price setting rule, it is assumed that the long-run valugasmat in the next period, thus the first
difference can best be represented as short-run deviations wériables from the long-run,

which we do to obtain empirical results in VAR estimation.

3.2 Data

The international financial statistics (IFS) published by h@gonal Monetary Fund (IMF)
is a major source of data for this study. As suggested by preresearchers, this is a rich
source of data for open economy macro analysis, and the data ioutus s available for large
number of cross-sections ranging for many years. The studynfsied only to G-7 countries
(United States, United Kingdom, Canada, France, Germany, ItalyJapan). This confinement
is relevant in the sense that these countries have closer ecdresnand the shocks generated
in any of these countries will have direct impact on the econoofiiether countries. For the
estimation, we use quarterly data ranging from 1980Q1 to 2009Q2. Tinblearused are: real
GDP, real effective exchange rates and GDP deflator. Sinagutreerly flows of real GDP for
U.S., CAN, JAP are not available in the IFS, they are obtainad f@ECD to generate
consistent real GDP series for all countries. For exchange ve¢euse effective exchange rates
in place of ordinary exchange rates between two countries. Effestoi®nge rates are obtained
by suitably weighing the exchange rate index for the counteif iésd the index of 20 other
industrial countries. The justification for using such rates cdnoes the fact that our sample
includes major industrial countries and such rates truly reftectexchange rate behavior in

these countries.
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4. Empirical Results

This section summarizes the results obtained from estimatmgtistal VAR model
described in Section 3. The variables used for this estimatiorograf relative real gross
domestic product (RGDP), the log of relative real effectivehange rates (REER/NEER), and
the log of relative GDP deflator (DEF), of the U.S. to foreignntry. Since all these variables
demonstrate unit roots (Table 1), the VAR uses their firstréifiees. The lag length in the unit
root tests are determined by Ng and Perron (1995)'s approath supports for 4 lagsThe
first differences transform the variables used in the VAR:ifipation as output growth rate

differential, real effective exchange rates differential, and inflatitfardntial.

Table 1.Unit Root Tests

Variables (first Augmented Dicky-Fuller (ADF) Test Statistics
difference) | ys/cAN | USIFRA | US/GER | USITA | US/JAP | US/UK
loggdp -2.61 -3.95 -3.73 -3.72 -3.49 -3.95
logreer -2.73 -3.76 -4.13 -3.78 -4.01 -3.82
logprice -2.93 -1.85 -2.62 -2.16 -4.07 -3.14

#Tests were conducted in the specification with intercepts with 4 lags
Critical values for 1%, 5%, and 10% are, respectively, -3.49, -2.89, and -2.58.

Before explaining the impulse responses and variance decompositefisstvgummarize
the expected dynamics of the variables to supply, demand and nystedaks as implied in our

model.

7 According to this approach, we set an upper bound forypp.sa and estimate the ADF test regression with this
upper bound. As suggested by Schwert (1989), theipobtained by using the formula=[12.(T/100}] where

T is the number of observations. When the absolute \@ldlee t-statistic for testing the significance of the last
lagged difference turns significant (as a rule of thumb grefaaer1.6), p is set to be pmax, otherwise the lag length
is reduced by one by one and perform this repeatedly untibwe thstatistic for testing the significance of the last
lagged difference becomes significant. In our test, for elg@n3chewert’s criteria sets, as 12. t-values for the
last term in ADF test for loggdp US/CAN starting franaximum 12 lags are, respectively, .09, 1.23,-0.79,-0.84,
0.17,1.41,-0.63,-1.47,1.62, which supported for 4.lags
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Table 2. Responses of relative RGDP, REER and DEF to Supply, DeméiMbaetary Shocks
as Suggested by the Model and Empirical Results

RGDP REER DEF
Shocks

Model Actual Model Actual Model Actual
(S;S:I;y Positive | Confirmed Positive | Confirmed Negative Sg?g;il; ted (except for
Demand . . oL . . Contradicted (except for
(Nominal) Positive | Contradicted Negative Contradicted Positive US/FRA and US/CAN)
Monetar Confirmed (Cec:(I::tera:j e
(NominaXI/) Positive EJe;;:I?rr:) for| Positive US /UIF<) and Positive Confirmed

US/FRA)

As shown in Table 2, the model described in the previous section prbdictee response
of relative output in response to all three shocks is positive. Téue/eereal effective exchange
rates, on the other hand, depreciate in response to supply and monethksytsh@ppreciate in
response to demand shocks. The relative prices are observed pos#seonse to demand and

monetary shocks but negative in response to supply shocks.

The impulse responses of relative U.S. real GDP, REER, andi@vels to all shocks are

reported in Figure 1.

The impulse responses of relative real GDP to supply shockesty consistent with the
predictions of the model. The impulse responses demonstrate thastagresitive response of
home country’s real GDP relative to foreign country’s to supplylshiowhich is valid for all
country pairs. The one standard deviation of a supply shock, for examnphefU.S./U.K pair,

produces 5.0 percent increase in the U.S. real GDP relative t0.Ka&s real GDP at the
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beginning quarter and then the effect dies out. The relativeGB& exhibits persistence

following real shocks whereas it exhibits hump-shaped in response to monetary shocks.

Figure 1. Impulse responses
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Figure 1 (continued)
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Figure 1 (continued)
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The response of relative real effective exchange rates toyssipptks is also consistent
with the model’'s predictions. The relative real effective exgbhamates depreciate for all country
pairs when there is a positive supply shock, a similar resuthiagl fin Stockman (1987) and
Huizinga (1987). The supply shock effects on real exchange ratesussnto depreciate for all
time horizons, which is attributable to our identification strategwhich supply shocks have
long-run effects on the real exchange rates. In response todenacks, however, the relative
real exchange rates do not appreciate as contrary to whaedasuggested by the model. This
can be justified with an argument that the demand shock generdtechexcountry resulted in
higher import demand leading to home country’s currency deprecidtios.is convincingly
possible for the open economies such as those included in our sampkffethef demand
shocks on relative real effective exchange rates contraditiistie model’s prediction. The
effect of monetary shocks to the real exchange rates is calftarto the model's prediction
only for U.S./U.K. and U.S./France pairs, resulting in a real depi@ciaf home currency in
response to the monetary shocks. This result is in contrary to shkksras found in Mussa

(1986).

The implied negative effect of supply shocks to relative pricegsetticted by the model is
observed only for U.S./France pair. The effect of demand shocks divagbaices leads to
decrease in home country’s relative price to foreign’s, which adicts the predictions of the
model. The effect of monetary shocks, however, is consistent witmadlael for all country
pairs resulting in a rise in the U.S. relative price in resptmseonetary shocks in the U.S.. All
shocks have persistent effect on relative price levels agsteggby our long-run characteristics

of the model.
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The impulse responses for the U.S. against three countries F@ceany, and Italy
appear somewhat problematic with regard to their conformability tve model’s predictions.
The reason can potentially be fact that these three countries are imefdgro, and there was a
regime change in these countries by participating in common aurency beginning 1999,
which certainly have effects on macroeconomic adjustment. In ordentool the effect of this
regime change, a dummy of regime change was introduced intbAfReestimation. , and with
this new specification the impulse responses did not change cignifi but the effect of
monetary shocks to explain relative real effective exchaatgs rcome closer to the model’s

predictions (Figure 2).

Figure 2: Impulse Responses (Regime Change)

Price Regime Change Exchange Rates RGDP
Monetary Shock Monetary Shock Monetary Shock Monetary Shock
.01 .14 .04 .05
005 .05+ L2
- 0 LS o
.
0 0 -.024
-.005 -.054 -.044 -.05+
Regime Change Shock Regime Change Shock Regime Change Shock Regime Change Shock
.015 .05 .05
.1
014 .05 \ o —m8m8 — o
005+ /—— 04
-.054
0 -.054 -.054
Demand Shock Demand Shock Demand Shock Demand Shock
.005+ .054

.04 .05+

04 0 024
- - N S

-.005+ -.05+4
-.024
-.014 =oile| -.054
Real Shock Real Shock Real Shock Real Shock
.01 .05 084 .14
el ol & .06+
]
0+ -.054 024
1 0
-.005- -.14 g
T T T T T T T T T T T T T T T T
0 10 20 30 0 10 20 30 0 10 20 30 0 10 20 30

Quarters



Figure 2(continued)
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The variance decompositions in Table 3 demonstrate the proportion of emvehthree

variables included in the VAR specification as resulted from three diffenenks.

Table 3. Variance Decompositions

RGDP REER Price
Qtr. Supply | Demand| Monetary| Supply| Demand| Monetary| Supply | Demand| Monetary
Shock | Shock Shock | Shock | Shock Shock | Shock | Shock Shock
0 0.97 0.03 0.01 0.14 0.85 0.02 0.0 0.00 0.97
1 0.96 0.03 0.00 0.23 0.76 0.01 0.0 0.0t 0.9y
2 0.95 0.03 0.02 0.24 0.75 0.01 0.0 0.0t 0.96
3 0.92 0.05 0.03 0.24 0.75 0.01 0.0 0.08 0.95
4 0.89 0.07 0.04 0.22 0.76 0.02 0.0 0.0y 0.92
5 0.89 0.08 0.03 0.22 0.76 0.02 0.0 0.1t 0.88
6 0.89 0.08 0.03 0.23 0.76 0.02 0.0 0.15 0.84
7 0.89 0.08 0.03 0.25 0.73 0.02 0.0 0.19 0.80
8 0.90 0.07 0.02 0.28 0.71 0.02 0.0 0.2p 0.76
9 0.91 0.07 0.02 0.29 0.69 0.01 0.0 0.24 0.74
10 0.92 0.07 0.02 0.30 0.69 0.01 0.0 0.2b 0.7p
15 0.95 0.04 0.01 0.39 0.61 0.01 0.0 0.26 0.7
20 0.97 0.03 0.01 0.46 0.54 0.01 0.0 0.26 0.7D
25 0.98 0.02 0.00 0.51 0.48 0.00 0.0 0.2b 0.68
30 0.98 0.01 0.00 0.55 0.45 0.00 0.0 0.26 0.6p
35 0.99 0.01 0.00 0.58 0.42 0.00 0.0 0.2b 0.6p
40 0.99 0.01 0.00 0.60 0.39 0.00 0.1 0.2b 0.6¢4

US/CAN Pair
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RGDP REER Price
Qtrs. Supply | Demand| Monetar | Supply | Demand| Monetar| Supply | Demand| Monetary
Shock | Shock | y Shock | Shock | Shock | y Shock | Shock | Shock Shock
0 0.79 0.20 0.02 0.08 0.92 0.00 0.04 0.00 0.96
1 0.86 0.13 0.01 0.40 0.57 0.02 0.02 0.00 0.98
2 0.91 0.09 0.01 0.50 0.47 0.03 0.01 0.0 0.98
3 0.93 0.06 0.01 0.58 0.40 0.03 0.00 0.0B 0.9
4 0.94 0.05 0.00 0.63 0.35 0.02 0.00 0.05 0.96
5 0.95 0.04 0.00 0.67 0.31 0.02 0.00 0.06 0.94
6 0.96 0.03 0.00 0.70 0.28 0.02 0.00 0.06 0.94
7 0.96 0.03 0.01 0.72 0.26 0.02 0.00 0.0[7 0.98
8 0.96 0.03 0.01 0.73 0.25 0.02 0.00 0.0y 0.9p
9 0.96 0.02 0.01 0.74 0.24 0.03 0.00 0.08 0.9p
10 0.96 0.02 0.01 0.75 0.23 0.03 0.00 0.09 0.90
15 0.97 0.02 0.01 0.76 0.21 0.02 0.01 0.12 0.87
20 0.98 0.01 0.01 0.78 0.20 0.02 0.01 0.14 0.85
25 0.98 0.01 0.01 0.79 0.19 0.02 0.01 0.15 0.84
30 0.99 0.01 0.01 0.80 0.19 0.01 0.01 0.16 0.83
35 0.99 0.01 0.00 0.81 0.18 0.01 0.02 0.16 0.82
40 0.99 0.01 0.00 0.81 0.18 0.01 0.02 0.17 0.82

US/GER Pair
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RGDP REER Price
Qrs. Supply | Demand| Monetar | Supply | Demand| Monetar | Supply | Demand| Monetary
Shock | Shock | y Shock | Shock | Shock | y Shock | Shock | Shock Shock
0 0.97 0.03 0.01 0.63 0.37 0.01 0.038 0.00 0.9
1 0.96 0.03 0.01 0.80 0.14 0.06 0.04 0.01 0.9
2 0.96 0.04 0.01 0.84 0.12 0.04 0.04 0.06 0.9
3 0.96 0.03 0.01 0.85 0.11 0.03 0.0% 0.156 0.8
4 0.95 0.05 0.01 0.89 0.09 0.03 0.06 0.2p 0.7
5 0.92 0.06 0.02 0.91 0.06 0.02 0.08 0.24 0.6
6 0.92 0.06 0.02 0.93 0.05 0.02 0.10 0.26 0.6
7 0.93 0.06 0.02 0.94 0.04 0.01 0.12 0.26 0.6
8 0.93 0.06 0.01 0.95 0.04 0.01 0.12 0.2/7 0.6
9 0.93 0.05 0.01 0.95 0.04 0.01 0.138 0.28 0.6
10 0.94 0.05 0.01 0.95 0.04 0.01 0.18 0.29 0.5
15 0.95 0.03 0.01 0.93 0.06 0.01 0.14 0.31 0.5
20 0.96 0.03 0.01 0.91 0.08 0.01 0.18 0.31 0.5
25 0.97 0.03 0.01 0.91 0.09 0.01 0.18 0.32 0.5
30 0.97 0.02 0.01 0.91 0.09 0.00 0.12 0.32 0.5
35 0.97 0.02 0.01 0.91 0.08 0.00 0.12 0.32 0.5
40 0.98 0.02 0.01 0.91 0.09 0.00 0.12 0.32 0.5

US/FRA Pair
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RGDP REER Price
Qtrs. Supply | Demand| Monetar | Supply | Demand| Monetar | Supply | Demand| Monetary
Shock | Shock | y Shock | Shock | Shock | y Shock | Shock | Shock | Shock
0 0.80 0.15 0.04 0.08 0.91 0.00 0.15 0.04 0.80
1 0.87 0.11 0.02 0.39 0.59 0.01 0.28 0.05 0.7p
2 0.91 0.07 0.02 0.49 0.50 0.01 0.26 0.06 0.68
3 0.93 0.06 0.01 0.56 0.42 0.02 0.25 0.10 0.65
4 0.94 0.05 0.01 0.64 0.35 0.01 0.26 0.1 0.62
5 0.94 0.05 0.01 0.69 0.30 0.01 0.26 0.15 0.59
6 0.94 0.05 0.01 0.73 0.26 0.01 0.25 0.19 0.5b
7 0.95 0.04 0.01 0.75 0.24 0.01 0.24 0.24 0.58
8 0.95 0.04 0.01 0.77 0.22 0.01 0.22 0.2/7 0.5
9 0.95 0.04 0.01 0.78 0.21 0.01 0.21 0.30 0.49
10 0.95 0.03 0.01 0.79 0.20 0.01 0.19 0.32 0.49
15 0.96 0.03 0.01 0.82 0.18 0.01 0.12 0.41 0.47
20 0.97 0.02 0.01 0.83 0.16 0.00 0.08 0.46 0.46
25 0.97 0.02 0.01 0.84 0.15 0.00 0.0p 0.49 0.45
30 0.98 0.02 0.01 0.85 0.15 0.00 0.05 0.51 0.45
35 0.98 0.01 0.01 0.85 0.14 0.00 0.04 0.52 0.44
40 0.98 0.01 0.01 0.86 0.14 0.00 0.08 0.53 0.44

US/ITA Pair
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RGDP REER Price
Qtrs. Supply | Demand| Monetar | Supply | Demand| Monetar | Supply | Demand| Monetary
Shock | Shock | y Shock | Shock | Shock | y Shock | Shock | Shock Shock
0 0.82 0.15 0.03 0.21 0.77 0.02 0.01 0.0B 0.9
1 0.85 0.14 0.02 0.51 0.48 0.01 0.02 0.0p 0.9
2 0.86 0.12 0.01 0.56 0.44 0.00 0.03 0.0B 0.94
3 0.87 0.11 0.02 0.60 0.40 0.00 0.0% 0.04 0.9
4 0.88 0.09 0.02 0.63 0.36 0.01 0.07 0.06 0.8
5 0.90 0.08 0.02 0.68 0.31 0.01 0.07 0.08 0.8
6 0.92 0.07 0.02 0.71 0.28 0.01 0.07 0.10 0.8
7 0.93 0.06 0.01 0.73 0.27 0.01 0.07 0.11 0.8
8 0.94 0.05 0.01 0.74 0.25 0.01 0.07 0.1p 0.8
9 0.94 0.05 0.01 0.76 0.24 0.01 0.07 0.1p 0.8
10 0.95 0.04 0.01 0.77 0.23 0.00 0.07 0.13 0.8
15 0.96 0.03 0.01 0.81 0.19 0.00 0.06 0.12 0.8
20 0.97 0.02 0.01 0.83 0.17 0.00 0.06 0.13 0.8
25 0.98 0.02 0.00 0.84 0.16 0.00 0.06 0.13 0.8
30 0.98 0.01 0.00 0.85 0.15 0.00 0.05 0.13 0.8
35 0.98 0.01 0.00 0.86 0.14 0.00 0.05 0.13 0.8
40 0.99 0.01 0.00 0.86 0.14 0.00 0.05 0.14 0.8

US/JAP Pair
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RGDP REER Price

Qtrs. Supply | Demand| Monetary| Supply | Demand| Monetary| Supply | Demand| Monetary

Shock | Shock Shock | Shock | Shock Shock | Shock | Shock Shock
0 0.68 0.18 0.15 0.04 0.95 0.01 0.4 0.08 0.5
1 0.81 0.11 0.08 0.33 0.65 0.02 0.4 0.04 0.5
2 0.87 0.08 0.05 0.44 0.54 0.01 0.4 0.04 0.5
3 0.89 0.07 0.04 0.50 0.49 0.01 0.4 0.0y 04
4 0.91 0.05 0.04 0.54 0.44 0.02 0.4 0.0y 0.4
5 0.93 0.04 0.03 0.59 0.39 0.02 0.4 0.0y 0.4
6 0.94 0.04 0.03 0.64 0.35 0.02 0.4 0.06 0.5
7 0.94 0.03 0.03 0.67 0.31 0.02 0.4 0.06 0.5
8 0.95 0.03 0.02 0.71 0.28 0.02 0.4 0.0 0.5
9 0.96 0.02 0.02 0.74 0.25 0.01 0.4 0.05 0.5
10 0.96 0.02 0.02 0.76 0.23 0.01 0.4 0.0p 0.5
15 0.97 0.01 0.01 0.82 0.17 0.01 0.4 0.0¢4 0.5
20 0.98 0.01 0.01 0.84 0.15 0.01 0.4 0.0B 0.5
25 0.98 0.01 0.01 0.86 0.14 0.01 0.4 0.083 0.5
30 0.99 0.01 0.01 0.87 0.13 0.01 0.4 0.083 0.4
35 0.99 0.01 0.01 0.88 0.12 0.00 0.4 0.0B 0.4
40 0.99 0.00 0.00 0.88 0.11 0.00 0.4 0.0B 0.4
US/UK Pair

The results show that the movement in relative real GDP Ffaroahtry pairs is mainly

attributed to the supply shocks. In the first quarter of the relati8eCanada GDP, for instance,

96 percent variation of this output is explained by the supply shocks aghanéy three percent

and one percent variations are explained by demand and monetary shocks, respectively
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The effects of demand and monetary shocks almost vanish at thetbedefiod, and therefore

all movement in relative real GDP is explained entirely by supply shocks.

The movement in real effective exchange rates, on the other handinky governed by
demand shocks. Except for the U.S./Germany country pair, more thancedtpef variation in
exchange rates in all country pairs is attributed to demand shdtiesmonetary shocks do not

play a major role to cause movement in relative real effective exchatege

Monetary shocks are dominant to explain relative price movement. khare 95 percent
variation in relative price is attributed to monetary shocks fbrc@untry pairs except for
U.S./ltaly and U.S./UK country pairs. The demand shock, however, contritartéhe most of

the variation in later periods for the fluctuations of relative price level.

The impulse responses after applying sign restrictions from-ghortlynamics of the
model have been reported in Figure 3. The impulse responses demohatratgput adjustment
process is negative for all country pairs following supply shooksvanishes after few quarters.
The important thing to note here is that the impulse responses dibplagffects of supply
shocks on the growth rate differential of real GDP between two esintwhich suggests that
after supply shocks in the domestic economy, the gap in growtldifegeential between the
U.S. and other countries narrows down. The demand and monetary shocks9thdsimilar
convergent effect for real GDP but for most of the country pairs the impsjsenges lies on the

negative territory, which contradicts with the model’s prediction.



Figure 3: Impulse responses (with short-run sign restrictions)
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For inflation rate differential, the supply shocks and monetary shoalsed positive
adjustment process whereas demand shocks generated negative adjusiosmst for most of
the country pairs. This suggests that the inflation in the U.S. memai be lower than the
inflation in other countries after supply and monetary shocks in tBe étonomy, and the
opposite happens when demand shocks hit the U.S. economy. The inflat®nnrdieth
countries, however, are equalized after few quarters as shotke lbgnvergence of the impulse

responses at zero level after some quarters.

The dynamics of relative real effective exchange ratesoteworthy here. The impulse
responses suggest that in most of the country pairs the appreciaiontreg U.S. from a supply
shock is smaller than the appreciation rate of the foreign ecovameyeas the depreciation rate
of the U.S. currency is greater than the depreciation rate ofotkegn currency, following
demand and monetary shocks in most of the country pairs. The gap rémbe$arger at the
beginning and comes to the convergence at the latter periods. Rglldve supply shocks, the
effective exchange rates temporarily falls below the longvwaloes as indicated by negative
impulse responses for exchange rates. This indicates that ndhentyonetary shocks but also

real shocks are attributed to generate exchange rate overshooting.
5. Conclusion

We study the effects of the U.S. real and nominal shocks on kap@&sacomic variables
in G-7 countries by estimating structural VAR model. The imptésponses of U.S. real GDP
relative to the rest of other countries to the supply shocks arestriswith the predictions of
the model, resulting in a rise in U.S.’s real GDP compared Iter atountries’ following the
supply shocks in the U.S. The relative real GDP persistenthgases in response to supply

shocks whereas it exhibits hump-shape in response to demand and monetary shocks.
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The responses of effective exchange rates to supply shocks amoadsstent with the
model’s predictions. The relative real effective exchange depseciate in all country pairs
when there is a positive supply shock in the U.S. The supply shock effertal exchange rates
remains persistent for a longer period of time. In response to deshma#ts, however, the
exchange rates do not appreciate as contrary to the model'stipredithe effect of monetary
shocks to the real exchange rates is conformable to the modelistiorein most of the country
pairs resulting in real depreciation of home currency in respongetmonetary shocks in the

U.S..

The responses of relative prices in the U.S. relative to thespimcother countries, on the
other hand, do not show consistent prediction with the model. The expegad/@effect of
supply shocks to relative prices as predicted by the model isvedsenly for U.S./Canada pair.
The effect of monetary shocks, however, are consistent with the rfeydall country pairs

resulting in a rise in the U.S.’s relative prices in response to monetary shalokdl.S..

The variance decompositions show that the movement in relative Bealf@ all country
pairs is mainly attributed to the supply shocks. The movement lireffeative exchange rates,
on the other hand, is mainly governed by demand shocks, whereas momeicky are

dominant to explain relative price movement.

After applying sign restrictions in disequilibrium dynamics, thap in growth rate
differential in real GDP between the U.S. and other countrieswsardown following a supply
shocks in the U.S., but following the demand and monetary shocks the gavevtsf real GDP
in the U.S. economy is higher than the growth rate of real GD&strof the countries. For the
differential in inflation rates, the domestic inflation falls ¢hothan the foreign inflation after

supply shocks in the U.S., and the opposite happens when demand and monekaristioe



37

U.S. economy. The exchange rates demonstrate a noteworthy behawawainfplthe supply
shocks, resulting in most of the country pairs a smaller appatiedie in the U.S. than the
appreciation rate in the foreign economy at the beginning and feist efyes out after few
quarters. This suggest that not only monetary and demand shocks cabsegexrate

overshooting but supply shocks are also attributable for exchange rate ovagshooti

While this study provides fresh account of explaining transmisgieote of U.S. real and
nominal shocks beyond international borders, the study is not free ofshonys. The effects
of U.S. shocks on international macroeconomic variables through texdes dnd interest rate
differentials have been ignored in this study. By addressing dbige, a realistic transmission

mechanism of the effects of shocks from one country to other countries is expected.
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CHAPTER 3
INTERNATIONAL TRANSMISSION OF U.S. FINANICAL SHOCKS
1. Introduction

The world had recently been passed through a severe economit¢hatded to a severe
contraction in output and hardship for millions of people around the globee \figite is no
doubt that the unfettered expansion of the US housing market was bieditrigger of this
crisis, the question still unresolved is how a trouble in such d sewbr of the economy can
actually pushed the entire world into such a big chaos. This quéstieed led us to ponder
over how the financial crisis emerged in the U.S. transmittedfiects all over the U.S. and in
the entire world. We investigate this question by estimatingcor autoregression (VAR)
model and identify the U.S. financial shocks and observe their effleadsmestic as well as on
the G-7 macroeconomic variables. In our benchmark estimation, vedyctiisserve the behavior
of stock prices and federal funds rate for a daily datarggadrom 1957. This basic specification
is then extended to observe the effects of U.S. financial shockbdp @iS. and international
macroeconomic variables. The identification strategy we applyhig study for the VAR

estimation is similar to Kim (2001).

The benchmark results show that the financial shocks in the stocktnmakeno any
definite effect on the behavior of federal funds rate, which is castoivelieve that Federal
Reserve does not respond to stock market volatility in the vergrighorThe effect of monetary
policy shocks, however, exerts a negative effect on stock priceshamrdfects die out after 10
days. Other U.S. macroeconomic variables also exhibit expecfamhses following the shocks
on the U.S. financial system. The positive innovation to U.S. financedssindex (FSI), for

example, has negative impact on U.S. real GDP and industrial productiendifference
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between asset and liabilities, which can be defined as capiairements, on the other hand,
also respond negatively with financial shocks, which support the evideaicbanks face dire
capital crunch following the crisis. The international transmars effect of U.S. financial shocks
is also in line with the expectation, leading to a decline in #a GDP in the rest of G-7
countries following a financial stress in the US. This shoak lelads to a decline in the interest
rates in all other countries, showing that other countries follomUtl®& policy of reducing
interest rates after crisis happens in the U.S.. The stock piecéise in other countries as well

when the U.S. economy is hit by financial shocks.

Rest of the paper is organized as follows: Section 2 describdgetfadures. Section 3
provides an account of methods used to address the research question psshksl. aRe

discussed in Section 4. Section 5 concludes.

2. Literatures

Past studies have shown that the volatility in aggregate econoigiatly tinked with the
volatility in financial sector. The nature of link is procycli¢Borio (2007), Goodhart (1996),
and Minsky (1992)) resulting in a decline in economic activitiesnwingancial crisis hits the
economy. The economy may often distort when there is an abrupt wrrestchanism is

pursued.

One of the possible reasons why an economy fluctuates in conjunctibn the
development in financial sector is because of the significantofdli@ancial accelerator which
reinforces the effects of financial cycles on the real ecortpnohanging the values of collateral
that ultimately affect the willingness of the financg&istem to make available of the credit.

(Bernanke and Gertler (1995), Bernanke, Gertler, and Gilchrist (1989 XKisiotaki and Moore
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(1997). The financial shocks, according to this hypothesis, are tittatitheir effects into the

economy by changing the creditworthiness of the borrowers.

The effect of financial accelerator, however, varies with dharacteristics of financial
system (Rajan and Zingales (2003)). The financial system wherntdree is based on the
principle that the buyers and sellers act independently without hatmgg relationship
between them will have more absorbing capacity for any fiaarstress than the financial
system where the parties are more dependent and made timsactran based on their

relationship.

Other studies focus on the role of changes in lenders’ bakdrests as a mechanism to
affect the real sector of the economy after financial cri&ccording this approach, the crisis
changes the level of capital in the banking system, whicletaftee lending ability of banks and
then the overall aggregate macroeconomic activities are edféBernanke and Lown (1991),
Kashyap and Stein (1995), and Gambacorta and others (2007)). Banks belkatant and

unable too, in this situation to extend their loans.

The transmission effect of financial shocks is not only confinedsioagle country; it has a
tremendous cross-border effect as evidenced by the global spélfeerwe withessed recently.
The past two decades have characterized by a substantialbordss financial integration
leading to a smooth transmission of financial shocks from one coumtgnather. When
accounted for direct wealth effect and indirect expectation-defiect, shocks that originate in
a large foreign stock market may have non-trivial effects baratpen economies that may go
up to about 10 to 20% of aggregate output fluctuations (Milani (2010)). Suddtseffeuld
become even larger when valuation channel of external adjustntakérsaccount of (Obstfeld

(2004) and Ghironi et al. (2006)). According to this approach, the twohaiayngs of foreign
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assets have substantially increased in recent years due tasgttriénancial integration across
countries and valuation of such assets changes significantlp @uehange in exchange rate and
asset prices leading to the scope for analyzing the transmisfects of financial shocks to
other economies through valuation channel of external adjustment. Qidersshave taken
account of international equity trading in which households are allowebtuse a portfolio of
both home and foreign equities and such a situation lead to the vulntgmrafiiicome and profit
situations of domestic economies when financial shocks occurs even ireotimomy (Engel

and Matsumoto (2006)).

In view of such a tremendous role of financial sector to affecraeconomic activities, a
great deal of debate has surfaced recently regarding wieethieal banks should include stock
prices in their monetary policy rule so that the financialaesould be appropriately addressed
in monetary policy-makirfy Svensson (2000) claims that exchange rate cannot be directly
included into the monetary policy rule because output has alreadyirdeded. Smets and
Wouters (2002), however, find it worthwhile to include exchange rateometary feedback rule
when economy becomes more open. Rogoff (2004, 2006) make aware of not inekatiagge
rate into the rule as it can lead to the possible speculdfioreover, exchange rates are more
volatile and thus cannot be a good candidate for fitting it to the palley For the same reason

including asset prices has also become questionable.

The role of financial cycles to a change in the path of economiigtias is not free of
controversy, however. The emphasis on the role of assets pricepradicor of aggregate
economic activities during 1990s emerged as a result of the disappoirmrer the failure of

monetary aggregates to forecast the turbulence during 1970s and 1980eelafio®ship

8 Literatures attempting to address this issue include Swetf28600), Taylor (2001), Smets and Wouters (2002),
Rogoff (2004, 2006), Nistico (2005), and Castelnivo Eistico (2010), among others.
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between financial sector and real economy has, therefore cbasiterably unstable depending
on when the relationships were attempted to be established and aldoatocountries. (Stock

and Watson (1993)).

Bernanke and Gertler (2001), on the other hand, have a view that dxamtkars should
respond to asset prices only when the volatility in asset pooBsaffect the central banks’
inflation forecasting. When inflation targeting is in place foremonomy, which is in fact a
preferred policy regime for most of the central banks at pregealready accounts for asset
price volatility for the monetary policy implication. When the prade content of asset prices
for inflation has been accounted for through inflation targeting, tekoeild be no need of

additional response of monetary policy to asset price fluctuations.

The literatures above suggest that there is an unresolvedogukew financial sector
vulnerability in one country can affect domestic and internationatareconomy, and this study

is an attempt of answering this question.

3. Methodology

3.1 TheVAR Model

As being a purely empirical work, this study explores the &ffet U.S. financial shocks
on the U.S. macroeconomic variables as well as on the macroeconamables of G-7
countries by estimating a vector autoregressive (VAR) model.folMsv the approach adopted
by Kim (2001), according to which we estimate a benchmark WWRIdmestic variables at first

and then add foreign variables one-by-one in other VAR specifications. The modillisves.
The economy is described by a following structural equation

K(L)x = &

(1)
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wherex; is nx1 data vector which includes the variables described below and & (hatrix
polynomial in lag operatdr. e is a nx1vector of structural innovations where V@& Q. Q

is a diagonal matrix with variances of structural innovations on the diagonal.
The following reduced-form model is estimated
X = Q(L)%-1 + U (2)

where K(L) is a matrix polynomial in lag operatoandVar(u,) = > .

Assuming that B be the contemporaneous coefficient matriXXafid be the coefficient matrix

in K(L) without the contemporaneous coefficient matrix B, such that

K(L) = B + Ko(L) (3)
Then the structural model is linked to the reduced-form model as

Q(L) = -B™ Ko(L) 4)

The structural innovations and reduced-form disturbances, and their ceadavariance

matrices are linked as
Bu =6 (5)
BZB' =Q (6)

The identification is achieved by Cholesky decomposition of variaoeariance matrix of

reduced-form residual¥ , which make® matrix as triangular matrix.
3.2 Data

The major source of data is International Financial StatisiES) published by

International Monetary Fund (IMF). The study is confined only to Guhttees (United States,
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United Kingdom, Canada, France, Germany, ltaly, and Japan). Thisamoeht is relevant in
the sense that these countries have closer economic ties, ahd¢ke generated in any of these
countries have significant impact on other economies in the thigpgWe first analyze the co-
movement between federal funds rate and stock prices, and the sodate fafr this analysis is
St. Louis Fed’s daily federal funds rate (FFR) and SP500 Irfsle%(0) starting from January 7,
1957 through September 23, 2010. For all other estimations, we use gudatartanging from
199304 to 2010Q1. The starting point for the data was chosen as 19930Q4 be&adisantial
stress index, one of the major variables in the study, is biea#garting from this date. Next, we
estimate the VAR model for U.S. macroeconomic variables, whichdaslthe variables real
GDP (RGDP), GDP deflator (DGDP), Federal Funds Rate (FiR)cial stress index (FSI),
U.S. share price index (SP), Industrial Production Index (seas@ugligted) (IP), Consumption
(CONS), Investment (INV), Claims on Private Sector (CPS), atatrniational variables such as
Terms of Trade (TT), Foreign Exchange Reserves (FEXgui®y Holdings of Non-residents
(SEC_NR) (which is available only up to 2007Q3), and Real Effectichd&hge Rates (REER).
The international macroeconomic variables for G-7 countries inckaleGDP (RGDP), short-
term interest rates (R), and share price index (SPI), sgittesponding country names for each
of the variables. The source of all these data is Inierrsd Financial Statistics (IFS). For
exchange rates, we use effective exchange rates in plaodiradrg exchange rates between two
countries. Effective exchange rates are obtained by suitably wgitgie exchange rate index for
the country itself and the index of 20 other industrial countries. Ustdigation for using such
rates comes from the fact that our sample includes major irlusitintries and such rates truly

reflect the exchange rate behavior among these countries.
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The financial shock in the U.S. is measured by St. Louis Fed's\¢talaStress Index
(FSI). This measure has been constructed by using principal contp@malysis, according to
which financial stress is extracted by assuming that & @imary factor influencing a co-
movement of a group of variables (there are 18 variables in coaisisieand among them are
effective federal funds rate, Baa-rated corporate, J.P. Morgamgitrg Markets Bond Index
Plus, 3-month London Interbank Offering Rate—Overnight Index Swa@a&p@orporate Baa-
rated bond minus 10-year Treasury, Chicago Board Options ExchaagietNWolatility Index,
to name a few). All these 18 variables capture some aspfcatial stress, and when the level
of financial stress in the economy changes, these variabldkelseto move together. It is
assumed that financial stress is the most important factoipiaieing the comovement of these
18 variables. Higher values of the FSI indicate a greater degree of éihstness in the economy

and vice versa.

Table 1: Unit Root Test#

U.S. Macroeconomic Variables International Macroeconomic Variables

ADF ADF ADF ADF ADF

var | gt | VA | s var. Stat. | V& Stat. var. Stat.

RGDP -2.98 INV -3.81| RGDP_CAN -3.24 R_CAN -3.90 EAN -3.14

DGDP -3.08 CPS -2.68 RGDP_FRA -2.54 R_FRA -2.89 A -2.34

FFR -1.46 TT -1.51 RGDP_GER -2.78 R_GER -2.99 SRRGE -2.92

FSi -3.67 FEX -3.03 RGDP_ITA -2.44 R_ITA -3.72 SPAI -2.91
SP -2.75 SEC_NR -1.84 RGDP_JAP -3.52 R_JAP 5.9 _JSP -3.59
IP -2.39 REER -3.03 RGDP_UK| -3.1( R_UH -3.61 - -

#All variables are in log difference except FFR and FSI. Skom-interest rates for rest of G-7 countries are in
first difference. Tests were conducted in the specificationini¢iicepts and 5 lags
Critical values for 1%, 5%, and 10% are, respectively, ;3%481, and -2.59.

Before estimating VAR, all these variables were testduhit roots (results are
reported in Table 1). Ng and Perron (1998)’s lag length test support&ddgs for unit root
tests (Schwert’s criteria sets 10 as the maximum lagt-aallie for last equation in ADF test

for 5 lags is 2.00).
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4. Empirical Results
4.1 Interplay between Federal Funds Rate and Stock Prices

We start out our analysis by observing the behavior of federal fatelsand U.S. stock
prices. The interaction between these two variables can becthaed as the first
interrelationship that we can analyze between financial sentbittee macro economy in the
United States. The behavior is observed by estimating a VARhé&daily data starting from
January 7, 1957 to September 23, 2010. An identification strategy itoatstthe VAR is
Cholesky decomposition, according to which we assume federal futelsdoanot have
contemporaneous effect on stock prices in one specification and othearawand in another

specification as shown below.

1 O[FFR] . [FFR.] [ewa] [1 OTSPT . [ SR ] [es
{bm J{ SE’}KO(L){ selHqua”d{bﬂ J{FFR}K“”LF&H@,FFJ ()

Figure 1: Interplay between Federal Funds Rates and Btaws
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The results are shown in Figure 1. Stock prices respegdtively to the monetary shock
(that is, the shock on federal funds rate), and the effeshocks dies out after about ten days.
This result is consistent with the evidence that stock markebridspimmediately with
decreasing stock prices when there is an announcemeaisiofy federal funds rate by the Fed

and an increase in stock prices with Fed’s policy annouaicenf lowering interest rates. The
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second panel of the figure, however, demonstrates thaespense of Fed is not definite when
there a shock in stock prices. This is in consistent with Fehiavior that the Fed is reluctant to
react stock market variations immediately but Fed adoptsaliey pf wait and see until the Fed
feels that stock market vulnerability may affect its implicit inflati@nget (as suggested in
Bernanke and Gertler (1999, 2001)). The behavior ofthiehas implication for the ordering of
the variables in our extended system below, where theaddgical reason why we put stock

market variables after federal funds rate.
4.2 Transmission Effectsto Other U.S. Macroeconomic Variables

We now extend our analysis to observe the effects of tih&ncial shocks to U.S.
macroeconomic variables. For the identification of financiacklk, we again adopt a recursive
scheme as suggested by Sims (1980) and applied in Kidd)20/e apply this approach in the
basic system first and add new variables one-by-one iextieeded systems so that the impulse
responses of the variables in the basic system doeshange even in the extended system

which validates that the financial shocks were appropri&delytified.
Basic Scheme

The system with domestic macroeconomic variables compres¢sGDP (RGDP), GDP
deflator (DGDP), Federal Funds Rate (FFR), financial stres=sx (FSI) and U.S. share price
index (SP). Two recursive frameworks are used takiogpunt of two different financial
variables FSI and SP, and the ordering of the variabldseibasic system are (RGDP, DGDP,

FFR, FSI) and (RGDP, DGDP, FFR, FSI, SP) as showimeiiollowing specifications:



48

1 0 0 O|[RGDP RGDP, ] [ reor
b, 1 0 O||DGDR|_ . DGDR, | |&oco: .
b31 b32 1 0 FFR FFR[—:L € Frr

b, b, b, 1|| FSI FSI,, & re

1 0 0 O O|RGDR] 'RGDPR, | [€reor|

b, 1 0 O O0|DGDP DGDP_, | | & seop

b31 b32 1 0 0 FFR[ :Ko(L) FFR[—l +1 G rer (9)
b, b, b, 1 0| FSI FSI,, € ro

_b51 b52 b53 b53 1_ SFI) i L SFt)—l 4 L G sp i

The specifications above indicate that the realosaeacts sluggishly to monetary policy
and financial shocks (federal funds rate, finansta¢ss index, and stock price index) (first and
second equations). It is a customary assumptionrda GDP and prices respond to monetary
shocks with a lag (Christiano et al. (1996, 199BYr instance, within the quarter firms do not
change their output and prices in response to wat&d changes in monetary policy due to
adjustment costs. The argument for the sluggigborese of real sector to financial sector, on the
other hand, comes from the fact that when the resgpof monetary policy to financial sector is
not immediate (as evidenced by the analysis irfiteepart of this section) the real sector also
responds sluggishly to the financial variables.sTd@sumption is also consistent with the belief
that monetary authority is reluctant to react fitiahsector developments promptly but rather
wait for some time and appropriately respond wheeded (Bernanke and Gertler (1999, 2001)).
The financial variables as being an asset pric¢gherproxy of asset prices, however, react

immediately to changes in all the other variabfethe system (third, fourth and fifth equations).

The inclusion of financial stress index in the sfieation above requires more theoretical
justification. Cecchetti et al. (2002) simulate imitar model as Bernanke and Gertler (1999,

2001) and find that a central bank that recogn&ésibble in the dynamics of the stock market
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should react to it. This conclusion was based omplsi adding a reaction to stock prices in
Taylor rule that helps reduce overall volatilitytire economy. Bjornland and Leitemo (2009), on
the other hand, analyze the interdependence bet®enonetary policy and the S&P 500 using
structural vector autoregressive (VAR) methodoloBjornland and Leitemo (2009) uses the
similar short-run identification strategy as used this study. The study found a great
interdependence between the interest rate settigreal stock prices. Real stock prices
immediately fall by seven to nine percent due taanetary policy shock that raises the federal
funds rate by 100 basis points. A stock price shackeasing real stock prices by one percent
leads to an increase in the interest rate of dlmgebasis points. Also in support for the necgssit
of stock market behavior to be accounted for whaalyaing the dynamics of aggregate
economy, Castelnuovo E. and S. Nistico (2010)niestimation of DSGE model, find that there
is a significant impact of stock prices on real\atgt and business cycles, and their estimation

also identify a significant and counteractive Fesponse to stock-price fluctuations.

Table 1: Results on Cross Validation

Root Mean Squared | Mean Absolute Error F_Statistics*
Dependent Error (RMSE) (MAE)
Variables
in VAR
Model Model Model vl?/?&%eult Model v'\\//ilt(;l?)eult
with FSI | without FSI | with FSI with FSI
FSI FSI
RGDP 0.968 0.975 0.502 0.437| 9.93 2.53
(0.00) (0.01)
DGDP 0.855 0.852 0.302 0.306 2.23 2.43
(0.03) (0.03)
FFR 3.521 4.018 2.643 3.559| 350.88 273.35
(0.00) (0.00)
FSI 1.427 - 1.035 - 46.51 -
(0.00)

* the numbers in parentheses are p-values for F-statistics
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To substantiate this view, we also conduct a cvadislation of our VAR estimation. For
this analysis, we divide our entire sample into subbsamples and we choose a breaking point
for this division as 2002Q2, which is supported@y and Perron (2007)’'s test of structural
changes in multivariate regressions. This breakioigpt deserves relevance also based on the
fact that the famously known dot-com bubble crasiexind this time leading to the financial
crisis and then to 2001 recession. We then estimat&R for subsample period prior to this
breaking point and use the estimated parametessdbtained to forecast the variables for the
second subsample. The assessment of forecastgeduzhsed on the root mean squared errors
(RMSE) and mean absolute errors (MAE). The foreaasessment as shown in Table 1 in the
Appendix justifies for the VAR model with FSI, adMSE and MAE are mostly smaller in this

model than they are in the model without FSI. Témults are also supported by F-test.

Table3: Variance Decompositions with Order Change and with-and-withbut FS

Shocks

Model with Order Change of .
Qtrs. Benchmark Model FS| and EER Model without FSI

RGDP | DGDP| FFR FSI | RGDP| DGDP| FS| FFR RGDP DGDP F¥R

Variance Decomposition of RGDP
2 | 565 | 7.6 |27.7] 82| 565 76 | 65294 931 | 07 |62
5 | 402 | 137 |254|207| 402 | 137 |192|269| 775 | 4.4 |181
10 | 27.0 | 41.8|158|155| 27.0 | 418 |146|16.6| 705 | 10.8|18.7
15 | 281 | 40.7|158|155| 281 | 407 |146|16.7| 71.6 | 10.2|18.2
20 | 255 | 450 14.7|147| 255 | 450 |139)|156| 703 | 10.9 188
Variance Decomposition of DGDP
2 70 | 879 (00|51 70 879 | 51 [ 00| 0.4 | 995/ 0.0
5 | 126 | 812 | 07|55 | 126 | 8.2 |57 | 06| 157 | 841 | 0.1
10 | 130 | 754 | 36|80 | 130 | 754 | 80| 36| 197 | 749|53
15 | 127 | 75933 |82 | 127 | 759 | 81| 33| 242 | 69.1| 6.7
20 | 12,6 | 75536 |84 | 126 | 755 |83 |36 | 265 | 65481
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In addition, the variance decomposition with diffier ordering of the variables and the
models with-and-without FSI in Table 3 also jussfifor the financial variable to be one of the
variables that should be included in the VAR speaiion. First taking account of order change
between FFR and FSI (which has drawn much contsgyeas an example, the contribution of
financial shocks to explain RGDP and DGDP haveeased in our benchmark estimation, the
model we have used in our estimation (compare faadd numbers). When comparing the
model that includes FSI with the one that doescoatain FSI, we have compared the efficacy of
monetary policy shocks to affect RGDP and GDP and that the model performs better with
the model with FSI because the contribution of ntaryepolicy shocks to affect these two
variables has increased, at least at the begirgfitige quarters, which is in line with the goal

that central banks set in the short-run (compaitie ihumbers).

Figure 2: Responses to the Shocks in FinanciatStrelex (FSI)

Response to One S.D. Innovations +2 S .E.
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Figure 3: Responses to the shocks in Stock Prices

Response to One S.D. Innovations =2 S .E.
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Figures 2 and 3 display the estimated impulse resg® to an unexpected temporary
financial stress index. The results are consistathtthe general expectation that the economy is
negatively affected when it is hit by financial ske. The innovation to FSI, for example, has
contractionary effect on real GDP and the impadtmmediate. The FFR, on the other hand,
declines after the economy is hit by financial #spevhich is the same phenomenon we observe
during and after the crisis. The prices and fedknadls rate have also declined. The effects do

not change much when there is an innovation teefthancial stress index or in stock prices.
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Responses of Other U.S. Macroeconomic Variables

In order to observe the impulses responses of dth&r macroeconomic variables the
similar identification strategy is applied as abdw all other U.S. macroeconomic variables are
placed one-by-one in between DGDP and FFR as imateou (4) shown below. This
specification assumes that other macroeconomicabl@s are also contemporaneously

exogenous to monetary policy and financial shocks.

1 0 0 O O|RGDR] 'RGDR, | |&reor
b, 1 0 0 O|DGDR DGDR , € beop
b, b, 1 0 O0JUSMV |=K,(L)USMV; |+|&usuv (10)
b, b, by 1 0] FFR FFR., & Frr
by, by, b, by 1| FSI | | FSLy | | &rs |

where, USMV stands for U.S. domestic macroeconaai@bles, such as Industrial Production
(IP), Investment (INV), Claims on Private SectorP®), and international variables such as
Terms of Trade (TT), Foreign Exchange Reserves [FEXcurity Holdings of Non-residents

(SEC_NR), and Real Effective Exchange Rates (REER).

Figure 4 reports the impulse responses of other doestic macroeconomic variables.
The responses are also in line with general expentandustrial production (IP) and Banks’
Asset Liability Ratio (BALR) falls on the negativerritory after the financial shocks. The
difference between asset and liabilities, which bandefined as capital requirements, on the
other hand, also respond negatively to financialckl, which support the evidence that banks
face capital crisis after the negative shocks emabonomy. Claims on private sector or private
loans (CPS) and investment (INV) exhibit mixed mesges over the quarters ahead following the

shocks.
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Figure 4: Responses of Other Macroeconomic Vargable
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The financial shocks in the U.S., however, do niééch negatively for international
macroeconomic variables of the U.S. (Figure 5). fdseallts show that the terms of trade (TT),
the log of ratio of export prices to import pricdgs temporarily improved following the
financial shocks. This results may be attributeth&odeclining imports due to reduced income in
the U.S.. Foreign exchange reserves (FEX) and theéings of U.S. securities by foreigners
(SEC_NR) do not exhibit any definite pattern follogy the shocks. The exchange rates
temporarily appreciates until two quarters butrafteat follows the similar pattern as foreign

exchange reserves and the holdings of U.S. sexsubyi foreigners.
4.3 Transmission Effectsto Foreign Macroeconomic Variables

The analysis is now extended to the foreign maano@aic variables in G-7 countries.
Same as before, foreign macroeconomic variablesttakposition in between DGDP and FFR

in the VAR specification as in equation (5).

1 0 0 O O|RGDP] 'RGDP, | [€ reop
b, 1 0 0 O0|DGDP DGDP_, | |€ peop
b, b, 1 0 Of FMV, [=K (L) FMV,, |+| € (11)
b, b, by, 1 0] FFR FFR_ & FrR
_b51 b52 b53 b53 1__ FSII | L FSIt—l 1 L e[,FSI |

where FMV stands for Real GDP (RGDP), Short-terterkst Rates (R), and Share Prices (SP)

for Canada, France, Germany, Italy, Japan, and UK.

Figure 6 shows the responses of real GDP, intesgss, and share prices after the financial
crisis in the U.S.. The real GDP in the rest of Getntries decline immediately when financial
crisis hits the U.S. economy. The decline in reBRGhowever, does not last for a long period of

time.
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Figure 6: Responses of G-7 Macroeconomic Variables
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(i) Interest Rates
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Figure 6 - Continued

(iif) Share Prices
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The interest rates persistently decline followihg tinancial shocks in the U.S. The decline
in interest rates is consistent with the beliet tin@ central banks in other countries pursue the
same U.S. policy of reducing interest rates asshion to defend their economies from adverse

effects that may come from exchange rates appr@ciat

Share prices also follow the similar trend as edgéerates when there is an financial stress
in the U.S.. The G-7 countries are financially magtgrated, it is therefore customary to believe

that share markets move in the same directiornseiget countries when one country is hit by

financial crisis.

The variance decompositions in Table 4 demonstreeproportion of movement of the

variables included in the VAR specification in thesic system as resulted from different shocks.
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Table 4: VVariance Decompositions — Basic System

Qtrs. RGDP DGDP
RGDP DGDP | FFR| FSI RGDP DGDH FFR FSI
1 100.0 0.0 0.0 0.0 2.9 97.1 00 00
2 46.0 6.3 29.2 185 4.4 92.8 00 28
3 40.0 7.5 279 246 4.5 92.7 00 28
4 33.1 6.3 247 359 4.4 91.2 14 33
5 32.5 7.7 245 35.3 4.3 90.2 21 33
6 32.4 7.7 246 35.3 4.3 89.9 28 34
7 27.5 21.3 20.8 304 4.3 89.5 25 3.6
8 27.3 21.1 20.8 30.8 4.3 89.3 26 3.8
9 27.1 21.3 21.0 30.6 4.3 89.2 277 3.8
10 27.1 21.2 21.0 30.7 4.4 89.2 27 3.8
11 27.1 21.3 21.0 30.6 4.4 89.1 27 3.8
12 27.0 21.3 21.2 305 4.4 89.1 27 3.8
13 26.8 21.7 21.3 30.3 4.4 89.1 217 3.8
14 26.6 21.9 214 30.1 4.4 89.1 27 3.8
15 26.4 22.1 219 299 4.4 89.1 27 3.8
16 26.1 22.5 21.8 29.6 4.4 89.1 217 3.8
17 25.9 22.9 22.0 293 4.4 89.1 27 3.8
18 25.7 23.2 22.2 29.0 4.4 89.0 27 3.8
19 25.5 23.4 224 287 4.4 89.0 28 3.8
20 25.3 23.6 229 285 4.4 89.0 28 3.8
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Table 4 - Continued

FFR FSI
RGDP DGDP | FFR| FS RGDP DGDH FFR  F$&I
2.0 2.0 96.0/ 0.0 8.5 4.4 0.% 86/7
0.6 20.0 75.3| 4.1 10.2 12.4 0.2 771
1.0 31.3 63.8| 3.9 10.7 14.1 1.3 740
1.7 32.5 62.4| 3.3 8.2 32.4 27 5.7
2.3 36.7 58.2] 2.7 5.9 47.7 3.6 428
2.6 39.6 554 24 5.0 52.8 40 382
2.9 41.5 53.4| 2.2 4.8 54.1 45 36.6
3.2 42.7 52.1] 2.0 4.7 54.5 51 357
3.3 43.6 51.3] 1.8 4.6 54.8 55 351
3.5 44.3 50.6] 1.7 4.6 54.8 56 350
3.6 44.7 50.1] 1.5 4.6 54.7 56 351
3.7 45.0 49.9] 14 4.5 54.6 56 352
3.8 45.2 49.7) 1.4 4.5 54.6 56 352
3.8 45.3 49.6/ 1.3 4.5 54.7 57 351
3.9 45.4 49.5] 1.3 4.4 54.8 5.9 349
3.9 45.4 49.5] 1.2 4.4 54.8 6.1 346
4.0 45.4 49.4| 1.2 4.4 54.9 6.3 344
4.0 45.4 49.4| 1.2 4.4 54.9 6.p 342
4.1 45.4 49.4| 1.1 4.4 54.9 6.y 341
4.1 45.4 49.4] 1.1 4.4 54.9 6.8 339

The results show that the movement of U.S. real @GdRynificantly governed by financial
shocks, which ranges from 18.5 to 28.5 percentoupventy quarters. The financial shocks,
however, do not cause significant variations itatndn and federal funds rate. The contribution
of financial shocks for the variation of inflatioemains at around 3 percent for entire twenty
guarters, whereas it is 1 to 4 percent variatioriegheral funds rate during this period. The
smaller contribution for the variance of federahds rate is consistent with what has been
observed in our analysis at the beginning for ttterplay between federal funds rate and stock

prices where the shocks on stock prices do not Aayelefinite effect on federal funds rate.
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Table 5: Variance Decompositions - U.S. Other Macomomic Variables

Qtrs. IP BLAR
RGDP | DGDP P FFR FSI| RGDPDGDP| BLAR | FFR | FSI
1 1.7 62.8 35.5| 0.0 0.0 0.1 20.4 79.b 0,0 0.0
2 155 41.1 255 04 17.5 0.6 230 76/4 010 D.0
3 21.4 36.1 19.77 0.3 225 2.9 2490 722 013 D.1
4 20.8 38.9 19.9] 0.9 19.5 2.7 235 734 013 D.1
5 18.3 46.0 17.2 1.6 16.9 2.1 21.2 75)0 015 D.6
6 16.0 52.4 15.1 1.5 14.9 2.4 195 76,3 0(6 1.1
7 15.9 52.9 15.1 1.4 14.8 2.4 183 76,8 05 2.0
8 15.8 52.7 15.0f 1.4 15.1 2.4 16.6 777 014 2.8
9 15.7 52.2 15.1 1.6 15.% 2.4 151 78[5 014 3.6
10 15.7 51.9 15.2 1.7 15.6 2.3 138 79]3 0.4 4.2
11 15.7 51.7 15.1 1.7 15.7 2.2 127 7919 0.4 A.7
12 15.7 51.6 15.0, 1.7 15.9 2.1 119 80{2 0.4 5.2
13 15.7 51.6 15.0, 1.7 16.0 2.1 11,3 805 0.4 5.7
14 15.6 51.6 15.0, 1.7 16.0 2.1 1048 806 0.4 6.1
15 15.6 51.6 15.0, 1.7 16.0 2.1 1045 806 0.4 6.5
16 15.6 51.7 15.0, 1.7 16.0 2.0 1042 805 0.4 6.9
17 15.6 51.7 15.0, 1.7 16.0 2.0 9.9 804 05 V.2
18 15.6 51.7 15.0, 1.8 16.0 2.0 9.7 80,3 015 /.5
19 15.6 51.7 15.0, 1.8 16.0 2.0 9.6 80,2 0i6 .7
20 15.6 51.6 14.9 1.8 16.0 1.9 9.4 80,0 0(8 /.8
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Table 5 — Continued

CPS INV
RGDP DGDP CPS FFR FSI RGDH DGDP INV. FER FESI
18.5 0.6 80.9 0.0 0. 15.6 5.8 78|17 00 0.0
15.9 2.5 758 44| 1.3 13.3 15.7 69.2 1,3 D.4
14.4 15.7 65.0 3.8 1.1 111 17.7 61.5 40 5.7
18.1 17.8 58.4| 4.8 1.0 111 17.9 61.4 4,0 b.7
17.2 17.6 54.4 9.0 1.8 10.9 17.4 59.7 40 7.9
16.9 19.9 50.6 90| 3.6 13.6 17.1 56.8 3.9 3.6
15.3 20.4 48.1) 11.0 572 135 17.1 54.8 3.9 8.7
14.6 22.4 46.1) 119 5.3 13.7 17.0 5.6 40 8.7
14.6 22.2 46.2) 11.9 5.4 14.3 16.9 5.2 40 8.7
14.7 21.7 459 118 5.9 14.6 16.8 58.8 40 8.7
14.6 21.3 459 121 6.1 14.6 16.7 58.8 40 8.8
14.8 21.2 456 123 6.1 14.6 16.8 58.7 40 8.8
14.9 21.1 453 127 6.0 14.8 16.7 58.6 40 8.8
15.1 21.0 450, 13.0 6.0 14.9 16.7 585 40 8.9
15.1 21.0 446 134 59 14.9 16.7 53.5 41 8.9
15.0 21.2 4411 138 5.9 14.9 16.7 585 41 8.9
14.9 21.5 436/ 142 58 14.9 16.7 53.5 41 8.9
14.8 21.6 43.2| 1449 5.8 14.9 16.7 585 41 8.9
14.8 21.8 428/ 150 5.7 15.0 16.7 534 41 8.9
14.7 22.0 424 153 5.6 15.0 16.7 534 41 8.9

As demonstrated in Table 5 for other U.S. macroecoa variables, industrial production
shares significant proportions of variations reagltfrom financial shocks, which is around 16
percent for most of the quarters and second aftee phocks. Financial shocks have contributed
moderately for the variations in banks’ capitalipos and in private loans. The movement in
investment attributed to financial shocks is neanye-tenth among the contributions of other

shocks.
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Table 6: Variance Decompositions - U.S. Internatiorariables

Qtrs. TT REER
RGDP | DGDP| TT| FFR FSI RGDR DGDP REER FHR
1 0.4 7.9 917 0.00 0.0 0.6 7.1 92.3 0.0
2 4.2 3.9 88.2 0.9 2.9 0.7 31.9 67.1 02
3 13.2 9.1 70.§ 3.5 3.6 1.4 29.8 64.6 0/6
4 20.0 116 | 583 7.3 2.8 1.7 31.7 62.4 0|6
5 24.0 10.3 | 53.1 10.0 2.6 1.9 31.6 59.5 07
6 25.7 120 | 49.0 109 24 2.4 315 58.7 110
7 27.4 121 | 468 111 2.6 2.4 31.6 58.6 1{0
8 28.8 11.8 | 456 11.0 2.8 2.4 32.6 56.9 1.0
9 29.6 115 | 450 109 29 2.3 32.6 56.3 11
10 30.1 115 | 445 109 3.0 2.3 32.6 56,2 11
11 30.5 115 | 442 108 31 2.3 33.1 557 11
12 30.8 114 | 440 10J)y 31 2.3 33.9 5419 1.2
13 31.0 11.3 | 440 106 3.1 2.3 34.2 546 1.3
14 31.1 11.3 | 440 106 31 2.3 34.2 544 1.4
15 31.2 112 | 440 105 31 2.3 34.4 542 1.5
16 31.2 112 | 440 105 3.1 2.3 34.5 54)0 1.6
17 31.2 11.3 | 439 10b5 3.0 2.3 34.5 53)9 1.6
18 31.2 11.3 | 439 106 3.0 2.3 34.5 53)9 1.7
19 31.1 114 | 438 106 3.0 2.3 34.4 53)9 1.7
20 31.0 115 | 438 10y 3.0 2.3 34.4 53)9 1.7

N W o W i |
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FXRES SEC_NONRES
RGDP | DGDP| FXRES| FFRFSI| RGDP| DGDP| SEC_NONRE$ FFR  F$I
0.1 0.9 99.0 0.0 0.0 0.5 1.9 97.5 0.0 0.0
0.4 6.7 89.4 35 0.0 124 1.6 85.1 0.p 0.7
0.3 8.1 87.3 35 09 134 5.2 80.5 0.8 0.6
0.8 9.9 83.5 34 25 144 7.5 75.4 0.7 2.0
0.9 12.1 81.2 34 24 125 6.6 76.1 20 2.8
0.9 13.0 80.3 34 25 133 6.4 73.7 22 4.5
0.9 13.9 79.4 34 24 128 8.2 72.5 21 4.3
0.9 14.0 79.2 34 25 14.7 8.9 71.0 22 4.2
0.9 14.1 79.2 34 25 140 8.3 70.3 2.4 5.0
0.9 14.1 79.1 34 25 139 8.3 69.8 24 9.7
0.9 14.1 79.1 34 25 140 8.6 69.4 24 5.6
0.9 14.2 79.0 34 25 144 8.6 68.9 2.4 5.7
0.9 14.2 79.0 34 25 144 8.9 68.5 24 6.1
0.9 14.2 79.0 34 25 144 8.9 68.3 2.4 6.3
0.9 14.2 79.0 34 25 145 8.5 68.1 25 6.3
0.9 14.2 79.0 34 25 14.4 8.9 67.9 2.5 6.4
0.9 14.2 79.0 34 25 144 8.9 67.8 2.6 6.6
0.9 14.2 79.0 34 25 14.4 8.9 67.7 2.6 6.6
0.9 14.2 79.0 34 25 147 8.9 67.6 2.7 6.6
0.9 14.2 79.0 34 25 147 8.5 67.5 2.7 6.6

Table 6 shows the variance decomposition for Ur8ermational macroeconomic

variables. The contribution of financial shockséuse variation in international macroeconomic

variables is trivial, which is no more that 10 g for all variables under analysis. The

variation in terms of trade, for example, is onlyp8&rcent, whereas it is 8 percent for real

exchange rates owing to financial shocks. The otl@nestic shocks govern a significant

proportion of variations in international variahld$irty one percent variation in terms of trade

is attributed to the shocks in real GDP and priuecks contributes as much for the variation in

exchange rates at the end of twentieth quarter.
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In Tables 7 — 9, we report variance decompositimsinternational macroeconomic
variables for G-7 countries. The numbers in thdetalare the proportions of variations on the
variables under analysis resulting from only finahshocks, thus one should not be confused

that the numbers do not add up to 100 percentdicin guarter.

Table 7: Variance Decompositions - G-7 Real GDR(Bh to U.S. FSI)

Qtrs.| RGDP_CAN| RGDP_FRA| RGDP_GER| RGDP_ITA| RGDP_JAP, RGDP_UK
1 0.0 0.0 0.0 0.0 0.0 0.0
2 11.3 4.8 4.6 1.4 0.0 19.4
3 12.0 5.0 5.1 1.2 0.0 18.7
4 14.8 6.1 6.3 1.2 0.6 18.6
5 14.2 6.1 6.3 1.7 0.5 18.2
6 13.8 6.4 6.7 2.5 0.5 18.5
7 13.7 6.2 6.5 2.7 0.5 17.7
8 14.5 6.2 6.6 4.3 0.5 17.8
9 14.7 6.2 6.5 5.7 0.5 17.6
10 14.7 6.2 6.5 5.6 0.5 17.5
11 14.7 6.2 6.5 5.7 0.6 17.6
12 14.7 6.2 6.5 6.7 0.6 17.5
13 14.7 6.2 6.5 7.1 0.6 17.5
14 14.7 6.2 6.5 7.2 0.6 17.5
15 14.7 6.2 6.5 8.2 0.6 17.5
16 14.7 6.2 6.5 8.8 0.6 17.5
17 14.7 6.2 6.5 9.4 0.6 17.5
18 14.7 6.2 6.5 10.0 0.6 17.5
19 14.7 6.2 6.5 10.1 0.6 17.5
20 14.6 6.2 6.5 10.1 0.6 17.5

Table 7 demonstrates that financial shock in tH&. Has some role for the variation in real
GDP of rest of G-7 countries. Nearly ten to fiftggercent variation in real GDP in Canada, for
example, is dictated by the financial shocks inth8.. Also, nearly as much variation in real
GDP in the U.K. is governed by the same U.S. firlnghocks. The effect on rest of other

countries’ real GDP is moderate.
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Table 8: Variance Decompositions - G-7 IntereseR@BEhocks to U.S. FSI)

Qtrs. | R _CAN R_FRA R_GER R ITA] RJAPF R UK
1 0.0 0.0 0.0 0.0 0.0 0.0
2 1.7 0.0 17.0 17.1 1.7 22.0
3 2.2 5.7 23.3 25.9 2.2 30.5
4 2.2 7.7 22.0 25.2 2.2 27.4
5 2.1 7.6 19.0 24.2 2.2 23.4
6 1.9 7.1 16.0 21.4 2.4 20.3
7 1.9 7.3 15.7 21.1 2.4 20.0
8 1.9 7.8 15.3 20.9 2.4 20.0
9 1.9 7.8 15.0 20.8 2.4 20.0
10 1.9 7.8 14.7 20.7 2.4 19.9
11 1.9 7.7 14.6 20.6 2.4 19.9
12 1.9 7.8 14.6 20.6 2.4 19.9

13 1.9 7.9 14.5 20.4 2.4 19.9
14 1.9 7.9 14.5 20.3 2.4 19.8
15 1.9 8.0 14.4 20.1 2.4 19.7
16 1.9 8.0 14.3 19.9 2.4 19.7
17 1.9 8.0 14.3 19.8 2.4 19.6
18 1.9 7.9 14.2 19.6 2.4 19.5
19 1.9 7.9 14.1 19.5 2.4 19.4
20 1.9 7.8 14.1 19.4 2.4 19.4

Financial shocks in the U.S. are also a signifidactor to govern nominal short-term
interest rates in G-7 countries. The U.K. demotss$réhe similar trend as with real GDP for the
interest as well, where nearly 20 percent variatomes from financial shocks in the U.S..
Interest rates in Japan is less responsive toitlaadial shocks in the U.S., potentially for the
reason that the interest rates in Japan are atlerjevels compared to other countries during
the sample period and there is no room for it toveneven though U.S. financial shocks put

pressure on it.
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Table 9: Variance Decompositions - G-7 Share Pi8ascks to U.S. FSI)

Qrs. | SP_CAN| SP FRA SP GER SP_ITA SP JAP
1 0.0 0.0 0.0 0.0 0.0
2 8.4 4.7 1.1 4.2 8.0
3 8.1 4.5 1.3 5.9 8.4
4 9.8 5.6 2.5 6.0 10.2
5 8.9 5.1 2.4 5.4 9.2
6 9.2 5.3 2.7 4.9 10.1
7 9.0 5.4 2.9 4.9 10.0
8 9.1 5.4 2.9 5.0 10.0
9 9.0 5.3 2.9 5.0 9.9
10 9.0 5.3 3.0 5.1 9.9
11 9.0 5.3 3.0 5.1 9.9
12 9.0 5.3 3.0 5.1 9.9
13 9.0 5.3 3.0 5.2 9.9
14 9.0 5.3 3.0 5.2 9.9
15 9.0 5.3 3.0 5.2 9.9
16 9.0 5.3 3.0 5.2 9.9
17 9.0 5.3 3.0 5.2 9.9
18 9.0 5.3 3.0 5.2 9.9
19 9.0 5.3 3.0 5.2 9.9

20 9.0 5.3 3.0 5.2 9.9

For share prices, Canada and Japan dominate athetries in responding to financial
shocks in the U.S.. Nearly ten percent variatiomghie share prices of these countries are
governed by U.S. financial shocks. The variatianshare prices in Italy and France amount
only about 5 percent where it is only 3 percenGarmany that results from financial shocks in

the U.S..
5. Conclusion

In view of the fact that the financial crisis ongied in the U.S. recently led to a global
catastrophe, the study on transmission effectsisfctisis worldwide has now been on the center

of investigation. With an objective to provide anwplementary analysis to the existing
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literatures, this study estimates a VAR model tenidy the financial shocks in the U.S. and
observe their effects on U.S. and internationalroemnomic variables. As a starting point, we
analyze the interaction between Federal Reservetetary policy-making and the development
in the U.S. financial sector by estimating a twaoialsle VAR for federal funds rate and U.S.
stock prices for daily data starting from 1957. eThenchmark results show that the financial
shocks in the U.S. stock market does not exhibjt definite effect on the behavior of federal
funds rate, but the effect of monetary policy slsoekerts a negative effect on stock prices.
Other U.S. macroeconomic variables also exhibieetgu responses following the shocks in the
U.S. financial system. The positive innovation té&sUfinancial stress index (FSI), for example,
has negative impact on U.S. real GDP and induggriduction. The U.S. international variables
also also negatively after the financial shockgaU.S.. The international transmission effect of
U.S. financial shocks is also in line with the esta¢ion, leading to a decline in the real GDP in
the rest of G-7 countries following a financialests in the U.S. This shock also leads to a decline
in the interest rates in all other countries, dmel $tock market in other countries also move in

tandem with U.S. market following the shock.

Since this study is a preliminary attempt to idgnthe U.S. financial shocks and their
transmission effects on the dynamics of domestitiaternational macroeconomic variables, the
study is not far from criticism. One of the majssues that should be taken account of is the
degree of exogeneity between monetary policy aocksinarket behavior. There is a great deal
of debate among economists regarding whether gstwaket behavior should be included in
monetary policy rule or not, and there is no congplegreement available as of now. In this
study also, for example, if the ordering of theiakles is changed such that financial variables

(FSI and SP) come before FFR, making financialaldeis more exogenous to FFR, the results
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show that the response of RGDP do not change folpthe shocks on FFR (monetary policy

shocks) but the FSI responded positively, as ogptisaegative response of FFR to the financial
shocks. This result indicates that more works rtedee done to resolve the issue of exogeneity
between monetary policy and financial sector tawapthe better transmission mechanism that

relates financial sector and macro economy.
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CHAPTER 4
SUMMARY AND CONCLUSION

The purpose of this dissertation is to study tHeot$ of U.S. real, nominal shocks, and
financial shocks on key macroeconomic variable&ii countries. We estimate VAR models
and the results are found to be consistent with pteglictions of standard macroeconomic
models. The impulse responses of U.S. real GDRivelto the rest of other countries to the
supply shocks, for example, results in a rise i8.d.real GDP compared to other countries’
following the supply shocks in the U.S.. Thereeasgistence in relative real GDP after the supply
shocks whereas it exhibits hump-shape in respomsgominal shocks such as demand and

monetary shocks.

The real effective exchange rates also demonstnateonsistent behavior following the
supply shocks. The relative real effective exchamages depreciate in all G-7 country pairs when
there is a positive supply shock in the U.S.. Ttiece of monetary shocks to the real exchange
rates also matches the model’s prediction in mdsthe country pairs resulting in real
depreciation of home currency in response to theatawy shocks in the U.S.. As contrary to the
model’s prediction, the exchange rates, howevenat@ppreciate when U.S. economy is hit by
demand shocks. The effect of monetary shocks argistent with the model for all country pairs
resulting in a rise in the U.S.’s relative pricasrésponse to monetary shocks in the U.S.. The
behavior of prices after the supply shocks is roegpected. The expected negative effect of

supply shocks to relative prices as predicted byntlodel is observed only for U.S./Canada pair.

The analysis of variance decompositions confirnt that the movement in relative real

GDP for all country pairs is mainly attributed toetsupply shocks. The movement in real
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effective exchange rates, on the other hand, isilgn@overned by demand shocks, whereas

monetary shocks are dominant to explain relativeepnovement.

After the sign restrictions, the gap in growth rdierential in real GDP between the U.S.
and other countries narrows down following a supgtpcks in the U.S., but following the
demand and monetary shocks the growth rate ofGB#& in the U.S. economy is higher than the
growth rate of real GDP in the rest of the coustrid-or the differential in inflation rates, the
domestic inflation falls shorter than the foreigflation after supply shocks in the U.S., and the
opposite happens when demand and monetary shdckehi.S. economy. The exchange rates
demonstrate a noteworthy behavior following thepdyighocks, resulting in most of the country
pairs a smaller appreciation rate in the U.S. tih@nappreciation rate in the foreign economy at
the beginning and this effect dyes out after fewrtgrs. This suggest that not only monetary and
demand shocks cause exchange rate overshootinguppty shocks are also attributable for

exchange rate overshooting.

We also estimate a VAR to identify U.S. financiabsks and observe their effects on key
U.S. and international macroeconomic variables. Titeraction between Federal Reserve’'s
monetary policy-making and the development in th&.Uinancial sector is analyzed at the
beginning by estimating a two variable VAR for femldunds rate and U.S. stock prices for daily
data starting from 1957. In consistent with thaghwor of Federal Reserve in responding stock
market, the results show that the financial shaokihe U.S. stock market does not cause any
definite effect on the behavior of federal fundserarhe effect of monetary policy shocks,

however, exerts a negative effect on stock prices.

All other U.S. macroeconomic variables also exhiipected responses following the

shocks in the U.S. financial system. The U.S. @aP and industrial production, for example,
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are negatively affected by a positive innovatiortt&. financial stress index (FSI). The banks’
capital position deteriorates following the shocRsivate loans and investment demonstrate
mixed effects. The international transmission éfté¢dJ.S. financial shocks to G-7 countries are
also in line with the expectation, resulting in eckhe in the real GDP in the rest of G-7
countries following a financial stress in the U.Bareign interest rates and stock prices both
decline when U.S. experiences financial shocks. #iese effects indicate that the
macroeconomic variables in G-7 countries move imdéan with each other when the U.S.

undergoes a financial shock.

Since this study is a preliminary investigation itentify the U.S. real, nominal, and
financial shocks and their transmission effectstlma dynamics of domestic and international
macroeconomic variables, the study is not far fronticism. The effects of U.S. shocks on
international macroeconomic variables through tetrade and interest rate differentials have
been ignored in this study but by addressing 8s8e, a realistic transmission mechanism of the
effects of shocks from one country to other coestis expected. In analyzing the effects of
financial shocks on real sector, one of the masues that should be taken account of is the
degree of exogeneity between monetary policy aocksinarket behavior. There is a great deal
of debate among economists regarding whether stoaket indicator should be included in
monetary policy rule or not, and a complete agreensestill far-fetched. In this study also, for
example, if the ordering of the variables is chahgech that financial variable (FSI) are placed
before FFR, that is, making financial variables enexogenous to FFR, the results show that
even though the response of RGDP do not alter ihath following the shocks on FFR
(monetary policy shocks) but the response of F&@hgks and it is now positive as opposed to

negative response of FFR to the financial shocksréeThis result indicates that more works



72

need to be done to resolve the issue of exogebettyeen monetary policy and financial sector

to capture the better transmission mechanism.
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ABSTRACT

INTERNATIONAL TRANSMISSION OF U.S. NOMINAL, REAL, AND
FINANCIAL SHOCKS

by
BAMADEV PAUDEL
May 2011
Advisor: Robert J. Rossana
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Degree: Doctor of Philosophy

This dissertation identifies real, nominal, andafinial shocks in the U.S. and observes
their effects on U.S. as well as G-7 macroeconomai@bles. First, the real and nominal shocks
in the U.S. are identified by using long-run implions of an open economy stochastic
macroeconomic model, and the effects of these shaek observed in real GDP, real effective
exchange rates, and the prices for the U.S. reldbveach of six other G-7 countries. While
Blanchard and Quah’s long-run identification stggtés used to identify the shocks, short-run
implication of the model are also exploited, asrianp facie evidence, by applying appropriate
sign restrictions in the contemporaneous coefficraatrix in the VAR estimation. Consistent
with the model’'s predictions, a positive supply dhoesults in an increase in relative U.S. real
GDP and a real depreciation of U.S. currency witereaninal shocks in the U.S. lead to an
increase in relative U.S. real GDP and relative . pBces. The application of short-run
dynamics with proper sign restrictions producesharge rate overshooting following the U.S.
real shocks. Second, A VAR is estimated to prowd®gpirical evidence on the international

transmission of U.S. financial shocks on the UsSSwall as on the rest of G-7 macroeconomic
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variables. A shock to the U.S. financial sectorsesua negative and immediate impact on U.S.
real GDP and industrial production. Banks’ cappakition deteriorates immediately whereas
exchange rates and foreign exchange reservesiaitsiatorsen after few quarters of shocks
hitting the U.S. economy. The international trarssiun effects demonstrate that transmits a
negative effect on real GDP and stock prices inrés¢ of G-7 countries. The U.S. shocks also
lead to a decline in the interest rates in all ottwuntries, showing that other countries follow

the U.S. policy of reducing interest rates afteéigger of the crisis in the U.S..
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