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Abstract 

The views expressed in this Working Paper are those of the author(s) and do not necessarily 
represent those of the IMF or IMF policy. Working Papers describe research in progress by the 
author(s) and are published to elicit comments and to further debate. 

This paper uses the G-Cubed (Asia-Pacific) model-a macroeconomic model with rich 
cross-country links-to explore the implications for Japan and Asia of several shocks to the 
Japanese economy. The results suggest that, while fiscal consolidation in Japan would 
initially dampen domestic growth, over the medium term the impact on both the domestic 
and regional economies would be positive. Quantitative monetary easing in Japan would 
boost domestic activity in the short-run, while being basically neutral for the region. Finally, 
a loss of confidence in the yen would be negative for Japan, but positive for the region 
because of a reallocation of capital flows toward non-Japan Asia. 
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1. INTRODUCTION 

Economic and financial developments in Japan have important implications for the 
Asia-Pacific region. Japan is not only an important trading partner, but also a significant 
supplier of capital to the region. However, the nature of these relationships has changed over 
time with the rapid growth in Japan from the 1950s until the bursting of the bubble economy, 
the subsequent poor economic performance during the 1990s the sharp appreciation of the yen, 
the rapid growth in the Asian economies, and the Asian financial crisis all playing an important 
part. This paper assesses the role Japan currently plays in the Asia-Pacific regional economy, 
and how policies and developments in Japan affect the region. 

The paper is structured as follows. Section II provides a brief overview of economic 
developments in Japan during the 1990s and examines the nature of the economic and financial 
relations between Japan and its regional neighbors. Section III outlines the G-Cubed (Asia- 
Pacific) model that is used to assess the transmission of shocks and policies between Japan and 
the region. Section IV explores shocks that have, or currently are, impacting the Japanese 
economy (a decline in productivity growth, a sharp rise in government spending, and a decline 
in equity prices) to understand some of the factors underpinning the poor recent economic 
performance and the likely evolution of the economy in the near future.2 Section V considers a 
number of the current issues facing Japan-fiscal consolidation, quantitative monetary easing, 
and a possible loss of confidence in the yen-and assesses the potential implications of each of 
these for the Japanese and regional economies. Conclusions and policy implications are drawn 
in Section VI. 

II. JAPAN’S ECONOMIC PERFORMANCE AND ITS IMPLICATIONS 
FOR THE ASIA-PACIFIC REGION 

Japan’s economic performance during the 1990s was disappointing. Real GDP grew by 
only 1% percent per annum, down considerably from the 4 percent average during the 198Os, 
and below the average in other OECD countries. It also stands in contrast to the strong growth 
in the rest of the Asia-Pacific region during the decade. The roots of the economic problems in 
Japan lie at least as far back as the overheating of the economy in the late-1980s and the 
development of a major asset price bubble. The proximate cause of the initial slowdown in 
growth was the tightening of monetary policy in mid- 1989 and the eventual pricking of the asset 
price bubble. Equity and land prices declined, and the resulting massive loss of wealth severely 
impacted corporate and household behavior (Figure 1). In response, fiscal and monetary policies 
were eased substantially-the budget balance moved from a surplus of close to 3 percent of 
GDP in 1991 to an estimated deficit of 8 percent of GDP in 2000, while short-term interest rates 
have been reduced from 8 percent to zero-but without successfully reinvigorating growth. 

2 See McKibbin (1996) for an earlier assessment of Japanese macroeconomic policy and the 
likely impacts on the economy. 
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Figure 1. Japan: Selected Economic Indicators, 19852000 
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While the growth slowdown was initially viewed as a cyclical downturn in response to 
the decline in asset prices, the extended period of weak growth has led to a number of 
competing hypotheses being advanced to explain the poor performance (see Bayoumi and 
Collyns (1999) and Boltho and Corbett (2000) for concise summaries). Bayoumi (1999) 
highlights the central role played by financial institutions in magnifying the impact of the 
decline in asset prices on the economy. Increases in bank lending, operating both directly and 
through a self-reinforcing cycle with increases in land prices (the main source of collateral) and 
stock prices (an important component of bank capital), helped explain the strong growth in the 
second half of the 1980s. But, once asset prices began to fall, the reverse of this process 
operated as undercapitalized banks restrained lending to maintain capital adequacy standards. In 
mm, this blunted the impact of macroeconomic policies as households and corporates were 
unable to respond to monetary and fiscal stimulus because of the limited availability of funds 
from the banking system. Hayashi and Prescott (2001), however, argue that it is hard to 
reconcile this view with the large growth in internal financing by Japanese firms even while 
bank financing was falling sharply, and instead argue that the primary problem was a sharp fall 
in productivity over the decade, possibly stemming from the increasing failure of the traditional 
Japanese economic model to adapt to the requirements of a more deregulated and competitive 
world economy. 

Yoshikawa (2000) argues that the slowdown in productivity growth has been due to the 
decline in demand as the introduction of new technologies is strongly conditioned by the 
prospects for future demand. Krugman (1998) also believes there is an insufficiency of demand, 
and argues that Japan is in a “liquidity trap”-with nominal interest rates unable to fall below 
zero and prices declining, real interest rates are too high for the economy to recover. Posen 
(1998) argues that despite the numerous fiscal packages that were implemented during the 
1990s the measures that actually had a direct impact on activity were insufficient. 

These economic and financial developments have had important implications for the 
Asia-Pacific region as Japan is a large supplier of capital to the region and an important trading 
partner. Developments in the region also have increasingly had significant implications for the 
Japanese economy. 

Japanese FDI outflows accelerated following the liberalization of capital controls in the 
early 198Os, and surged during the second half of the decade to a peak of close to $50 billion in 
1990 (Table 1). This sharp rise reflected both the strong economic growth in Japan and in 
foreign markets, and the appreciation of the yen which encouraged companies to relocate 
production overseas to maintain cost competitiveness (Bayoumi and Lipworth, 1998). Initially, 
the U.S. attracted most of this capital, with much of the investment being concentrated in the 
real estate, service, and finance and insurance sectors. However, that going to the Asia-9 
countries (Taiwan POC, Korea, Hong Kong SAR, Singapore, Thailand, Indonesia, Malaysia, 
Philippines and China) also picked-up-with Hong Kong SAR, Thailand, Malaysia, and 
Indonesia seeing the largest increases-and was more concentrated in the industrial sector. This 
Japanese investment accounted for a significant proportion of the total FDI inflows received by 
the Asia-9 countries (for which data is available) during the second half of the 1980s (Table 2). 
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FDI flows moderated significantly in the first half of the 1990s with the sharp decline in 
asset prices in Japan and the subsequent slowdown in growth and balance sheet difficulties in 
the business sector, but recovered somewhat in the second half of the decade. These weaker FDI 
flows, however, were largely the result of lower investment in the U.S. and Europe, and 
investment to Asia increased-Japanese FDI to the Asia-9 countries increased from $3 billion 
(10 percent of the total) in 1991 to $12 billion (50 percent of the total) in 1997-until the 
financial crisis in the region. Investment continued to be focused in Hong Kong SAR, Thailand, 
and Indonesia, while from the mid- 1990s investment into China also accelerated.3 However, 
despite the greater concentration of Japanese FDI in the Asia region, the relative importance of 
Japanese investment to these countries declined during 1995-2000 (to around 18 percent of the 
total). 

Portfolio flows between Japan and the region have been more two way than FDI due to 
investments in Japan from the regional financial centers of Hong Kong SAR and Singapore 
(Table 3). Indeed, stock data show that Japan was in a net portfolio liability position with the 
rest of Asia at end-2000. With respect to other countries, investments have generally been 
small, with the exception of Thailand, where significant investment took place during 1995-97. 

Japanese banks were large lenders to Asian countries during the second half of the 
1980s and early 1990~.~ According to BIS data, the outstanding stock of lending by Japanese 
banks to the Asia-9 countries rose from $140 billion in 1985 to a peak of $333 billion in 1994 
(Table 4). The largest recipients were the regional financial centers of Hong Kong and 
Singapore, although all countries except Taiwan POC, Malaysia, and the Philippines 
experienced significant growth in lending. In the early 1990s Japanese banks are estimated to 
have supplied between 60 and 70 percent of the total outstanding international bank lending to 
Hong Kong SAR, Singapore, Thailand, and Indonesia. It is likely that at least part of this 
increase was associated with financing Japanese subsidiaries operating in these countries. With 
the onset of their financial difficulties and the emergence of a significant Japan premium, 
however, Japanese banks have withdrawn from Asian markets since 1995, a process accelerated 
by the Asian financial crisis. The outstanding stock of lending to the Asia-9 declined to 
$114 billion in 2000. While this has been part of the trend toward a lower exposure to bank 
finance by the Asian countries since the financial crisis, Japanese banks have withdrawn 

3 At end-2000, 18 percent of the outstanding stock of Japanese FDI (at market prices) was in the 
Asia-9, compared to 47 percent in the U.S. and 20 percent in Europe. Within Asia, Japanese 
FDI is largely concentrated in Singapore, China, and Hong Kong SAR. 

4 This discussion is based on BIS data. As noted by Kohsaka (1996), there are significant two- 
way financial flows between Japan, Hong Kong, and Singapore in their roles as international 
and regional financial centers. The data for Singapore and Hong Kong therefore likely 
overestimate the impact on domestic resource use in these countries. 
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at a faster pace than banks of other nationalities, and the share of Japanese bank lending to the 
region has declined to around 30 percent, althou h they are still estimated to be the largest 
(identified) le d t sg n er o eight of the nine countries. Despite these swings in lending, Kawai and 
Liu (2001) find that Japanese banks did not provide loans excessively to East Asia before the 
financial crisis or withdraw loans excessively during the crisis after economic fundamentals and 
other linkages are accounted for. 

Japanese FDI to Asia has been focused in the industrial sector-particularly the 
electrical machinery sector in the second half of the 1990s-and has implied a movement of 
productive capacity out of Japan to the recipient countries. Consequently, these investments are 
likely to have had important implications for the pattern of trade between these countries. 
Indeed, Bayoumi and Lipworth (1998) find evidence that both FDI flows and stocks have a 
significant impact on imports from the recipient country to Japan, but that only FDI flows have 
an impact on exports from Japan to the recipient country. They argue this is consistent with the 
view that while FDI permanently raises imports from the recipient country to Japan, it only 
temporarily raises Japanese exports largely through the short-term need to equip new factories. 
Kawai (1998), however, argues that FDI has a permanent impact on both imports and exports, 
although the impact on imports is larger. 

Trade flows between Japan and the Asia region have indeed undergone significant 
change over the past fifteen years. Japan has become increasingly reliant on Asia as a market for 
its exports and as a source of imports. The growth of Japanese exports to the Asia-9 averaged 
close to 11 percent per annum (in U.S. dollar terms) during 1985-2000, compared to aggregate 
growth of only 7 percent per annum, and the share of exports to these nine economies increased 
from 24 percent in 1985 to 40 percent in 2000 (Table 5). Asia is now the largest destination for 
Japanese exports, with Taiwan POC, Korea, and China being the most important countries, 
while the U.S. and Europe have both declined in importance as export destinations. 

Nearly 40 percent of Japan’s imports also now come from Asia, compared to 26 percent 
in the mid-1980s (Table 6). Imports from China, in particular, have shown remarkable growth, 
rising by an average of 15 percent per annum-twice the rate of growth of aggregate imports- 
and their share has risen from 5 percent to 14% percent of the total. Korea and Taiwan POC are 
other important, and growing, sources of imports, while the ASEAN- countries have generally 
seen much weaker growth. The share of imports from the U.S. and Europe have both declined. 

There have also been substantial changes in the composition of trade between Japan and 
Asia. Japan’s imports of machinery and transport equipment from the Asia-9 have increased 
from less than 5 percent of total imports in 1985 to nearly 35 percent currently, while other 

’ This conclusion needs to be qualified, however, for China, Singapore, and Korea where there 
is a large unidentified component (larger than the exposure of Japanese banks) in the country 
breakdown of outstanding lending. For China, and possibly Singapore, these are related to Hong 
Kong banks which, while included in the aggregate data, are not separately identified for 
confidentiality reasons. 
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manufactured goods increased from less than 20 percent to 35 percent.6 Imports of fuel and 
other crude materials, on the other hand, have fallen substantially. While imports from most 
countries are heavily weighted toward machinery and transport equipment, those from China 
and Indonesia are mainly in the form of low-end consumer goods and raw materials 
respectively. On-the-other-hand, the composition of Japanese exports to Asia has remained 
largely unchanged with machinery and transport equipment accounting for a little under 
60 percent of the total and other manufactured goods most of the remainder. 

While Japan remains a very significant trading partner, Asia has actually become 
relatively less reliant on Japan (although given the significant increase in the importance of 
trade in the Asian countries in recent years the absolute reliance has still increased).7 The share 
of Asian exports going to Japan has declined markedly (Table 7). While in 1985, 18 percent of 
exports from the Asia-9 went to Japan, this share had fallen to 12 percent by 2000. The U.S. 
(22 percent) and Europe (15 percent) are both more important export destinations than Japan. 
The rise in importance of the U.S. as an export destination since the mid-1990s is closely related 
to Asia’s role in the supply of IT-related goods (see Isogai and Shibanuma, 2000). Indonesia, 
Malaysia, and China have all greatly reduced their reliance on Japan, although for the 
ASEAN-4, articularly Indonesia, China, Korea, and Taiwan, Japan remains a very important 
destination. r The importance of Japan as a supplier of goods has also declined, although it 
remains the single most important supplier to the region (Table 8). While in 1985, around one- 
quarter of the Asia-9’s imports came from Japan, this had declined to 20 percent in 2000. 

The discussion above has highlighted that while the trade and financial links between 
Japan and the Asian region have declined, they remain very important, and economic 
developments in Japan continue to have significant implications for other countries in the 
region. Thailand, Philippines, and Indonesia are at the high end of relative reliance on Japan, 
while Singapore and Hong Kong SAR are at the low end. Japan has also become more reliant 
on trade with Asia. 

6 Nakamura and Matsuzaki (1997) find that Asian companies have been very successful at 
penetrating the Japanese market for electrical machinery and other manufactured goods, partly 
at the expense of the U.S. and European companies. 

7 These developments have taken place within the context of a near doubling between 1985 and 
1999 in the share of world trade that is accounted for by Asian countries, and a decline in 
Japan’s share of world trade. 

’ The country breakdown of Chinese trade data needs to be treated with caution, particularly for 
industrial countries, as trade with these countries is classified as trade with Hong Kong if it 
passes through Hong Kong ports. 
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111. MODELING ECONOMIC INTERDEPENDENCE IN THE ASIA-PACIFIC REGION 

Given the important trade and financial linkages, an analysis of the implications of 
developments and policies in Japan on the Asia-Pacific region needs to be undertaken with a 
model that adequately captures these interrelationships. The G-Cubed (Asia-Pacific) model- 
based on the theoretical structure of the G-Cubed model outlined in McKibbin and Wilcoxen 
(1998)-is well suited for such analysis, having both a detailed country coverage of the region 
and rich links between the countries through goods and asset markets.’ The principal features of 
the model are: 

0 It is based on explicit inter-temporal optimization by agents (households and firms) in each 
economy. 

l In order to track the macro time series, however, the behavior of agents is modified to 
allow for short-run deviations from such behavior either due to myopia or to restrictions 
on the ability of households and firms to borrow at the risk free rate on government bonds. 
For both households and firms, these deviations take the form of rules of thumb which are 
consistent with an optimizing agent that does not update predictions based on new 
information about future events. These rules of thumb are chosen to generate the same 
steady state behavior as optimizing agents so that in the long run there is only a single 
inter-temporal optimizing equilibrium of the model. In the short run, actual behavior is 
assumed to be a weighted average of the optimizing and rule of thumb assumptions. Thus 
aggregate consumption is a weighted average of consumption based on wealth (current 
asset valuation and expected future after tax labor income) and consumption based on 
current disposable income. This is consistent with the econometric results in Campbell and 
Mankiw (1987) and Hayashi (1982). Similarly, investment is a weighted average of 
investment based on Tobin’s q (a market valuation of the expected future change in the 
marginal product of capital relative to the cost) and investment based on a backward 
looking version of q. 

a There is an explicit treatment of financial assets, including money. Money is introduced 
through a restriction that households require money to purchase goods. 

l There is short run nominal wage rigidity (by different degrees across countries), and the 
model therefore allows for significant periods of unemployment depending on the labor 
market institutions in each country. This assumption, together with the explicit role for 
money, is what gives the model its “macroeconomic” characteristics. 

l The model distinguishes between the stickiness of physical capital within sectors and 
within countries and the flexibility of financial capital which immediately flows to where 
expected returns are highest. This important distinction leads to a critical difference 

9 A number of studies-summarized in McKibbin and Vines (2000)-have shown that the G- 
cubed model has been useful in assessing a range of issues across a number of countries since 
the mid-1980s. A stylized two-country G-cubed model is outlined in the Appendix, while full 
details of the model, including a listing of equations and parameters, can be found at: 
http://www.msFl(pl.com.au/ms~pl/ap~cubed46n/index.htm 
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between the quantity of physical capital that is available at any time to produce goods and 
services, and the valuation of that capital as a result of decisions about the allocation of 
financial capital. 

As a result of this structure, the G-Cubed model contains rich dynamic behavior, driven 
on the one hand by asset accumulation and on the other by wage adjustment to a neoclassical 
steady state. It embodies a wide range of assumptions about individual behavior and empirical 
regularities in a general equilibrium framework. The interdependencies are solved out using a 
computer algorithm that solves for the rational expectations equilibrium of the global economy. 
It is important to stress that economies are not in a full market clearing equilibrium at each point 
in time, and unemployment does emerge for long periods due to wage stickiness (which differs 
between countries due to differences in labor market institutions), but it is assumed that market 
forces eventually drive the world economy to a neoclassical steady state growth equilibrium. 

IV. THE IMPACT OF RECENT SHOCKS IN JAPAN ON ASIA 

In this section, the G-cubed (Asia-Pacific) model is used to assess the implications of 
three developments in the Japan during the 1990s-the slowdown in productivity growth, the 
increase in government expenditure, and the decline in equity prices-for the domestic and 
regional economies. In all the simulations, the Bank of Japan (BoJ) and other central banks are 
assumed to follow a fixed money stock rule. 

A Decline in Productivity Growth in Japan 

The decline in productivity growth in Japan is modeled as a decline (relative to baseline) 
in the expected growth rate of labor augmenting technical change of 3 percent per annum for 
three years, 1 percent per annum for another eight years, and then returning to trend after 
11 years. The results of the simulation are shown in Figure 2 for Japan and Figure 3 for the 
other countries. 

Following the negative shock to productivity, real GDP in Japan immediately falls 
relative to the baseline, although the impact on growth is initially dampened by two factors.” 
First, because there will be less Japanese goods available globally in the longer run, the relative 
price of these goods rises, i.e., the long run real exchange rate (the relative price of Japanese 
goods) appreciates. Forward-looking financial markets understand this outcome, and the 
exchange rate actually appreciates in the short-run, lowering inflation and inducing a relaxation 
of monetary policy. Second, because of the expected fall in future labor productivity, there is a 
substitution in the production process away from labor towards capital and other inputs which, 
in the short-run, causes investment to increase. This rise is reinforced by the price effect from 

lo With the productivity slowdown in Japan argued by many to have begun in the early 1990s 
Japan could be considered to be around year 10 in the simulation figures. 
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Figure 2. Japan: Effects of a Decline in Productivity Growth 

Percent deviarion from baseline 

6 Real Effects 6 

patma 

-18 0 1 2 3 4 5 6 7 8 9 10 11 -18 

Percenrpoinr devia!ionfrom baseline 
2.5 Inflation 

p”coL 
-‘.’ 0 1 2 3 4 5 6 7 8 9 10 11 

Source: Staff estimates. 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

-0.5 

-1.0 

Percent point deviafionfron~ baseline 

1’5 Interest Rates 1.5 

1.0 
t 

-3.0 - V - - - Nominal IO-yew bond yield - -3.0 
- - Real IO-year bond yield 

-3.5 - - -3.5 
,P”M21 

-4’o 0 1 2 3 4 5 6 7 8 9 10 11 -4’o 

-8 - - -8 

1 f. *. 
-12 *a.. 

a-.. 
i 

-12 
---..m.........- 

p”mzd 

-16 0 1 2 3 4 5 6 7 8 9 10 11 -16 



- 20 - 

Figure 3. Asia: Effects of a Decline in Japanese Productivity Growth 
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Figure 3. Asia: Effects of a Decline in Japanese Productivity Growth (Cont’d) 
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the exchange rate appreciation which makes imported capital goods less expensive. However, as 
the initial rise in investment peters out in the second year after the shock, the impact of the 
decline in productivity is fully felt and real GDP begins to decline sharply, falling 15 percent 
below the baseline after 10 years. 

The productivity slowdown in Japan has a negligible impact on the regional economies 
in the short-term, The appreciation of the yen boosts their competitiveness, offsetting the 
decline in production in Japan, which reduces the demand for intermediate inputs, and the lower 
real income, which reduces the demand for final goods. However, over time, the decline in 
activity in Japan dominates the impact of the lower real exchange rate, and real GDP in the 
regional economies falls below baseline, although there is some reallocation of capital away 
from Japan which acts to reduce the negative spillovers. The largest impact is felt in the 
Philippines, Taiwan, and Malaysia. 

A Rise in Government Expenditure 

The nature of the Japanese fiscal expansion during the 1990s is open to some 
interpretation. The increase in expenditure and rise in the deficit may initially have been viewed 
as temporary in nature, responding to a perceived cyclical downturn in the economy. Given 
Japan’s relatively strong fiscal position at the time, this move into deficit may have been viewed 
as having few implications for future financing costs, a view consistent with the decline in real 
long-term bond yields during the first half of the 1990s. However, as the deficit continued to 
widen, particularly over the past three years, it is likely to increasingly have been viewed as a 
permanent fiscal expansion, particularly in the absence of a credible policy to bring about 
medium-term fiscal consolidation. Again, this view appears consistent with the increase in real 
long-term bond yields since 1998. Consequently, while in this section the implications of a 
permanent increase in government expenditure are the main focus of the analysis, a discussion 
is also included of the impact of a temporary fiscal expansion (detailed results from a simulation 
of a temporary rise in government expenditure can be found in McKibbin and Callen, 2001). 

A permanent rise in government spending on goods and services of 1 percent of GDP 
(relative to baseline), financed by the issuance of government debt, is considered. The 
additional spending is assumed to be distributed as: 0.1 percent of GDP on durable 
manufacturing; 0.2 percent of GDP on non-durable manufacturing; and 0.7 percent of GDP on 
services. Over time, the fiscal closure rule in the model ensures that lump sum taxes on 
households rise to cover the servicing costs of the additional debt issued. The results are shown 
in Figure 4 for Japan and Figure 5 for the other countries. 

The results suggest that a permanent fiscal expansion offers only a very short term 
stimulus to the Japanese economy, and has a negative effect over time. The fiscal expansion has 
a positive impact on activity in the first year, although this is not as large as the direct stimulus 
itself due to the negative impact on consumption and investment. The additional government 
spending on goods and services raises aggregate demand through conventional Keynesian 
channels in the short run. As there is some stickiness in wages, real wages fall, and additional 
labor is forthcoming to temporarily satisfy the additional demand. 
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Figure 4. Japan: Effects of a Permanent Increase in Government Spending 

(Increase = 1 percent of GDP) 
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Figure 5. Asia: Effects of a Permanent Increase in Japanese Government Spending 

(Increase = 1 percent of GDP) 
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Figure 5. Asia: Effects of a Permanent Increase in Japanese Government Spending (Cont’d) 

(Increase = 1 percent of GDP) 
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However, the effects of the anticipated future fiscal deficits are also important. In 
anticipation of higher future taxes, households increase their saving and consumption therefore 
falls. But this effect is relatively small, and the additional resources required to finance the 
future deficits requires higher future real interest rates as the government competes with the 
private sector for domestic and foreign savings. The higher expected future real interest rates 
cause real long-term interest rates to rise, which attracts capital from overseas (either the 
repatriation of Japanese capital from abroad or new foreign capital inflows) and appreciates the 
exchange rate. In turn, these developments hurt equity prices, result in a decline in Tobin’s q, 
and a fall in private investment, while exports are negatively impacted by the more appreciated 
exchange rate. Thus, real GDP rises slightly above the baseline in the first year, but by the third 
year is below the baseline as the debt burden rises and crowds out private activity (growth is 
roughly 0.1 percent per annum lower than in the baseline over the medium-term-the impact on 
the growth rate can be calculated from the slope of the GDP line in Figure 4). As government 
expenditure has risen by around 8 percent of GDP over the past decade, the results suggest that 
real GDP growth will be a little under 1 percent lower over the medium-term (relative to the 
baseline). 

The relative trade reliance on Japan and the size of the external debt stock determines 
the transmission of the rise in government expenditure in Japan to other countries in the region. 
While in some countries there is a very small positive impact in the short run as the temporary 
demand stimulus in Japan raises the demand for their exports, the impact quickly turns negative 
both directly through higher real interest rates and because equity prices in Asia fall, affecting 
private consumption and investment, and in the longer run the negative effects on Asia reflect 
those in Japan. The smallest impact is estimated to be in China and the largest in Hong Kong. 

In contrast to the permanent increase in government expenditure, the economic 
implications of a temporary fiscal stimulus are more favorable. The key difference is the impact 
on real interest rates and future tax liabilities. Because the stimulus is only temporary, it has a 
minimal impact on real interest rates and household expectations of future tax liabilities, and in 
contrast to the permanent expansion, private consumption and investment are not therefore 
significantly affected. Consequently, the additional government expenditure boosts the 
economy in the short-run without having significant negative consequences for other 
components of demand. 

A Decline in Japanese Equity Prices 

A decline in Japanese equity prices is modeled as a permanent 3 percent rise in the 
equity risk premium (implying that Japanese equities require a rate of return 3 percent higher 
relative to government bonds compared to the baseline).” The results are shown in Figure 6 for 
Japan and Figure 7 for other countries. 

I r The model includes risk premia on certain assets calibrated to be equal to whatever is 
required to make the model-generated asset returns equal to the observed returns in the base 
year (1999). These risk premia are held constant during the simulations unless they are 
exogenously changed (as in the current simulation). 
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Figure 6. Japan: Effects of an Increase in the Risk of Holding Japanese Equity 
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Figure 7. Asia: Effects of an Increase in the Risk of Holding Japanese Equity 
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Figure 7. Asia: Effects of an Increase in the Risk of Holding Japanese Equity (Cont’d) 
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The immediate impact of a rise in the equity risk premium is a sharp drop in equity 
prices. The resulting decline in Tobin’s q causes investment to fall, while consumption is also 
adversely affected by the decline in private wealth. However, as capital flows out of Japan, the 
yen weakens, which boosts net exports, improves the current account balance, and dampens the 
initial negative impact on real GDP. Long term interest rates also decline, although there is a 
spike in short-term nominal interest rates because of a tightening of monetary policy in response 
to the rise in inflation (this reflects the assumed monetary policy reaction function-an 
alternative reaction function could change this short run outcome, but would not affect the 
medium to long term adjustment path). However, as consumption and investment weaken over 
the medium-term, real GDP falls sharply relative to the baseline. 

A slowdown due to a rise in equity risk (i.e., a loss of confidence) in Japan is transmitted 
positively to the rest of the world. Again there are a number of things happening. The capital 
outflow from Japan lowers real interest rates outside Japan, which raises investment and helps 
economies with high foreign debt levels. However, exports are negatively affected, although 
because the slowdown in Japan is asymmetric within the economy-exporting firms gain from 
the weaker yen whereas firms focused on the domestic economy suffer-countries that sell 
goods to the domestic Japanese market are more affected than those that sell inputs for exports. 
In addition, countries that compete with Japan in third markets will lose competitiveness 
because of the yen depreciation. Adding these effects together, all Asian countries gain in terms 
of GDP (although not necessarily in terms of income) because ultimately Japanese production is 
partially relocated to countries with lower financing costs. 

V. THE IMPACT OF FUTURE SHOCKS AND POLICY CHANGES IN JAPAN ON ASIA 

With the economy having again faltered since the middle of 2000, there has been a 
renewed focus on the policies needed to bring about a sustained economic recovery in Japan 
over the medium-term. The new Prime Minister, Mr. Koizumi, has advocated measures to 
address the NPL problem in the banking sector, bring about fiscal consolidation, and accelerate 
structural reforms to raise productivity growth, while there has been an active debate about the 
scope for further monetary easing and the impact this may have on the economy and the region, 
including through a depreciation of the yen. This section explores a number of these issues. 

Fiscal Consolidation 

Prime Minister Koizumi has indicated his intention to move toward fiscal consolidation, 
committing to limit net issuance of JGBs to Y30 trillion in FY2002, and suggesting a medium- 
term objective of achieving primary budgetary balance. In this simulation, the impact of a 
phased, fully credible, fiscal consolidation is considered, where government expenditure is 
reduced by 1.7 percent of GDP in the first year, 3.4 percent of GDP in the second year, and 
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5 percent of GDP from the third year onwards (relative to baseline).12 The results are presented 
in Figure 8 for Japan and Figure 9 for other countries (the impact of a permanent, one-off, 
reduction in government expenditure can be seen by inverting the results in Figures 4 and 5). 

In response to the announcement of the fiscal consolidation plan, the model predicts that 
real interest rates would fall as financial markets react to the lower expected future deficits. At 
the same time, the yen would depreciate by around 15 percent. As households anticipate the 
lower future tax obligations, consumption would rise, while the exchange rate depreciation 
would boost net exports. These factors would more than offset the declines in government 
expenditure and private investment, the latter due to the lower expected growth during years 
2-4 which would push down equity prices, and real GDP rises in the first year. Because 
inflation rises in response to the depreciation and the pick-up in growth, short-term interest rates 
rise (if the BoJ did not raise interest rates, the initial output response would be even more 
positive). However, real GDP would fall below baseline in the second and third years as the 
positive impact from the financing gains is more than offset by the actual decline in government 
expenditure, and it is only from the fifth year that it once again moves above the baseline as the 
positive impact of the decline in real interest rates and the real exchange rate on consumption, 
investment, and net exports is fully felt. 

When compared to the (inverse) of the temporary fiscal expansion considered in the 
previous section, this simulation shows the potential benefits of announcing a fully credible 
fiscal consolidation strategy as against one that is not believed. While even in the case of a 
credible consolidation there are short-run costs to output as government demand is withdrawn 
from the economy, these are partly mitigated by the positive announcement effect on 
consumption and investment brought about by the rise in equity prices, decline in long-term 
interest rates, and the lower future tax liabilities of households. In the case of the temporary 
consolidation, none of these offsetting factors are apparent. 

The impact on the other Asian economies is similar (but opposite in sign) to the results 
discussed earlier for a fiscal expansion in Japan. In the first year, the impact depends on the 
relative importance of trade and financial links, but is small. While the depreciation of the yen 
offsets the rise in demand in Japan, countries with high debt levels (such as Indonesia) actual 
see an increase in real GDP. In the second year, all the Asian economies are gaining more from 
lower capital costs than they are losing from a temporary slowdown in Japan and the weaker 
yen, and the benefits over the medium term are estimated to be considerable. 

Quantitative Monetary Easing 

With nominal short-term interest rates in Japan having been at, or near zero, for a 
number of years, debate has focused on whether the BoJ should seek to undertake quantitative 
easing, including through increased rinban operations, to provide additional liquidity to the 

l2 While it is unlikely that any consolidation would happen this quickly, for the purposes of the 
simulations it is useful to have it occurring in a relatively short period of time so that the 
competing effects of the policy become more clearly visible. 
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Figure 8. Japan: Effects of a Phased Fiscal Consolidation 
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Figure 9. Asia: Effects of a Phased Fiscal Consolidation in Japan 
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Figure 9. Asia: Effects of a Phased Fiscal Consolidation in Japan (Cont’d) 
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economy. While such a policy would be moving into uncharted waters, and consequently is 
difficult to quantify, the G-cubed model provides an insight into the possible transmission 
mechanism of such a policy both in Japan and across the region more broadly. In the simulation, 
the BoJ is assumed to purchase government bonds sufficient to bring about a permanent 
1 percent increase in the money supply relative to the baseline. The results are shown in 
Figure 10 for Japan and Figure 11 for the other countries. 

The monetary injection raises inflation expectations and consequently lowers short-term 
real interest rates (nominal interest rates, of course, are constrained by the zero-bound) and 
depreciates the exchange rate. The decline in real interest rates and rise in equity prices 
temporarily stimulates private consumption and investment and the yen depreciation 
temporarily boosts net exports. The result is a temporary rise in real GDP through standard 
Keynesian channels-a demand stimulus accompanied by a fall in real wages and real interest 
rates temporarily increasing aggregate supply. Over time, however, price adjustment removes 
the real effects of the monetary shock and the economy settles down to the original baseline 
with higher prices, but not higher inflation due to the shock being a rise in the level of money 
balances (a shock to the rate of growth of money results in a larger stimulus to demand, but also 
a permanent change in the underlying inflation rate in Japan). Long-term interest rates change 
little because the inflationary impulse is temporary, while the change in the real exchange rate 
that stimulates net exports is largely eroded by the second year. 

The effects on the rest of Asia are small. The temporary boost to aggregate demand 
leads to an increase in the demand for Asian goods in Japan, but this is offset by the rise in the 
price of these goods when converted into yen within the Japanese economy. Indeed, in the first 
year, the exchange rate effect dominates, and exports from each Asian economy to Japan, and 
into third markets in which they compete with Japanese goods, falls. In the second year, the 
demand stimulus in Japan has not declined as quickly as the real exchange rate, and therefore 
Asian exports are higher than in the baseline for several more years. Despite the export response 
being negative for growth in Asian economies in the first year, real GDP is broadly unchanged 
as equity prices rise in anticipation of the growth in periods 2 through 5, which raises private 
wealth and consumption sufficiently to offset the export decline. 

Of course, the numerical results from the simulations are subject to considerable 
uncertainty in the current economic environment (for example, the behavior of velocity, which 
is assumed to remain constant in the simulation, is very difficult to predict under such a 
quantitative easing scenario), while the model is obviously unable to address the questions of 
whether an increase in the BoJ’s quantitative target could actually be achieved through stepped- 
up purchases of government bonds and whether, in the presence of a weak banking system, a 
higher quantitative target would impact on the real economy. However, the simulation suggests 
that the primary transmission channels of such a bond purchase would be through inflation 
expectations, the exchange rate, and equity prices. Further, it suggests that if part of an overall 
monetary easing that was successful in boosting the Japanese economy, a depreciation of the 
yen would have a minimal impact on other regional economies. 
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Figure 10. Japan: Effects of a 1 Percent Monetary Expansion 

Percent deviationfrom baseline 

o’50 Real Effects 

Percenrpoint devinrion from baseline 
0.50 

“’ Inflation and Interest Rates 
0.8 

- 0.6 

pm, oa PmolW 
-‘.l” 0 1 2 3 4 5 6 7 8 9 10 11 -“lo -Of5 0 1 2 3 4 5 6 7 8 9 10 11 -06 

Percent devianonfrom baseline 

OS Exchange Rates 
(Down is appreciation of lJS$) 

,p”lcm 
-1.5 0 1 2 3 4 5 6 7 8 9 10 11 

Percent deviation from baseline 
1.2 

Tobin’s Q 

1.0 0.8 

0.6 

.l.O 0.0 

-0.2 

PmclW 
.1.5 -“‘4 I 0 1 2 3 4 5 6 7 8 9 10 11 -“‘4 



Figure 11. Asia: Effects of a 1 Percent Japanese Monetary Expansion 
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Figure 11. Asia: Effects of a 1 Percent Japanese Monetary Expansion (Cont’d) 
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A Loss of Confidence in the Yen 

If investors perceive that the reforms needed to restore healthy growth in Japan over the 
medium-term are not being implemented, thus increasing the risk of a further round of financial 
difficulties in the banking sector and raising questions about the sustainability of public debt, a 
significant outflow of capital is possible. In this simulation, this is modeled as a 3 percentage 
point increase in the risk premium on all Japanese assets in the interest parity condition between 
yen and U.S. dollar denominated government bonds (the simulation is similar to the loss of 
confidence in Japanese equities discussed earlier, but in this case the risk shock is applied to the 
entire Japanese economy reflecting the loss of confidence in the yen). The results are shown in 
Figure 12 for Japan and Figure 13 for the other countries. 

The results are similar to those for the rise in the equity risk premium. The major 
difference is that whereas in that simulation there was a shift into Japanese government bonds, 
which pushed down long-term real interest rates in Japan, in this simulation the asset 
substitution is solely into foreign assets and therefore long-term real interest rates rise. The 
depreciation of the yen is larger-around 45 percent-and the domestic output loss in Japan is 
more significant. The impact on other countries in the region is broadly neutral in the first year, 
but positive thereafter as the benefits of the lower capital costs caused by the additional inflow 
of capital (the mirror of the outflows from Japan) push down real interest rates and stimulate 
investment which more than offsets the decline in exports that result from the weaker growth in 
Japan and the loss of competitiveness due to the depreciation of the yen. 

VI. C~N~LU~I~~~ANDPOLICYIMPLI~ATI~N~ 

This paper has highlighted a number of important issues in understanding the 
transmission of shocks between Japan and the Asia-Pacific region. Because trade and financial 
linkages are significant, shocks are transmitted across countries through goods and asset 
markets, and the adequate modeling of these links is important if a complete assessment of the 
impact of the shocks is to be made. While the actual magnitude of the impact of the shocks 
considered will likely be different to the precise numerical predictions of the model, the insights 
provided about the transmission mechanism are important. For example, the results suggest that 
trade linkages often work in the opposite direction to financial linkages, and that there is often a 
tradeoff between the positive effects from a shock through one channel and the negative effects 
through the other. Indeed, financial flows act as automatic stabilizers in many of the simulations 
considered. It also appears to matter whether the trade linkages are for final consumption goods 
or for intermediate goods to be used in production. The relative importance of each channel 
determines the overall impact of the shocks. 
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Figure 12. Japan: Effects of a Loss in Confidence in the Yen 
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Figure 13. Asia: Effects of a Loss of Confidence in the Yen 
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Figure 13. Asia: Effects of a Loss of Confidence in the Yen (Cont’d) 
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Impact on Real GDP: Summary of Selected Simulation Results 
(Percent Deviation of GDP from Baseline) 

Phased Fiscal Monetary Decline in A loss of conf- 
Consolidation ’ Easing Productivity Growth 3 idence in the Yen 4 

Impact After 1 year 3 years 5 years 1 year 5 years 1 year 5 years 1 year 5 years 

Japan 0.2 -1.0 0.4 0.4 0.0 -1.2 -6.3 -0.1 -8.8 
Taiwan 0.1 0.6 1.1 0.0 0.0 -0.1 -1.6 0.2 2.7 
Korea 0.1 0.5 1.1 0.0 0.0 -0.1 -1.3 0.2 3.0 
Hong Kong 0.1 0.7 1.4 0.0 0.0 -0.1 -1.8 0.2 3.7 
Singapore 0.1 0.5 1.2 0.0 0.0 -0.1 -1.4 0.2 3.1 
Thailand 0.0 0.5 1.0 0.0 0.0 -0.1 -1.5 0.1 2.7 
Indonesia 0.1 0.3 0.6 0.0 0.1 -0.1 -0.7 0.2 1.5 
Malaysia -0.1 0.6 1.3 0.0 0.0 0.1 -2.0 -0.3 3.0 
Philippines 0.1 0.7 1.2 0.0 0.0 -0.1 -1.9 0.1 2.5 
China 0.0 0.2 0.4 0.0 0.0 0.0 -0.4 -0.1 1.0 
’ Reduction in government expenditure of 1.7 percent of GDP in the first year, 3.4 percent in the second 

Y 
ear, and 5 percent from the third year onward. 
BoJ purchase of government bonds sufficient to bring about a permanent 1 percent increase in the 

money supply. 
3 Decline in growth rate of labor augmenting technical change of 3 percent per annum for three years, 
1 percent per annum for another eight years, and then returning to trend. 
4 A 3 percentage point increase in the risk premia on all Japanese assets. 

The simulation results have a number of implications for the ongoing policy debate in 
Japan, and for policymakers in other Asian countries as they assess the potential impact of any 
policy changes in Japan on their own economies: 

l As Japan moves toward fiscal consolidation over the medium-term, the results give 
some grounds for optimism that the economic impact can be limited. While undoubtedly 
there will be a negative short-term impact on activity, this could be fairly limited if the 
announcement were credible-perhaps legislated in a fiscal responsibility act which 
specified a long-term public debt target and the tax, expenditure, and social security 
policies to back-up that target-and would be quite quickly replaced by the positive 
impact from the decline in real interest rates and rise in equity prices. The negative 
short-run impact could also be offset by a more expansionary monetary policy through 
the central bank’s purchase of government debt. The existence of financial as well as 
trade linkages means that the effects of the fiscal consolidation in Japan is broadly 
neutral for the region in the short-run, but beneficial over the medium term. 

The results suggest that a quantitative easing of monetary policy through the BoJ’s 
outright purchase of government bonds would stimulate the economy in the short-run, 
and from a position of insufficient demand would help close the output gap. However, it 
needs to be recognized that in the current situation the impact of such a monetary 
stimulus is highly uncertain, and the results should be taken more as indicating the 
transmission channels through which a policy relaxation could work, rather than the 
actual size of the impact it would have. 
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l Trends in Japanese productivity growth have important implications for the domestic 
economy and the region. Therefore structural reforms that boost productivity growth 
over the medium-term will provide a boost to growth domestically and in the region (the 
results can be seen as the inverse of the first simulation presented in Section D). 

0 In terms of the exchange rate, an important point that emerges from the results is that the 
implications of a depreciation of the yen depend importantly on the reasons for the 
depreciation.13 For example, a depreciation due to a loss of confidence in Japan has a 
large negative effect on Japan, but could actually be positive for the region because of 
the increase in capital inflows they would receive. If the depreciation is due to monetary 
easing, however, this has a positive impact on the Japanese economy, but is broadly 
neutral for the region because the positive effect on growth in Japan offsets the loss of 
competitiveness from the yen’s depreciation. 

i3 This is stressed in Chapter 6 of McKibbin and Sachs (1991) with respect to the debate in the 
mid-1980s on policies to force down the strong U.S. dollar. 
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A STYLIZED TWO-COUNTRY G-CUBED MODEL 

A stylized two-country model is presented below which distills the essence of the 
G-Cubed model and in particular how the inter-temporal aspects of the model are handled. 
Greater detail is provided in McKibbin and Wilcoxen (1998). 

Each country consists of several economic agents: households, the government, the 
financial sector, and two firms, one each in the two production sectors. The two sectors of 
production are energy and non-energy. The following gives an overview of the theoretical 
structure of the model by describing the decisions facing these agents in one of the countries. 
Throughout the discussion all quantity variables will be normalized by the economy’s 
endowment of effective labor units. Thus, the model’s long run steady state will represent an 
economy in a balanced growth equilibrium. 

Firms 

It is assumed that each of the two sectors can be represented by a price-taking firm 
which chooses variable inputs and its level of investment in order to maximize its stock market 
value. Each firm’s production technology is represented by a constant elasticity of substitution 
(CES) function. Output is a function of capital, labor, energy and materials: 

(1) 

where Qi is the output of industry i, xg is industry i’s use of inputj, and A~‘, 6;) and 09 are 
parameters. Al? reflects the level of technology, o LY is the elasticity of substitution, and the 

6 i parameters reflect the weights of different inputs in production; the superscript o indicates 

that the parameters apply to the top, or “output”, tier. Without loss of generality, the 6 ; s are 
constrained to sum to one. 

The goods and services purchased by firms are, in turn, aggregates of imported and 
domestic commodities which are taken to be imperfect substitutes. It is assumed that all agents 
have identical preferences over foreign and domestic varieties of each commodity. Preferences 
are represented by defining composite commodities that are produced from imported and 
domestic goods. Each of these commodities, yI, is a CES function of inputs, domestic output, 
Qi, and an aggregate of goods imported from all of the country’s trading partners, Mi: 

CTifd @ii” -1) 

yi = Aifa (2) 
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where o if” is the elasticity of substitution between domestic and foreign goods. For example, the 
energy product purchased by agents in the model are a composite of imported and domestic 
energy. The aggregate imported good, Mi, is itself a CES composite of imports from individual 
countries, Mi,, where c is an index indicating the country of origin: 

(3) 

The elasticity of substitution between imports from different countries is o i//. 

By constraining all agents in the model to have the same preferences over the origin of 
goods, it is required that, for example, the agricultural and service sectors have identical 
preferences over domestic oil and imported oi1.14 This accords with the input-output data used, 
and allows a very convenient nesting of production, investment and consumption decisions. 

In each sector the capital stock changes according to the rate of fixed capital formation 
(Ji) and the rate of geometric depreciation (Si): 

(4) 

Following the cost of adjustment models of Lucas (1967), Treadway (1969) and Uzawa (1969), 
the investment process is assumed to be subject to rising marginal costs of installation. To 
formalize this, Uzawa’s approach is adopted by assuming that in order to install Junits of 
capital a firm must buy a larger quantity, 1, that depends on its rate of investment (J/k): 

(5) 

where $i is a non-negative parameter. The difference between J and I may be interpreted various 
ways; here it is viewed as installation services provided by the capital-goods vendor. 
Differences in the sector-specificity of capital in different industries will lead to differences in 
the value of $i . 

The goal of each firm is to choose its investment and inputs of labor, materials and 
energy to maximize intertemporal net-of-tax profits. For analytical tractability, it is assumed 

l4 This does not require that both sectors purchase the same amount of oil, or even that they 
purchase oil at all; only that they both feel the same way about the origins of oil they buy. 
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that this problem is deterministic (equivalently, the firm could be assumed to believe its 
estimates of future variables with subjective certainty). Thus, the firm will maximize:15 

where all variables are implicitly subscripted by time. The firm’s profits, 7c, are given by: 

zi = (l-7 J)(P~ Qi - wi xii - p: xie - P” xim> (7) 

where ~2 is the corporate income tax, 74 is an investment tax credit, andp* is the producer price 
of the firm’s output. R(s) is the long-term interest rate between periods t and s: 

R(s) = -$ jr(v)dv 
I 

Because all real variables are normalized by the economy’s endowment of effective labor units, 
profits are discounted adjusting for the rate of growth of population plus productivity growth, n. 
Solving the top tier optimization problem gives the following equations characterizing the 
firm’s behavior: 

Ji Ai=(1+$i-)(1-T4)pl 
ki 

where hi is the shadow value of an additional unit of investment in industry i. 

Equation (9) gives the firm’s factor demands for labor, energy, and materials, and 
equations (10) and (11) describe the optimal evolution of the capital stock. Integrating (11) 

i5 The rate of growth of the economy’s endowment of effective labor units, M, appears in the 
discount factor because the quantity and value variables in the model have been scaled by the 
number of effective labor units. These variables must be multiplied by exp(nt) to convert them 
back to their original form. 
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along the optimum trajectory of investment and capital accumulation, (j(t), i(t)) gives the 
following expression for hi : 

Thus, hi, is equal to the present value of the after-tax marginal product of capital in production 
(the first term in the integral) plus the savings in subsequent adjustment costs it generates. It is 
related to q, the after-tax marginal version of Tobin’s Q, as follows: 

qi = (leT;)pi (13) 

Thus, (10) can be rewritten as: 

Inserting this into (5) gives total purchases of new capital goods: 

I~ = $(q; -l)k, 
I 

(15) 

Based on Hayashi (1979), who showed that actual investment seems to be party driven 
by cash flows, (15) is modified by writing 1, as a function not only of q, but also of the firm’s 
current cash flow at time t, Xi, adjusted for the investment tax credit: 

Ii =a, -$q; -l)ki +(1-a,) Z’ 
1 k)P' 

(16) 

This improves the model’s ability to mimic historical data and is consistent with the existence 
of firms that are unable to borrow and therefore invest purely out of retained earnings. 

Investment goods are supplied by a third industry that combines labor and the outputs of 
other industries to produce raw capital goods. This firm is assumed to face an optimization 
problem identical to those of the other two industries: it has a nested CES production function, 
uses inputs of capital, labor, energy and materials in the top tier, incurs adjustment costs when 
changing its capital stock, and earns zero profits. The key difference between it and the other 
sector is that the investment column of the input-output table is used to estimate its production 
parameters. 
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Households 

Households have three distinct activities in the model: they supply labor, they save, and 
they consume goods and services. Within each region, it is assumed that household behavior 
can be modeled by a representative agent with an intertemporal utility function of the form: 

Ut=mi(lnc(s)+lng(s))e8(“-t)ds 
t 

(17) 

where C(S) is the household’s aggregate consumption of goods and services at time s, g(s/ is 
government consumption at S, which we take to be a measure of public goods provided, and 8 is 
the rate of time preference. l6 The household maximizes (17) subject to the constraint that the 
present value of consumption is equal to the sum of human wealth, H, and initial financial 
assets, F: l7 

TPC mw- (R(s)-n)(s-t) = H, + Ft (18) 

Human wealth is defined as the expected present value of the future stream of after-tax labor 
income plus transfers: 

/-r,=j(,-T,)(w(LG +Lc +L’ +~L’)+TR),-(R(“,-“)(S-‘)ds 
I i=l 

(19) 

where zt is the tax rate on labor income, TR is the level of government transfers, Lc is the 
quantity of labor used directly in final consumption, L’ is labor used in producing the investment 
good, LG is government employment, and L’ is employment in sector i. Financial wealth is the 
sum of real money balances, MOAVP, real government bonds in the hand of the public, B, net 
holding of claims against foreign residents, A, and the value of capital in each sector: 

j&!!?+~+A+q’k’+qckc+~qiki 
P i=l 

(20) 

I6 This specification imposes the restriction that household decisions on the allocations of 
expenditure among different goods at different points in time are separable. 

l7 As before, n appears in (18) because the model’s scaled variables must be converted back to 
their original basis. 
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Solving this maximization problem gives the familiar result that aggregate consumption 
spending is equal to a constant proportion of private wealth, where private wealth is defined as 
financial wealth plus human wealth: 

pcc=8 (F+H) (21) 

However, based on the evidence cited by Campbell and Mankiw (1987) and Hayashi (1982) we 
assume some consumers are liquidity-constrained and consume a fixed fraction, y, of their after- 
tax income (1NCJ.l’ Denoting the share of consumers who are not constrained and choose 
consumption in accordance with (2 1) by (38, total consumption expenditure is given by: 

Pee = a@(Ft + Ht) + (1 -a& INC (22) 

The share of households consuming a fixed fraction of their income could also be interpreted as 
permanent income behavior in which household expectations about income are myopic. 

Once the level of overall consumption has been determined, spending is aIIocated 
among goods and services according to a CES utility function. l9 The demand equations for 
capital, labor, energy, and materials can be shown to be: 

where y is total expenditure, xc is household demand for good i, 0 ,” is the top-tier elasticity of 

substitution, and the 6 ,F are the input-specific parameters of the utility function. The price index 
for consumption, pc, is given by: 

pc= 

j=k,l,e,m 

1 

Oc O-1 
(24) 

I8 One side effect of this specification is that it prevents the computation of equivalent variation. 
Since the behavior of some of the households is inconsistent with (21), either because the 
households are at corner solutions or for some other reason, aggregate behavior is inconsistent 
with the expenditure function derived from the utility function, 

I9 The use of the CES function has the undesirable effect of imposing unitary income 
elasticities, a restriction usually rejected by data. An alternative would be to replace this 
specification with one derived from the linear expenditure system. 
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Household capital services consist of the service flows of consumer durables plus 
residential housing. The supply of household capital services is determined by consumers 
themselves who invest in household capital, kc, in order to generate a desired flow of capital 
services, c?, according to the following production function: 

ck =akc (25) 

where a is a constant. Accumulation of household capital is subject to the condition: 

It is assumed that changing the household capital stock is subject to adjustment costs so 
household spending on investment, I”, is related to J” by: 

Thus, the household’s investment decision is to choose f to maximize: 

co 

I( PCkakC - plIC)e -uw-4w)~s 

t 

(26) 

(27) 

(28) 

wherePCk is the imputed rental price of household capital. This problem is nearly identical to the 
investment problem faced by firms and the results are very similar. The only important 
differences are that no variable factors are used in producing household capital services and 
there is no investment tax credit for household capital. Given these differences, the marginal 
value of a unit of household capital, hc, can be shown to be: 

(29) 

where the integration is done along the optimal path of investment and capital accumulation, 
(jC (t), iC (t)) . Marginal q is: 

(&+ (30) 
P 

and investment is given by: 
J -g =$(Y,-i) 

c 
(31) 
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The Labor Market 

Labor is assumed to be perfectly mobile among sectors within each region, but is 
immobile between regions. Thus, wages will be equal across sectors within each region, but will 
generally not be equal between regions. In the long run, labor supply is completely inelastic and 
is determined by the exogenous rate of population growth. Long run wages adjust to move each 
region to full employment. In the short run, however, nominal wages are assumed to adjust 
slowly according to an overlapping contracts model where wages are set based on current and 
expected inflation and on labor demand relative to labor supply. The equation below shows how 
wages in the next period depend on current wages; the current, lagged and expected values of 
the consumer price level; and the ratio of current employment to full employment: 

The weight that wage contracts attach to expected changes in the price level is 015 while the 
weight assigned to departures from full employment (z) is &j. Equation (32) can lead to short- 
run unemployment if unexpected shocks cause the real wage to be too high to clear the labor 
market. At the same time, employment can temporarily exceed its long run level if unexpected 
events cause the real wage to be below its long run equilibrium. 

The Government 

Each region’s real government spending on goods and services is exogenous and assumed to be 
allocated among inputs in fixed proportions, which are set to 1996 values. Total government 
outlays include purchases of goods and services plus interest payments on government debt, 
investment tax credits, and transfers to households. Government revenue comes from sales taxes 
and corporate and personal income taxes, while the government can also sell new bonds. The 
government budget constraint may be written in terms of the accumulation of public debt as 
follows: 

iit =D, =qB, t-G, +TR, -Tt (33) 

where B is the stock of debt, D is the budget deficit, G is the total government spending on 
goods and services, TR is transfer payments to households, and T is total tax revenue net of any 
investment tax credit. 

It is assumed that agents will not hold government bonds unless they expect them to 
eventually be paid off, and accordingly impose the following transversality condition: 

lim B(s) e-(R(‘)-‘)’ = 0 
s+m (34) 
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This prevents per capita government debt from growing faster than the interest rate forever. If 
the government is fully leveraged at all times, (34) allows (33) to be integrated to give: 

B, = 7 (T - G -T’) e-(R(+&-t)& (35) 

Thus, the current level of debt will always be exactly equal to the present value of future budget 
surpluses.20 

The implication of (35) is that a government running a budget deficit today must run an 
appropriate budget surplus at some point in the future, otherwise the government would be 
unable to pay interest on the debt and agents would not be willing to hold it. To ensure that (35) 
holds at all points in time, it is assumed that the government levies a lump sum tax in each 
period equal to the value of interest payments on the outstanding debt21 In effect, therefore, any 
increase in government debt is financed by consols, and future taxes are raised sufficiently to 
accommodate the increased interest costs. Other fiscal closure rules are also possible; for 
example, requiring the ratio of government debt to GDP to be unchanged in the long run. 

Financial Markets and the Balance of Payments 

The regions in the model are linked by flows of goods and assets. Flows of goods are 
determined by the import demands described above. These demands can be summarized in a set 
of bilateral trade matrices which give the flows of each good between exporting and importing 
countries. Trade imbalances are financed by flows of assets between countries. Each region with 
a current account deficit will have a matching capital account surplus, and vice versa.22 Asset 
markets are assumed to be perfectly integrated across regions. With free mobility of capital, 
expected returns on loans denominated in the currencies of the various regions must be 
equalized period to period according to a set of interest arbitrage relations of the following 
form: 

IQ 
ik+/dk =ij+Pj +z (36) 

2o Strictly speaking, public debt must be less than or equal to the present value of future budget 
surpluses. For tractability it is assumed that the government is initially fully leveraged so that 
this constraint holds with equality. 

21 In the model the tax is actually levied on the difference between interest payments on the debt 
and what interest payments would have been if the debt had remained at its base case level. The 
remainder, interest payments on the base case debt, are financed by ordinary taxes. 

22 Global net flows of private capital are constrained to be zero at all times-the total of all 
funds borrowed exactly equals the total funds lent. As a theoretical matter this may seem 
obvious, but it is often violated in international financial data. 
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where ik and 4 are the interest rates in countries k andj, uk and uj are exogenous risk premiums 
demanded by investors (calibrated in the baseline to make the model condition hold exactly 
with actual data), and EL IS the exchange rate between the currencies of the two countries. 

Capital flows may take the form of portfolio investment or direct investment, but it is 
assumed that these are perfectly substitutable ex ante, adjusting to the expected rates of return 
across economies and across sectors. Within each economy, the expected returns to each type of 
asset are equated by arbitrage, taking into account the costs of adjusting the physical capital 
stock and allowing for exogenous risk premiums. However, because physical capital is costly to 
adjust, any inflow of financial capital that is invested in physical capital will also be costly to 
shift once it is in place. This means that unexpected events can cause windfall gains and losses 
to owners of physical capital and expost returns can vary substantially across countries and 
sectors. For example, if a shock lowers profits in a particular industry, the physical capital stock 
in the sector will initially be unchanged, but its financial value will drop immediately. 

Money Demand 

Finally, money enters the model via a constraint on transactions.23 A money demand 
function is used in which the demand for real money balances is a function of the value of 
aggregate output and short-term nominal interest rates: 

MON = P;., 

where Y is aggregate output, P is a price index for Y, i is the interest rate, and E is the interest 
elasticity of money demand. The supply of money is determined by the balance sheet of the 
central bank and is exogenous. 

23 Unlike other components of the model, this is assumed rather than derived from optimizing 
behavior. Money demand can be derived from optimization under various assumptions: money 
gives direct utility; it is a factor of production; or it must be used to conduct transactions. The 
distinctions are unimportant for our purposes. 
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