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1. Introduction.

During the six years ending in 2003 the consumer price index in Hong Kong fell
by 15 percent. During the same period the unemployment rate increased to 8.7% in the
third quarter of 2003 from 2.1% in the third quarter of 1997. By any definition this must
be what we mean by deflation. In this paper we attempt to explain the main features of
the deflation process by estimating and interpreting a set of equation describing the
interrelationships between domestic inflation, wage changes, the output gap,
unemployment, and their mutual dependence on foreign economic conditions. Our
purpose is to see whether the deflation can be explained by a standard macroeconomic
approach involving foreign and domestic shocks together with a conventional
propagation mechanism. We conclude that the deflation process in Hong Kong can
indeed be understood in these terms where the main sources of shocks are of foreign
origin, and where the propagation mechanism involves somewhat sluggish wage
adjustments. We also find evidence suggestive of changes in the propagation mechanism
in the post-1997 period.

The remainder of the paper is organized as follows. In the next section we present
some stylized facts about the recent deflationary period, including the evolution of
domestic and foreign price and business cycle indicators. These stylized facts suggest a
prima-facie case for a dominant role of external shocks in the deflation process. This
hypothesis is tested in subsequent sections. In section III we use Granger-causality tests
and a semi-structural vector autoregression model to document the importance of external
price and output shocks for the evolution of prices, wages and unemployment in Hong
Kong. We also find, however, that domestic factors are important in the short to medium
run, especially for wages and unemployment. Section IV provides a structural
interpretation of these findings. A brief concluding section ends the paper.

I1. The Nature of the Current Deflation in Hong Kong.

The current deflation began in 1997/98. Measured by the implicit GDP deflator
the price level peaked in the 4™ quarter of 1997, and the consumer price index started
falling three quarters later. From their respective peaks the indices have fallen by 23%
and 17% respectively (Figure IL.1).

Other important indicators of nominal prices and costs have evolved in a similar
manner. For example, the property price index fell from a value of 104 at its peak in the
3" quarter of 1997 to 35.5 in 2003:2. While nominal wages have not fallen during the
price deflation, their growth rate has declined from an annual rate of about 7% during the
five years before the start of the deflation to essentially zero since (Figure I1.2)."

Prices of goods imported into Hong Kong and a weighted average of consumer
prices in Hong Kong’s main trading partners have also followed generally downward

' From 1992:4 until 1997:4 nominal wages rose by 36.9%, and from 1997:4 to 2003:1 the growth rate was
-.1%.



paths in recent years, but the start of their decline happened earlier. The unit value of
imports peaked two years before the domestic GDP deflator, and has fallen by some 19%
since then. The weighted average of trading partners CPIs (expressed in terms of HKD)
stopped rising in the middle of 1995, fell close to 10% during the following three years
before recovering and again reaching the 1995 level in the middle of 2003. (Figure I1.3).

These developments should be interpreted against the background of the
currency-board arrangement in place in Hong Kong which implies a virtual peg of the
HKD to the USD at the rate of 7.8 HKD/USD.” Together with the highly open nature of
the economy, the fixed exchange rate implies that external events should play an
important role for domestic price movements. Indeed one of the hypotheses we will
investigate is the extent to which the current price deflation is completely externally
determined. An alternative possibility is that external developments constitute the
principal fundamental shocks, but that domestic factors have an important role in the
propagation mechanism of these external shocks. We will also investigate a third
hypothesis which has frequently been articulated namely that the property price decline,
the start of which precedes the decline in the general price level, is an important
independent cause of the deflation.

Deflation would be relatively innocuous if it simply meant declining nominal
variables and if employment and output were unaffected. The problem of course is that
such a neat dichotomy may not be present. In Hong Kong, the evolution of indicators of
real economic activity suggests that there might be some reason for concern. The
unemployment rate has been rising at a seemingly accelerating rate from its trough in
1990 of about 1% of the labor force to around 3% in 1996 to close to 9% in mid-2003.
(Figure 11.4) At the same time output growth has been slowing steadily from the 5-6%
range in the late 1980s to the 2-3% range in the past five years. Cyclical indicators show
sharp declines in economic activity in the immediate aftermath of the South-East Asian
Crisis and again in 2001-2. The extent to which the price deflation in the past six years
has contributed to the slowing down of real economic activity will be investigate later in
the paper. Here we simply note that at least the cyclical swings in the Hong Kong
economy follow quite closely, but with higher amplitude than those in the main trading
partners. (Figure I1.5)

? The value 7.8 represents a ceiling for the exchange rate and formally there is no floor. However, the
fluctuations have been minimal from the point of view of pass-through of foreign price changes. The lowest
value of the Hong Kong dollar during the past 10 years is less than one percentage point from the
maximum.
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Figure I4:Unem plbym entrate
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I1I. Inflation dynamics: causality tests and evidence from semi-structural models.

In this section we show that a description of inflation dynamics in Hong Kong
requires first and foremost careful attention to international influences in the form of
world price, interest rate and output movements, reflecting external cost and demand
factors. But our evidence also indicates that a full understanding of the short- to medium-
term dynamics of domestic prices requires taking account of the interaction between
prices, wages and economic activity in the Hong Kong economy. Finally we argue that
property price developments do not appear to have had an important independent role in
the inflation process, but have instead reacted endogenously to the external influences

that also drive inflation more generally.



II1.1 Granger-causality tests.

Genberg and Pauwels (2003) [hereafter GP] present extensive evidence from
Granger-causality tests and bivariate vector autoregressions (VAR) between domestic
prices (both the CPI and the GDP deflator), domestic nominal wages, property prices and
several measures of international prices (CPI in the United States, a weighted average of
CPIs in Hong Kong’s main trading partners, and import prices). For our purposes here,
the results in that paper can be summarized in three points. First, even though the Hong
Kong dollar is fixed in relation to the US dollar, price developments in the United States
do not have a particularly strong influence on Hong Kong prices and wages. Second, a
weighted average of consumer prices in HK’s main trading partners and a measure of HK
import prices do have strong influences on both the local consumer price index and the
GDP deflator. Import prices influence local wages and property prices as well. Third,
there is a mutual interdependence between HK wages and the GDP deflator.

The Granger-causality tests in GP (2003a) were based mainly on bivariate
regressions. This opens up the possibility that the relationships found are the consequence
of common effects of third variables. To investigate this possibility we conduct block
exogeneity test in a VAR system that includes four domestic variables (the GDP deflator,
nominal wage rates, the nominal property prices, and the unemployment rate) and three
foreign variables (the US three-month T-Bill rate, unit value of Hong Kong imports, and
a measure of the output gap in Hong Kong’s main trading partners). We estimate the
VAR system both in levels and in quarterly rates of change.” The results are presented in
Table II1.1. For each of the four domestic variables we conducted tests for the exclusion
of the lags of the exogenous variables. Only those variables whose lags are significant at
the 10% level or lower are shown in the table.

The results confirm and extend those found in GP (2003a). First, foreign factors
have significant effects on each of the four domestic variables included in the system.
Lagged import prices have significant effects on both the GDP deflator and nominal
wages. They also influence the unemployment rate in the level specification. The US
interest rate has an impact on the GDP deflator in the level specification and on property
price inflation in the growth rate specification, and the external output gap influences the
domestic unemployment rate in the system estimated in growth rates. Second, the
interaction between domestic variables remains after we control for the effects of foreign
variables. The exact nature of the interaction depends on whether we consider the level or
growth rate specifications, but some patterns can be discerned;”* (i) the GDP deflator
influences and is influenced by nominal wages, (ii) the unemployment rate has an impact
on wages, and (iii) wages influence the unemployment rate.

? In each case the unemployment rate, the T-Bill rate, and the foreign output gap are measured in
percentages.

* The significance level of the interaction terms between the domestic variables is also affected by the lag
length in the VARs. The importance of foreign variables, however, is robust.



Table I11.1: Granger-causality tests

Log-levels' p-values of a test for the exclusion of 2 lags of
GDP deflator Nominal wages 0.09
Import prices 0.00
US 3-M T-Bill rate 0.06
Nominal wages Unemployment rate 0.06
Import prices 0.01
Nominal property prices GDP deflator 0.03
Unemployment rate Import prices 0.10

2

Quarterly rates of change p-values of a test for the exclusion of 4 lags of

GDP deflator Import prices .01

Nominal wages GDP deflator 0.01
Unemployment rate 0.10
Import prices 0.02

Nominal property prices GDP deflator 0.02
Nominal wages 0.02

US 3-M T-Bill rate 0.10

Unemployment rate Nominal wages 0.07
World output gap 0.07

'The unemployment rate is measured in percentage points. As exogenous variables, the estimated
equations include US 3-month Treasury Bill rate, the log of import prices, and a measure of the ‘world’
output gap. All equations were estimated with two lags of the independent variables.

? The unemployment rate is measured in percentage points. As exogenous variables, the estimated
equations include the US 3-month Treasury Bill rate, the quarterly rate of change of import prices, and a
measure of the ‘world’ output gap. All equations were estimated with four lags of the independent
variables.

The importance of external factors is not surprising in view of the size and
openness of the Hong Kong economy, the currency board system, and the absence of
controls on capital movements. A rigidly fixed exchange rate and free movements of
capital implies that credit conditions in Hong Kong will be determined predominantly in
the international market as captured here by the US Treasury Bill rate. The internationally
determined credit conditions will in turn influence macroeconomic conditions through
their effects initially on asset prices (e.g. property prices), consumption and investment
and ultimately on the general level of aggregate demand, output, and the price level.
Furthermore, given the fixed exchange rate, external price developments will have an



impact both on domestic consumer goods (and therefore on the CPI) and on imported
inputs. As we will document more in detail below, the variations in the cost of imported
inputs appear to be an important source of inflationary, and deflationary, pressures in
Hong Kong.

Finally, external business cycle conditions as measured by the aggregate output
gap in the main trading partners will be important for aggregate demand for Hong Kong
output. The extreme openness of the economy means that variations in export demand is
very important for the local economy. In addition it is likely that domestic economic
agents will form expectations about future incomes on the basis of external
developments, and this in turn will influence domestic demand.

The dependence of the domestic economy on external factors does not mean that
local developments are unimportant, but it suggests that some of these developments may
be determined partly by external events. For example, Peng, Cheung and Leung (2001)
have shown that property price developments can have significant effects on domestic
aggregate demand and hence on inflation through wealth and balance sheet effects.” This
is not inconsistent with our results which suggest that property price developments do not
Granger-cause inflation or output in a multivariate context, because we would argue that
property prices themselves are in part endogenous.

In the next section we propose a methodology for measuring the relative
importance of foreign and domestic factors for domestic macroeconomic fluctuations in
general and for the current deflation in particular.

I11.2 Evidence from a semi-structural VAR.®

To estimate the relative importance of domestic and foreign shocks in the Hong
Kong economy we use the framework developed in Genberg, Salemi, and Swoboda
(1987) and applied to Hong Kong in Genberg (2003). We update the estimations carried
out there using data until the first quarter of 2003, and we also extend the analysis by
paying greater attention to the explanation of the post 1997 period.

The estimation framework is a block-triangular VAR as in equation (1)

(yzj:(Dn(L) DIZ(L)][J/HJ+[8’J (1)
X 0 D,, (L) \ x,, N,

The vectors y, and x, contain respectively the domestic and foreign variables of
interest. The triangular form of the matrix of coefficients on the lagged variables
embodies the small open economy hypothesis according to which domestic variables

have no influence on foreign variables. The system (1) can be thought of as a reduced
form of a general dynamic macroeconomic model of the home economy in which the

> We are grateful to a referee for drawing our attention to this study and that of the IMF mentioned in
footnote 8 below.
% This section draws heavily on Genberg (2003).



small economy assumption is maintained. The reduced form errors ¢, and #, will be
functions of the structural errors, but the small economy hypothesis ensures that 7, will
not contain any errors from the domestic structural equations. The block-triangular
structure therefore allows us a semi-structural interpretation of (1), namely that #, only
contains foreign shocks. This will allow us to construct a measure of the relative
importance of foreign versus domestic shocks in the economy.

The moving average representation of y; and x; is given in (2)

-1
[J’zj ny _(DII(L)L Dy, (L)L) (Szj @)
x, 0 D,, (L)L n,
From this we can write the forecast error at horizon / of each element of y; as a linear
combination of the VAR errors to the equation for the domestic and foreign variables

Dk F h
Vien —E i) = ZZ@M Eqm T ZZ‘V PR YA 3)

d=1 =1 =1 1=1

The variance of the forecast error is

h h

F h D
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1 1=1 f=11=1 d=1 f=1 I=1

D
V[yi,r+h - Et (yi,z+h )] = 4
In view of the small-economy assumption that says that domestic shocks do not influence
foreign variables, it must be that case that the contemporaneous correlation between the
VAR errors g and 7, must be due to the contemporaneous effect of x; on y, and not vice
versa. Hence we can decompose the variance of the forecast errors into a domestic part
which is the first term of the right hand side of (4) and a foreign part corresponding to the
second and third terms. A convenient way to achieve an equivalent decomposition is to
estimate the variance-covariance matrix of the VAR errors and render it diagonal by a
Choleski decomposition in which the foreign variables come first in the ordering. This
effectively ensures that the contemporaneous correlation between ¢, and #;, is due to the
contemporaneous effect of x on y. Then we get

V[yi,z+h -E, (yi,t+h )] = D[,h + E,h

where

h D F h
v fz'Jan/ D028V 0, n,

D;, (F; 1) stands for the domestic (foreign) contribution to the forecast error variance of y;
at horizon 4. The relative contribution of foreign variables to the forecast error of each
domestic variable is therefore simply



RELf, = — (5)
’ D  +F

i,h i,h

To compute this we first estimate the VAR as shown in (1), i.e. imposing the
block-triangular structure between domestic and foreign variables. We then orthogonalize
the errors using the Choleski factorization of the variance-covariance matrix. Finally we
calculate the forecast error variance decomposition and compute REL" for each of the
domestic variables. We use the same variables as in the Granger-causality tests, namely
the GDP deflator, nominal wage rates, nominal property prices, and the unemployment
rate as domestic variables and the US 3-month Treasury Bill rate, unit value of Hong
Kong imports, and a measure of the output gap in Hong Kong’s main trading partners as
the foreign variables.’

The estimates of the relative importance of foreign shocks in the Hong Kong
economy given in Table III.2 are consistent with those presented in Genberg (2003).
Forecast errors of the GDP deflator are predominantly due to foreign factors at horizons
longer than 4 quarters. The same can be said for property prices. Nominal wages are
influenced by a larger proportion of domestic shocks at short- to medium horizons, and
the measure of the relative importance of foreign shocks only reaches 50% at the 3-year
horizon. The unemployment rate lies in between the two price indices and the wage rate
in terms of its dependence on foreign variables. At the horizon of one year two-thirds of
the forecast error variance is accounted for by domestic shocks but this proportion falls to
less that one third at the 3 year horizon.

7 All variables except the unemployment rate, the US interest rate, and the world output gap were expressed
in log-levels. Five lags of each variable were included in each equation. Genberg (2003) contains
robustness checks of the main results using different combinations of domestic and foreign variables, and
different lag lengths in the VAR.
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Table I11.2. Contribution of foreign variables to the forecast error variance of
domestic variables.'

(Percent)
Horizon pePr W U prROP
1 24 6 2 4
4 64 5 33 56
8 73 22 60 77
12 77 50 72 79
16 82 68 75 82

! Sample period: 1984:1-2003:1. The domestic variables are the log of the GDP deflator (P°°" ), the log of
nominal wages (W), the unemployment rate in percent (U), and the log of the property price index (P"*°F).
The foreign variables are the US three-month Treasury bill rate, the log of the unit value of imports of
Hong Kong, and a measure of the foreign output gap.

What do the estimates imply for the sources of the deflation since 1997? One way
to answer this question is to make use of the fact that in VARs it is possible to decompose
the in-sample actual value of each variable into one part that is forecast on the basis the
estimated dynamics of the system and another part that depends on shocks that have
occurred during a particular time period. To be specific, equation (3) above can be
rewritten as

D h F ok
Yie = Vieen = E._, (yi,t _yi,t—h)+zz<:d,l € g mhi +ZZ\V AR X, (6)

d=1 =1 f=11=1

The interpretation of this relationship is as follows. The actual change in the
variable y; from time #-4 to time ¢ can be decomposed into (i) a forecast or expected
change (as of period #-4) which is the first term on the right hand side, (ii) the
consequence of shocks to domestic variables in the time interval #-4 to ¢ (the second
term), and (iii) the consequence of shocks to foreign variables in the same time interval
(the third term). The forecast, E.x(vi.- yirn), represents the delayed effects implicit in
the dynamics of the entire VAR system.

In this section this decomposition is used to illustrate the relative importance of
predictable factors, foreign shocks, and domestic shocks for the evolution of output
growth and inflation during the deflation since 1997. We use the estimated values of the
domestic and foreign shocks to decompose the path for these two variables from the last
quarter of 1996 (z-h in the equation) until the end of the sample. In each case the paths of
two counterfactual variables are calculated and presented in charts together with the
actual values:

- ‘No Shocks” which is simply E,_, (»,,)
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. . . F h

- ‘Foreign shocks only” which is defined by £, (y,,)+ ;Z‘W M i

We start describing the results for the GDP deflator and the nominal wage index
together with the corresponding inflation rates. Figures I1I.1 and III.2 show that both the
price level and the wage level in 2003 are around the level they would have been if only
external shocks had influenced the Hong Kong economy since 1997. This is in line with
the view that over long enough horizons, developments in the economy are dominated by
shocks originating abroad. This long-term view hides the fact that domestic deflationary
shocks have been relatively important in the intervening period. From its peak in the
fourth quarter of 1997, the GDP deflator fell during the subsequent three years by some
14.7%. Had there been no shocks the model would have predicted a decline by 1.9%, and
taking account the external shocks during 1997-2000, the model can explain a decline of
9.4%. In other words, domestic factors accounted for slightly over five percentage points
of the total decline.® For wages a similar pattern is visible. With only foreign shocks, the
model would have predicted an increase of wages of 5.4% whereas the actual increase
was only 1.3%. Domestic shocks thus exerted downward pressures on wages of 4.1%
over this period.

During the 2001-03 period the patterns are reversed, which is best seen in Figures
III.1a and III.2a that contain the year-on-year inflation rates calculated from the data
underlying Figures III.1 and II1.2. The growth rates of both the price and wage series are
now higher than predicted by the effects of foreign shocks alone. In other words,
domestic factors were exerting inflationary pressures during this period.

Turning to the behavior of the unemployment rate (Figure II1.3) we also note a
difference between the period from the beginning of 1998 to the end of 2000 and the
period thereafter. In the first period, domestic shocks keep the unemployment rate higher
than they would have been in their absence, whereas in the second period the reverse is
true. Note, however, that foreign factors are considerably more important than the
domestic ones. For example from the first quarter of 1997 until the fourth quarter of
1999, the actual unemployment rate increased from 2.3% to 6.3%, of which only one
percentage points can be explained by domestic factors. Similarly, the cumulative effects
of inertia and foreign shocks would have predicted an unemployment rate of just over 8%
in the beginning of 2003 when the actual rate was 7.5%. Domestic expansionary factors
have had an effect of about half a percentage point.

¥ It is possible that price developments in the property sector are responsible for this as suggested by Peng,
Cheung and Leung (2001) and IMF (2002).
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Taken together the behavior of prices, wages, and unemployment since 1997 suggest
an international environment which was decidedly deflationary from 1998 until the
second half of 1999 and again from 2001 until the second half of 2003. Domestic factors
contributed to the deflation from 1998 until the end of 2000 after which they have been
somewhat inflationary.

It would be tempting to use the estimated VAR to separate the effects of the domestic
shocks into their individual components. Unfortunately, in the absence of some
identifying restrictions that would allow us recuperate the structural shocks from the
reduced form VAR disturbances (the & in equation (1)), we are not able to do so. Instead
in the next section we shall search for structural explanations of the results obtained here
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by estimating equations explaining the wage and price inflation as well as the
unemployment rate.

IV. Structural interpretations of the wage-price-unemployment nexus.

IV.1 The inflation process.

Much of the recent literature on inflation dynamics has focused on theoretical
developments and empirical applications of the New Keynesian Phillips curve (NKPC).
Influential contributors to this literature have been Gali and Gertler (1999) [henceforth
GG] who estimated their New Hybrid Keynesian Phillips curve for the USA, and Gali,
Gertler and Lopez-Salido (2001) [henceforth GGLS] who applied the framework to the
Euro area. The theoretical model is based on the Calvo (1983) sticky price and Taylor
(1980) sticky wage framework and implies that firms set prices as mark-ups over the
marginal cost of production. The empirical applications typically focus on the behavior of
wages and labor productivity as components of marginal cost.”

The main findings of GG (1999) and GGLS (2001) can be summarized in four
points: (1) firms are found to be forward-looking, (2) the degree of price stickiness is
substantial, on average about 5 quarters in the Euro area and 4 quarters in the US,'"" (3)
the backward-looking behaviour is statistically but not quantitatively important, (4) the
New Keynesian Phillips curve provides a good description of inflation dynamics

The model used in GG (1999) and GGLS (2001), however, only features labor as
the variable input in the cost function. Genberg and Pauwels (2003a, 2004) apply the
NKPC paradigm to Hong Kong but argue that imported intermediate goods are an
important factor of production in the context of open economies. Firms that set prices in
relation to marginal cost therefore take into account not only labor cost but also the cost
of imported intermediate inputs. Our open economy model nests Gali and Gertler’s
(1999) hybrid model as a special case when imported inputs are negligible. In this section
we summarize the basic structure of our open economy version of the NKPC and report
results we have obtained when we confront it with date from Hong Kong.

The New Hybrid Keynesian Phillips curve

The new hybrid Keynesian Phillips curve is based on Calvo (1983) sticky price
model emphasising forward-looking behaviour of firms. Each period, a fraction /-6 of
firms in the economy adjust their prices, while the remainder are constrained to keeping
them fixed. The parameter 0 is thus a measure of the degree of price stickiness. Since

? The empirical application of the GG (1999) approach is not without controversy. Both the use of unit
labour cost and rational expectations in their model have been criticised by Roberts (2001), Rudd and
Whelan (2001) and Lindé¢ (2001), who's results do not concur with those of Gali and Gertler (1999). Gali,
Gertler and Lopez-Salido (2003) formulate a response showing that their model is robust to the criticism.
Moreover, econometric problems associated with instrumental variable estimation tend to affect the results
obtained for the NKPC (see Stock, Wright and Yogo (2002) for a weak instruments and identification
survey).

11t should be noted that the degree of price stickiness is not precisely estimated in these studies. For
example, GGLS present estimates from 2 quarters to 17 quarters for the Euro Area.
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firms are assumed identical, the proportion of firms adjusting at time #, will choose the
same optimal price p, . The aggregate price level therefore follows

P, :ept—l +(1_e)pt*

Gali and Gertler (1999) assume that a fraction (1 — x) of the firms set prices
optimally in a forward-looking fashion and while a fraction x set prices using an average
of optimally adjusted prices from the previous period plus a correction for past inflation
(m,,). Hence

p, =(1—x)p/ +xp;
where

pf =u+ 1—[39 i Be E [””H/e]
%=0

b _
P, _pt—l +T,

where p/ is the price set by the forward looking agent and p’ is that set by their
backward-looking counterparts.
The implied reduced form of the hybrid NKPC can be written as

fro'n, +e, (7)

A

A
n,=8" -mci+o’E {n

t+1

where B is the subjective discount factor and mc, the deviation of the log of real

marginal cost from its steady-state value. The relationship between the structural
parameters and the reduced from coefficients is defined by

§=(1-r)1-0)1-pO)y"
w’ Eﬂ@t//_l

o = vaJ

and

As done in the literature we assume that B =1 implying thato” +®” =1.

Micro-Foundations
The marginal cost measure presented in GG (1999) is derived from basic
principles of microeconomics. Generally, the cost minimizing problem for # inputs can

be written as: Mm C = z w,, X,,, withw,, as the / i input price valued at time 7 and X’ Iy

i=1
is the i/ input at time ¢, subject to the production function Y, = £'(X, ia;) . We assume a
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Cobb-Douglas production function so that ¥, = AH X with Zoci =1. The first order
i=1

i=1

conditions yield the following shadow price in real terms:

where P is the output price. After taking the natural logarithm and deviations from

steady state values, we can define a multi-input-marginal-cost gap measure by:

./\ n N
mimc, = Z&i (sl., -s )
i=1 '

S0,
A n
mimc,; = z&i (§l. ,)
i=1

w. X, . . Cp .
wheres,, = ln[Mj and where s° is the steady-state value of the ith input income
ot

share andZii =1.

i=1

Open-Economy Marginal Costs

Gali and Gertler’s model has captured inflation dynamics in the USA and EU
fairly well using solely the wage rate that in turn influences marginal cost. This may not
be the case in the context of open economies, where it is believed that external inflation
may have a more direct influence on domestic inflation. Genberg and Pauwels (2003b)
argue that price setting in a highly open economy is likely to be influenced by foreign
prices through intermediate inputs, as formulated in Gali and Lopez-Salido (2000) for
their analysis of Spanish inflation. Gagnon and Khan (2001) have attempted to modify
the marginal cost measure through the use of different types of production functions.
Open economy considerations also have been introduced in structural models of price
setting by Gali and Monacelli (2000) and Balakrishnan and Lopez-Salido (2002).

In the two inputs case using labour (L,) and intermediate imports (M;), the
specification yields the following first order condition:

— WtLt _ Ptith

by =
" oay, (-a),

As before we can define the following weighted average cost measure by:

A

ome, =E8" +(1-£)3"
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A

where omc; is the open economy measure of the deviation of marginal cost from its
steady state value. The parameter& is between 0 and / and needs to be determined. When

& is equal to 7, the model collapses to the specification by GG (1999) featuring only
labors costs.

The final expression for the rate of inflation is:

N
_sh f b
=0" -omc;+o’ E{n, }+o'n,  +¢,

(8)

T,

with the relationship between the coefficients and the structural parameters as defined
above following equation (7).

Application to Hong Kong

We estimated the model for a sample extending from the first quarter 1984 until
the fourth quarter of 2002, as well as for a sub-sample spanning 1984 Q1 — 1997 Q2 to
check whether excluding the deflationary period of the sample has an impact on the
estimates. Inflation (7, ) was measured as the log difference of the GDP deflator, and the

marginal cost variable was constructed using a seasonally adjusted nominal wage index
and a seasonally adjusted quarterly unit value index of imports. To deal with the

endogeneity of E, {n Hl} and omc, , we used lagged values of the inflation rate, current

and lagged values of CPI inflation in Hong Kong’s main trading partners, and current
lagged values of import price inflation as instruments. A detailed discussion of the
estimation strategy can be found in GP (2004). Here we simply highlight the main
conclusions.

Table IV.1 shows estimated reduced form coefficients as well as the implied
structural parameters from specifications which yielded the most significant coefficient
(6") on the marginal cost measure, as judged by the p-value.

For the full sample, the estimated weight (¢) on labour cost is typically less than
one half. In the preferred specification shown in the table, only values between 0 and 0.3
give positive and statistically significant values of ¢". This implies that when firms adjust
prices as mark-up over marginal cost, they place more weight on imported input costs
than on wage costs. In Hong Kong the evidence clearly indicates that open economy
considerations must be taken into account in modelling inflation along the line of the
NKPC.

The estimate of the parameter k implies that about half of the firms set prices in a
completely forward-looking manner, while the estimate of 6 suggests that between 46
and 49 percent of firms adjust prices each quarter. As a consequence, the mean lag of
price adjustments is estimated to be between 2.4 and 3.3 quarters. This is somewhat
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shorter than the estimates found for the USA and the Euro Area indicating that price
flexibility in Hong Kong is relatively high.

Turning to the results for the shorter sample which excludes the deflation since
1mid-1997, we note three main differences. First, the importance of labor in the marginal
cost measure is greater in the earlier period. This is consistent with an evolution of the
Hong Kong economy away from labour-intensive production. Second, the estimate of the
effect of marginal cost on current inflation is larger in the earlier sample. This might be
the result of greater pricing power of firms when production has shifted towards more
high-value-added products, but it does seem to be inconsistent with the process of price
convergence with the mainland. Finally, the estimate of k, the proportion of price setters
which are backward-looking, is smaller for the pre-crisis period.

Table IV.1: Estimation of the Open Economy New Keynesian Phillips Curve.

Sample 1984:1 to 2002:4

Reduced form Implied structural Price stickiness
coefficients parameters (in quarters)
1/(1-0)
" | 0.038 007 33
E=0 ; (0.01)
o | 0.58 k|05
(0.138)
" | 0.074 00.58 2.4
£E=0.3 ; (0.031)
o | 0.52 K | 0.54
(0.141)
Notes: The instrument set consists of 5 lags of domestic inflation and two lags and the
current values of the CPI inflation of main trading partners and import price inflation.

Sample 1984:1 to 1997:2

Reduced form Implied structural Price stickiness
coefficients parameters (in quarters)
1/(1-6)
3" 0.118 00.68 3.1
£=0.5 | (0.034)
o | 0.89 K | 0.08
(0.127)
8" | 0.102 01]0.72 3.6
§=0.55 - (0.028)
o | 097 Kk | 0.02
(0.098)

Notes: The instrument set consists of 5 lags of domestic inflation and two lags and the
current values of the CPI inflation of main trading partners and import price inflation.
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In spite of these changes in the results, the degree of price stickiness does not
appear to have changed over time. Hong Kong has been and remains an economy with
relatively high degree of price flexibility.

IV.2 Wage dynamics.

In the model of inflation that we estimated in the previous section, the domestic
wage rate is an important driving force, even if we have argued that it does play second
fiddle to external price impulses. To gain further insights into the inflation process we
therefore specify and estimate an equation describing domestic wage movements. It is
based on a framework suggested by Blanchard and Katz (1999) in which rate of change
in nominal wages is a function of expected inflation, productivity growth, a measure of
demand, and a type of error-correction term according to which real wages in excess of
those warranted by productivity leads to downward nominal wage adjustments, i.e.

w,—w,_ =a,+o,(p, —p,,)+a,prod growth +o.,d, +oc{1n(%) —(otl} 9)
-1

where w, stands for the nominal wage rate, p, for the price level, d; for a measure of
excess demand, and w;, for the equilibrium real wage rate. Lower case letters refer to the
natural logarithm of the corresponding capital letters. We expect a;, a,, and a3 to be
positive and a, to be negative.

Data.

For the price level we used the consumer price index. In the empirical application
we replaced the expected rate of price inflation with the current rate and used
instrumental variables to project this rate on lagged information.'' Labor productivity was
measured as real GDP per hour worked. The productivity growth variable used in the
regression is the quarterly growth rate in this measure smoothed using the Hodrick-
Prescott filter with a smoothing parameter of 1600. The excess real wage

term, [ln(lj —(ot} , real wage gap for short, was obtained as the residual from a
t-1
regression of the log of the real wage rate on a constant and the log of labor productivity.

Results.

Table IV.2 contain coefficient estimates obtained when a measure of the output
gap is used as the demand variable.'? The first column shows the results corresponding to
the whole sample from 1984 until 2003. All coefficients have the correct signs and all
except the one on the error-correction term are highly significant. The size of the

'!'See Table IV.1 for an explanation of the estimation technique and the instruments used.
2 The output gap was measured as the difference between the log of real gdp and the HP filtered
(smoothing parameter = 1600) of the same series.

20



coefficient on the output gap implies that a gap of 5 percentage points (the mean absolute
value of the series is 2.2 percent and the maximum is 8.2 percent) will increase wage
inflation by 0.5 % in the current quarter. The coefficient on the real wage gap implies that
if real wages are 5 percentage points above their equilibrium level (as measured here) the
nominal wage rate will adjust downward by .47% in the current quarter."’ These
estimates imply a certain sluggishness in the adjustment of the wage rate to changes in
prices and demand conditions. For example, an increase of 5 percent in the CPI would
lead to an immediate increase in wages of about 3 percent and hence a wage gap of minus
two percent. The wage gap would by itself increase wages about 0.8 percent during the
following four quarters. However, there would likely be other factors influencing the
wage process as well. As we shall see in the next section, the reduction in wages will
have competitiveness effects increasing the output gap, which in turn will increase wages.
In addition, the inflation model estimated in the previous section implies that there will
be feedback from the wage rate onto the price level."

Foreign variables do not enter the wage equation directly, but they do have
indirect effects. An increase in import prices influences both the GDP deflator (see the
previous section) and the consumer price index (see footnote 4). Hence they will
influence wages both concurrently and with a lag as described above. Changes in external
demand will also influence wages indirectly since, as we shall see in the next section,
foreign output fluctuations have a direct influence on the domestic output gap.

" The mean of the absolute values of the real wage gap is 2.6% and the maximum is 10.1%.

' Note that we assume that it is the consumer price index that is important for the wage process, whereas
the inflation model estimated in the previous section used the GDP deflator a the dependent variable. The
two are clearly related. A simple OLS regression of the quarterly CPI inflation rate on the corresponding
rate of change of the GDP deflator and the inflation rate of imported goods gives n"' = .02 +.60m*% +
247",

21



Table IV.2: Determinants of wage inflation'

(@) 2) 3) 4 (6] (6) (1)
Alog(CPIy) .61 .59 52 52 .58 .66 .53
(.06) (.05) | (.04) | (.04) | (.05) | (.05) | (.04)
y-gapx .10 19 32 28 .19 .01 28
(.05) (.05) | (.04) | (.04) | (.06) | (.05) | (.06)
Prod_growth(HP) .60 79 .93 .87 .66 73 .87
(.09) (.06) | (.05) | (.05 | (O7) | (.06) | (.07)
Wage-gapy.1 -.094 -.26 -.30 -35 | -.083 -.28 -.28
(.069) | (.03) | (.06) | (.05) [(.040) | (.02) | (.05
Alog(CPI;)*Deflation -.65 -.48 -.82
(.13) (.07) (.12)
Wage-gap;.; *Deflation 23 .08 .20
(.07) | (.05) (.07)
y-gap¢*Deflation 28 41 .07
(.12) | (.07) | (.08)
Constant 013 .006 .005 .008 | .013 .007 .007
(.002) | (.002) | (.002) | (.001) [(.002) |(.003) |(.007)

' Dependent variable: Alog(W,). All equations are estimated with GMM. Instruments are four lags of the
dependent and the independent variables in each equation. The sample period for all equations 1984:1 to
2003:2. Standard errors are given in parentheses.

The remaining columns in Table IV.2 contain estimates of equations intended to
test whether the wage adjustment process is different during the deflation period since
1997 compared to before. The estimation strategy is to create a dummy variable,
‘deflation’, which equals zero from 1984:1 to 1997:4 and one thereafter and to interact
this variable with the CPI inflation rate, the output gap, and the real wage gap.'>"'°

When the reaction to the CPI inflation rate is allowed to be different in the
deflation period (column (2)) the coefficient falls to zero.'” This implies a slower reaction
of wages to consumer prices. It should be noted, however, that the reaction to both the
real wage gap and the output gap is increased which partially, but not fully, compensates
for the slower reaction to prices. The remaining columns essentially tell a similar story of
attenuated reactions of wages to price shocks in the deflation period. Column (3) shows

' The productivity growth rate is almost constant in the deflation period so it was not possible to interact
this variable with the deflation dummy.

' An alternative strategy would be to test whether the adjustment process is different when the price level
increases as compared to when it decreases. For our sample this is almost identical to our strategy because a
dummy variable that would distinguish between increasing and decreasing CPI is the same as our deflation
dummy except for three observations (out of a total of seventy six). The results with the alternative
specification (available from the author on request) are therefore very similar to the ones we report in
Tables IV.2 and IV 3.

' The point estimate is actually negative, but not significantly different from zero.
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that the reaction to the real wage gap falls, and column (4) implies that the reaction to
both prices and the real wage gap is lower. Column (6) shows that when the reaction to
both price inflation and the output gap are allowed to change, the former decreases,
where the latter increases. The combined effect again implies a slower reaction of wages
to price shocks.'®

Table IV.3 contain results for regressions that are similar to those in Table IV.2
except that the unemployment rate replaces the output gap as the demand measure in
equation (9). The sign of the estimates in col. (1) again correspond to what the underlying
model predicts. In contrast with the previous table, however, the coefficient on the CPI
inflation rate is not significantly different from zero implying that transmission of price
shocks would occur only through the lagged effects on the real wage gap and the
unemployment rate. When the interaction terms are included in the regressions, the
results in columns (4) and (6) show similar effects as in the previous table. The response
to prices is significant in the pre-deflation period, but fall to zero during the deflation.
The response to the real wage gap also falls during the deflation period (col. 4), whereas
the response to the unemployment rate is essentially unchanged (col. 6).

Table IV.3: Determinants of wage inflation’

(@9) 2) 3) (G)) ) (6 (7
Alog(CPIy) .02 44 -.02 35 -.03 57 -.004
(.10) (.09) (.09) | (.06) | (.05 | (.07) |(.034)
Unemp -.021 -015 | -.024 | -.012 | -.027 | -.010 | -.028
(.003) | (.003) | (.004) | (.002) |(.002) | (.002) |(.002)
Prod growth(HP) 21 42 16 .62 25 57 57
(.08) (.08) (.05) | (.05 | (.07) | (.07) | (.13)
Wage-gapy.| -25 -.28 =23 -.35 =27 =37 -42
(.06) (.08) | (.08) | (.05) | (.06) | (.06) | (.10)
Alog(CPIy)*Deflation -1.81 -47 -.64
(.22) (.06) (.05)
Wage-gap;.; *Deflation -.09 21 35
(.15) | (.06) (.10)
Unemp*Deflation .003 | .0009 | .006
(.001) [(.0008) | (.001)
Constant 12 .065 13 .057 13 .036 A2
(.02) (.013) | (.02) | (.008) | (.01) |(.009) | (.01)

" Dependent variable: Alog(W,). All equations are estimated with GMM. Instruments are four lags of the
dependent and the independent variables in each equation. The sample period for all equations is 1984:1 to

' The results presented in Tables IV.2 and IV.3 correspond to equations where there is no dummy variable
for the intercept. Adding such a dummy does alters some coefficient estimates, especially in Table IV.3,
but does not modify our main conclusions. The corresponding results can be obtained from the authors on
request. It is worth noticing in this context that the deflation dummy and Alog(CPI,) are highly collinear in
our sample (the correlation coefficient is -.85).
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Taken together the estimates corroborate those obtained from the VAR model in
section III, where found that the contribution of foreign shock in the variance
decomposition of wages was relatively small at short horizons. Our structural
interpretation in terms of the wage equation estimated here explains this by the limited
direct effect of foreign prices in the wage equation and by the significant lags involved in
the transmission via the real wage gap and the output gap/unemployment rate.

IV.3. The IS equation.

We have seen that inflation depends on wage developments and that wage
developments depend on domestic demand conditions. It remains to explore the
determinants of domestic demand. To this end we estimate a conventional IS-type
equation of the form

ye=Bo+ Byl + B, log(reer,) + Bsr, + B4y (10)

where y; (/) stands for a measure of domestic (foreign) demand conditions, reer, for the
real exchange rate (measured such that an increase represents a real appreciation), and 7,
for the real interest rate. In the empirical application the domestic and foreign demand
conditions are measured by estimated output gaps based on Hong Kong real GDP and
real GDP of the main trading partners. Two interest rate series were used, the US 3-
month T-Bill rate and the 3-month Hibor rate. In view of the fixed exchange rate the two
follow each other quite closely, but at times there have been significant differences,
notably in the second half of 1997 and in 1998. To calculate real interest rates, the year
on year percentage change in the CPI was used as the inflation measure. Estimations
were made using GMM with four lags of the dependent and each of the independent
variables as instruments. As in the previous sections, we used quarterly spanning 1984:1
to 2003:2. The results are presented in Table V.4, column (1) when the US T-Bill rate is
used and column (3) when it is replaced by the local 3-month Hibor rate.

Not surprisingly, the external output gap has a strong influence on the Hong Kong
business cycle. The coefficients imply a close to one-for-one effect. The coefficient on
the real exchange rate is negative as expected. A real appreciation of ten percentage
points will according to the point estimates reduce the output gap by about four tenth of
one percentage point. To put this in perspective, the output gap in Hong Kong declined
about 5 percentage points between the first quarter of 1997 and the first quarter of 1998.
During the same time the Hong Kong dollar appreciated in real terms by 12%. Hence the
estimates in the table imply that of the 5 percentage point drop in the output gap only 0.5
can be explained by the real appreciation.'

' These calculations do not take into account the lagged effects implied by the presence of the lagged
output gap among the regressors. Taking this into account, the long run effect of the real appreciation
would be 1.1 and 1.2 percentage points respectively if we use only the IS equation in the calculations.
However, the change in the output gap would elicit changes in both wages and prices as we have seen in
the previous sections, so the full impact would have to be calculated using these equations as well.
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The effects of interest rate changes are negative and significantly different from
zero. The estimates using the HK rate are quite close to those using the US rate as
expected given the high correlation between them. The differences will concern mainly
the interpretation of the downturn after the 1997 Asian crises that we will comment on
further below. The size of the coefficients imply that an increase in the real interest rate
by one percentage point will decrease the output gap by 0.32 percentage points in the
current quarter (0.23 percentage point using the Hong Kong interest rate). The real Hibor
rate increased by approximately 3 percentage points between the third quarter of 1997
and the third quarter of 1998. The estimates imply that the direct impact of this was a
decline in the output gap of about 0.7 of a percentage point.

Columns (2) and (4) in the table are introduced to test whether the transmission
mechanism of foreign shocks has changed in the deflation period following the Asia
crisis. As in the previous section we interact one of the independent variables with our
deflation dummy. We have limited the possible interaction terms to the effect of the
foreign output gap. The main consequence is a striking increase in the impact of the
external output gap in the post 1997 period.?’ For example, when the Hong Kong interest
rate is used (column 4) the response coefficient is 1.84 in the deflation period as opposed
to .50 before. Absent a theoretical explanation of this change in response we simply offer
this result as an intriguing empirical regularity at this stage.

Table IV.4: The IS equation

€)) (2) A3) “4)
R () 97 65 84 50
(.12) (.07) (.10) (.08)
log[reer(t)] -.044 -.028 -.038 -.025
(.007) (.003) (.005) (.003)
i%5(t) -.0032 -.0021
(.0006) (.0004)
i"™(t) -.0023 -.0020
(.0004) (.0002)
yEP(t-1) 52 62 61 .64
(.04) (.03) (.03) (.02)
yEPVorld )+ deflation(t) 1.27 1.34
(.17) (.13)
Constant 21 .14 18 12
(.04) (.01) (.02) (.01)

We end the discussion of the IS equation by commenting briefly on the residuals
from the IS equations in the sharp decline in economic activity during 1998 and 1999 and
the pick-up in 2000. Figure I'V.1 contains our measure of the output gap together with the
residuals from three of the equations represented in Table IV.4 (the numbering of the
shocks in the figure corresponds to the columns in the table). Consider the decline in the

% Adding a dummy for the intercept as well does not alter this conclusion.
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output gap from approximately zero at the end of 1997 to just over -5% in the third
quarter of 1998. Of this decline the equation in column 1 can explain all but 1.5

percentage points. If we include the effect of the increase in the real Hibor rate we only

have one half of one percent unaccounted for. If we in addition allow for the structural
change in the transmission of the external output gap, we can account for the entire drop
in the domestic output gap during this period. In fact, during the entire period from the
end of 1997 to the end of 1999 where our measure of the output gap was negative, it is
only one quarter, 1998:3, which is not well accounted for by the equation if we rely on
the versions represented in column 4 of Table IV.4. In fact, the model underpredicts the
output gap somewhat in 1999.

0.06

0.04

0.02

-0.02

-0.04

-0.06

-0.08

Figure IV.1: The output gap and residuals from the IS equations

IS_SHOCK1 —-—--IS_SHOCK3 ~  «------ IS_SHOCK4 Ouput gap

N

‘971 '972 '973 '97 4 '981 '98 2 '98 3

'984 '991 '992 '993 '994 '001 '002 '00 3 '00 4

IV.4 Okun’s Law in Hong Kong
The last piece in the price-wage-output-unemployment puzzle is the relationship
between the output gap and the unemployment rate. The equation we estimate is a
version of Okun’s Law which takes into account the effect of real-wage and real-
exchange-rate movements. Specifically,

w
U =Yy +Y1y§gap +Y2{1ﬂ(?j

—mt} +vs3log(reer,) +y 4u,_
t-1

(11)
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The unemployment rate is assumed to depend on the output gap, the excess real wage we
used earlier in the wage equation, and the real exchange rate. Including the real exchange
rate in addition to the real wage gap can be justified if the demand for labor depends on
the composition of aggregate demand in the economy, and if this composition is likely to
be influenced by the real exchange rate. The results are presented in Table IV.5. All the
included variables are highly significant. A reduction of in the output gap by 5 percentage
point increases the unemployment rate by a little over one half of a percentage point in
the short run and by just over 2 % in the long run taking account of the adjustment
implied by the coefficient on the lagged dependent variable. Excessive growth in the real
wage rate leads to unemployment. For example, the increase in the real wage gap of 12
percentage points between the beginning of 1997 and the end of 2002 would account for
an increase in the unemployment rate of 4 % taking account of the all the lagged
adjustment implied by the presence of the lagged dependent variable in the regression.
Finally the results show that a real appreciation increases the Hong Kong unemployment
rate controlling for aggregate demand and the wage gap. This could be due to a reduction
in demand for labor as overall demand switches from external demand to domestic
demand.

Table IV.5: Okun’s Law
yEP(t) -11.13
(1.03)

wage®*(t) 8.53
(1.42)

log[reer(t)] 2.27
(.26)

u(t-1) 0.74
(.03)

constant -9.35
(1.10)

IVS5. Discussion

We would like to draw attention to four aspects of the empirical results that we
have obtained. First, the inflation process in Hong Kong can be interpreted in terms of the
New Keynesian Phillips Curve (NKPC) paradigm if we allow for a significant role of
import prices in the marginal cost measure. This is necessary to generate the kind of
dependence of local prices on external prices that we observe in the data. Second, in the
standard form of the NKPC where only wages are included in the marginal cost would
imply a weak influence of foreign prices because our wage equation shows that the
adjustment of wages to prices in general is relatively slow. The process operates partly
through an error correction mechanism where excessive (relative to productivity) real
wages put downward pressure on wage inflation. We found evidence that the wage
adjustment process has been slower during the deflation period aggravating the
unemployment problem. Even in Hong Kong where flexibility is notorious, there seems
to be some difficulty to have negative wage growth.
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The third point we want to highlight is that real economic activity as measured by
the output gap is highly dependent on the external business cycle. Although we did find
evidence of a significant competitiveness effect through the real exchange rate, this effect
is quantitatively small relative to the direct external demand effect, at least as an
explanation of the size of real economic fluctuations in Hong Kong. Here as well we
found some evidence of a structural change after 1997, in that the economy seems to have
become more sensitive to external shocks in this period compared to before.

Finally we have shown that it is possible to interpret movements in
unemployment by a version of Okun’s law provided it is augmented to allow for the
effect of both excessive real wage growth and variations in the real exchange rate.

The structural interpretation we have given complement the VAR results obtained
in section III. We can understand the strong and relatively rapid foreign effects on prices
we found in the VAR model by their direct impact on domestic price setting. We can also
explain the weaker short-run reaction of wages and unemployment by the sluggishness of
the wage adjustment process and its implication for employment.

V. Understanding Hong Kong’s deflation.

The evidence we have presented implies that the deflation in Hong Kong since
1997 can be understood using a conventional macroeconomic framework. The picture
that emerges is one where foreign shocks constitute the basic underlying shocks (Section
II1.2), and adjustment processes in domestic wages and prices determine the details of the
transmission mechanism. Both the VAR results and the estimates of the open economy
New Keynesian Phillips curve indicate that the decline in local nominal prices owes
much to declining prices of imported intermediate goods. Our results imply that the
negative output gap and the increase in unemployment also have their origin in foreign
shocks, but the domestic wage adjustment process constitutes an important contributing
factor.

In our view most of the deflation can thus be explained as the normal, albeit
painful, adjustment of the Hong Kong economy to a deflationary external environment.
There are however some interesting caveats to this point of view. We have seen that
allowing for changes in structural parameters in the post 1998 period helps the
explanatory power of several of the equations we have estimated. For example, wage
adjustment seems to be slower during this period than before, and the Hong Kong
economy seems now to be more sensitive to external demand fluctuations than it was
previously. Are these consequences of the deflation itself, or are they due to the change in
the political status that took place at this time? Perhaps some of the apparent structural
changes are related to changes in trade patterns or the microeconomic structure of the
economy, which are not captured in our macroeconomic approach. Further research may
help to shed light on these issues. Such research might also investigate that the changes
observed in Hong Kong are present also in other countries in the region.

If the deflation in Hong Kong has its principal origin abroad, the recovery must

also be externally driven. Domestic wage and price adjustments will over time restore
competitiveness, but this is likely to be a drawn-out process. Within the strict confines of
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the set of equations we have estimated, a depreciation of the Hong Kong dollar would
also be beneficial as it could lead to increases in external prices and reverse the nominal
deflation process. However, this will do little to increase real external demand in view of
the low real exchange rate elasticities in the IS equation. Furthermore, changing the
exchange rate peg is such a far-reaching change in economic policy that the equations we
have estimated are likely to be altered significantly. The Lucas’ critique would surely
apply in such a circumstance.
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