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中 文 摘 要 ： 本計畫以文字探勘技術，從華爾街日報資料庫的媒體文章建構出關
於財金市場，和實體經濟的媒體悲觀指標。我們所建構出的指標對
於美國的經濟成長率和失業率有顯著的預測力。此外，透過向量自
迴歸的衝擊反應分析和預測誤差變異數分解，我們也發現來自於悲
觀情緒指標的衝擊對總體經濟變數具有顯著的負面影響，且解釋幅
度不低於貨幣政策衝擊。

中文關鍵詞： 文字探勘分析；悲觀情緒指標；向量自迴歸

英 文 摘 要 ： In this report, we use the textual analysis method to
construct the pessimistic index from the Wall Street
Journal database. We find the pessimistic index has a
predictive content to the output growth rate and
unemployment rate, and the innovation in
pessimistic index has significant adverse effects on real
economic activities.

英文關鍵詞： Textual Analysis; Market Pessimistic Index; Vector
Autoregression
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1 Introduction

It is widely recognized that the content of the news about financial market and real

economy can be linked to investor psychology and sociology. For instance, Tetlock (2007)

find that high media pessimism predicts downward pressure on market prices. Baker

et al. (2016) constructs the economic policy uncertainty index based on media articles

and find the policy uncertainty is associated with greater stock market volatility and

reduced investment, employment and output.

In literature, textual analysis is widely used to measure market investor’s pessimistic

sentiment or economic uncertainty from media content. Tetlock (2007) used General

Inquirer (GI) to automatically process the articles in Wall Street Journal (WSJ) data base,

and count the number of the words listed in “NEGATIVE” or “WEAK” GI catagories

from Harvard psychosocial dictionary. The advantage of GI is stable and it takes semantic

structure of sentences into accounts. However, Loughran and McDonald (2011) show that

nearly 3/4 of words in “NEGATIVE” GI category has no negative implications in financial

contexts.

To avoid the problem such as irrelevant matches, Garcia (2013) uses the words list

in Loughran and McDonald (2011) financial dictionary instead of Harvard psychosocial

dictionary, and counts the world occurrence as well. Although the dictionary approach

is intuitive and more relevant to financial context, it fails to identify the direction of sen-

timent whenever “not” preceded an adjective. Therefore, to take advantages of Garcia’s

approach and further avoid semantic problem in adjectives, we develop our measure of

sentiment index based in the dictionary of nouns. To be precise, we adopt the “POS-

ITIVE” and “NEGATIVE” word list from Loughran and McDonald (2011)’s financial

dictionary like Garcia (2013) in this report; however, we use only “nouns” in the word

lists because nouns are less likely to be affected by “not” preceding. This can be easily

done by applying part-of-speech algorithms (POS).

In an influential paper, Baker et al. (2016) counts the number of articles which matches

the specific keyword set like “uncertainty” and “economics” and “policy”. It is worth

noting that Baker et al. (2016)’s approach is immune with the problem of “not-adjectives”

because keywords are more like nouns. However, the small keyword set might filter out

too many useful information and further lead to a limited number of matches in a given
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period. Moreover, Baker et al. (2016) count the number of articles matching keyword

“uncertainty” as their measure, which might ignore the effect of positive sentiment. For

example, a news article might one “uncertainty” word but also 100 positive words, in

this case, it is not fair to treat this article as a negative signal. Thus, in this report, we

consider both positive and negative words in our methodology to construct the media

pessimistic index, and it can help us to identify whether negative sentiment outweigh

positive sentiment.

The remaining of this report is organized as follows. Section 2 describes the method-

ology to construct the pessimistic index. Section 3 outlines our empirical application of

the pessimistic index. Finally, Section 4 concludes.

2 Methodology to Construct the Investor Pessimistic

Index

In this report, we construct our pessimistic index as follows:

1. We apply POS to Loughran and McDonald (2011) financial dictionary for each news

article, and construct “POSITIVE” and “NEGATIVE” word categories, and keep

all the nouns.

2. We count the occurrence of words by using these processed article.

3. For each processed news article i written in date t, we count the number of positive

words Pit and negative words Pit, then calculate the individual pessimistic index

pesit =
NEGit

POSit+NEGit

.

4. For each t, we calculate an aggregate pessimistic index PESt =
∑

N

i=1
pesit

∑
N

i=1

∑
T

t=1
pesit

, where

N is the total number of articles and T is the number of days in a specific month.

As in Tetlock (2007), it is natural to choose Wall Street Journal (WSJ) as our source

of news articles since it has the largest reader base in US, and its electronic version of

news article can be acquired on Proquest database, including Eastern edition, New York,

online edition of WSJ. In particular, we distinguish the sentiment from market, and the

sentiment from real economy. For instance, we search for market-related news articles
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through by adding the subject “market”. We studied 49866 news articles related to the

keyword “market” on WSJ from January 1991 to December 2014, and we studied 19457

news articles related to the subject “economy” and (or) “business” on WSJ from January

1996 to December 2014. We then construct the pessimistic index related to market and

the real economy, respectively. We plot them in Figures 1 and 2, respectively. And the

summary descriptive statistics of the word list we used is shown in Table 1.

3 Empirical Evidence

3.1 Predictive Content of Media Pessimistic Index

We explore the roles of the pessimistic index from the market and the real economy as

predictors of the economic activity. Specifically, let Xt denote a monthly measure of

economic activity, we estimate the following predictive regression:

Xt+h = α +

p
∑

i=0

βiXt−i + γ1PESt + γ2Termt + γ3Credt + γ4Srett + ǫt+h, h ≥ 1 (1)

where Xt−i, i = 0...p are the lagged dependent variables, PESt is the pessimistic indexes

constructed in this paper, which can be the market pessimistic index PESMarket
t or the

real economy index PES
Economy
t , respectively. Termt denotes the spread between the

yield of the long-term bond and short-term bond, Credt denotes the credit spread, which

is measured by taking the difference between the yield of the Baa-rated corporate bond

and Aaa corporate bond, Srett represents the stock market return, which is measured by

the S&P 500 stock market index. Finally, ǫt+h represents the forecast errors.

We estimate (1) by ordinary least squares (OLS). Measures of monthly economic

activity (dependent variable) considered include the annual growth rate of manufacturing

industrial production index and civilian unemployment rate, which can be obtained from

the database of the Federal Reserve Bank of St.Louis. First, we report the in-sample

predictive result of PESMarket
t in Table 2 and 3. The forecast horizon we considered is

h = 1, 3, 6, 9, 12, and include an one-month lagged dependent variable. The Newey-West

corrected t-statistics and adjusted R2 are also reported to facilitate the discussion. It is

shown in Table 2 and 3, PESMarket
t has predictive power to the annual growth rate of

industrial production and unemployment rate, after controlling Termt, Credt and Srett.
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And the estimated signs of γ1 is consistent with theory prediction.

The empirical results based on PESEcon
t as measure of pessimistic index are reported

in Table 4 and 5. The predictive content of PESEcon
t is marginally weaker when we use

R
2
to compare the in-sample predictability, but its predictive power to annual growth

rate of industrial production and unemployment rate is close to the results of PESMarket
t

in terms of significance and magnitude.

3.2 Media Pessimistic Index and Macroeconomic Dynamics

We now use VAR to investigate the dynamic responses of key macroeconomic variables to

innovations in our media pessimistic measures, and compare the responses to innovations

in PESMarket
t and PESEcon

t . We use the recursive identification scheme to calculate the

impulse responses and variance decompositions, as is the case of the recursive identification

scheme, the empirical result could be sensitive to the ordering of the variables. Thus, we

follow Bloom (2009) to include the log of the S&P 500 stock market index, the pessimistic

index (PESMarket
t or PESEcon

t ), Federal funds rate (effective rate, Federal Reserve Board

of Governors), log of the average hourly earnings for production workers (manufacturing),

log of the consumer price index (all urban consumers, seasonally adjusted), average hours

in manufacturing (BLS, seasonally adjusted), log of the employment in manufacturing

(BLS, seasonally adjusted), log industrial production in manufacturing (Federal Reserve

Board of Governors, seasonally adjusted). Specifically, they are ordered as follows:
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, (2)

In (2), we order the stock market levels as the first variable in the VAR ensures the

impact of stock market levels is already controlled for when looking at the impact of the

pessimistic shocks. The lag period of VAR is chosen as 2.
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Figures 3 and 4 display the impulse response of the labor hours, employment and

industrial production index to a shock in PESMarket
t and PESEcon

t , respectively. We find

that in Figure 3, a shock to PESMarket
t has a negative and persistent impact on labor

hours, employment and industrial production, which implies the pessimistic shock origi-

nated from the financial market has an adverse effect on macroeconomy. And according to

Figure 4, a shock to PESEcon
t has similar patterns as Figure 3, but its impacts are smaller

in magnitude and exhibit a wider confidence interval, which suggests that the PESEcon
t

may have a weaker impact on macroeconomic variables, comparing with PESMarket
t .

Table 6 represents the forecast error variance decomposition result of a shock to

PESMarket
t on labor hours, employment and industrial production at horizons k = 3, 12, 24.

Moreover, we compare the result with the monetary policy shock, which is proxied by the

Federal funds rate. We find that at k = 12 and 24, the pessimistic shock to financial mar-

ket contribute to 6.2% and 9.95% to the variations in industrial production, which exceeds

the contribution of the monetary policy shocks. This suggests the dynamic correlation of

PESMarket
t with the real economic activity may be quantitatively as important as it is for

monetary policy shocks in the medium term. The result of PESEcon
t is reported in Table

7. In Table 7, we find the importance of the monetary policy shocks remains, however,

the fraction of the contributions of PESEcon
t is much weaker than PESMarket

t , which sug-

gests that the PESEcon
t has a weaker explanatory power to real economy comparing with

PESMarket
t .

In sum, from the in-sample forecasting regression and VAR analysis, we find the

PESMarket
t dominates PESEcon

t in explaining the fluctuations in real economic activities.

This result could be justified by the media pessimistic index about the economy could arise

because it simply reflects the endogenous response of the macroeconomic fluctuations.

4 Conclusion

In this report, we propose a näive method to use the textual analysis technique to con-

struct a pessimistic index. We find that an increase in pessimistic index lead to a sig-

nificant adverse effect on macroeconomic variables, such as labor hours, employment and

output. In the full version of the paper, we also consider several alternative identification
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method to identify the VAR, out-of-sample forecasting results of the predictive regres-

sion, and a comparison with the empirical performance between our pessimistic index

and Garcia (2013)’s pessimistic index.
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Table 1: Descriptive Statistics of Pessimistic Index

PESMarket
t PESEcon

t

Sample size 296 228

Mean 0.692 0.756

Std. 0.048 0.030

min 0.417 0.685

max 0.811 0.855

Table 2: In-sample Forecasting Result of PESMarket
t : Dependent Variable is Annual Growth

Rate of Industrial Production

In-Sample Results

k=1 k=3 k=6 k=12

γ1 -0.035* -0.074* -0.148* -0.245*

t-ratio (-2.705) (-2.667) (-2.926) (-2.812)

γ2 0.150* 0.399* 0.604* 0.803*

t-ratio (2.715) (2.966) (3.112) (3.270)

γ3 -0.949* -2.422* -3.823* -2.852*

t-ratio (-2.784) (-3.333) (-3.407) (-2.371)

γ4 0.012 0.116* 0.159* 0.182*

t-ratio (0.781) (2.783) (2.372) (3.091)

R
2

0.962 0.868 0.637 0.269

Note: Numbers in parentheses denotes the

Newey-West corrected t-statistics. * denotes the

significance at 10% or above.
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Table 3: In-sample Forecasting Result of PESMarket
t : Dependent Variable is Annual Growth

Rate of Unemployment Rate

In-Sample Results

k=1 k=3 k=6 k=12

γ1 0.079 0.182* 0.348* 0.691*

t-ratio (1.538) (1.783) (2.080) (2.121)

γ2 -0.608* -1.754* -3.198* -5.749*

t-ratio (-3.975) (-4.815) (-5.805) (-5.672)

γ3 2.997* 8.209* 10.877* 4.817

t-ratio (2.097) (-2.279) (2.396) (1.130)

γ4 -0.074* -0.282* -0.666* -0.859*

t-ratio (-0.839) (-1.528) (-2.184) (-3.036)

R
2

0.957 0.885 0.720 0.395

Note: Numbers in parentheses denotes the

Newey-West corrected t-statistics. * denotes the

significance at 10% or above.
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Table 4: In-sample Forecasting Result of PESEcon
t : Dependent Variable is Annual Growth Rate

of Industrial Production

In-Sample Results

k=1 k=3 k=6 k=12

γ1 -0.012 -0.024 -0.025 0.042

t-ratio (-0.674) (-0.735) (-0.468) (0.529)

γ2 0.145* 0.398* 0.638* 0.863*

t-ratio (3.478) (5.141) (4.899) (4.581)

γ3 -1.086* -2.697* -4.288* -3.651*

t-ratio (-5.707) (-7.627) (-7.187) (-4.195)

γ4 0.030* 0.145* 0.222* 0.309*

t-ratio (2.033) (5.256) (4.791) (4.637)

R
2

0.961 0.865 0.613 0.206

Note: Numbers in parentheses denotes the

Newey-West corrected t-statistics. * denotes the

significance at 10% or above.
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Table 5: In-sample Forecasting Result of PESEcon
t : Dependent Variable is Annual Growth Rate

of Unemployment Rate

In-Sample Results

k=1 k=3 k=6 k=12

γ1 0.120 0.315* 0.341 0.024

t-ratio (1.484) (1.970) (1.401) (0.071)

γ2 -0.610* -1.772* -3.296* -6.020*

t-ratio (-3.873) (-4.770) (-5.838) (-5.477)

γ3 3.218* 8.736* 11.989* 7.026

t-ratio (2.315) (2.468) (2.648) (1.546)

γ4 -0.096 -0.295* -0.763* -1.181*

t-ratio (-1.158) (-1.671) (-2.630) (-3.923)

R
2

0.958 0.886 0.714 0.368

Note: Note: Numbers in parentheses denotes

the Newey-West corrected t-statistics. * denotes

the significance at 10% or above.
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Table 6: Forecast Error Variance Decomposition: PESMarket
t

Fraction of variations in hours

Forecast Horizon PESMarket
t FFR

k = 3 1.910 3.152

k = 12 6.202 2.880

k = 24 5.583 2.312

Fraction of variations in employment

Forecast Horizon PESMarket
t FFR

k = 3 0.501 13.586

k = 12 5.838 11.969

k = 24 7.605 6.963

Fraction of variations in industrial production

Forecast Horizon PESMarket
t FFR

k = 3 1.291 7.541

k = 12 9.950 6.016

k = 24 11.713 3.266

Note: The entries denotes the percentages.
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Table 7: Forecast Error Variance Decomposition: PESEcon
t

Fraction of variations in hours

Forecast Horizon PESEcon
t FFR

k = 3 0.407 0.802

k = 12 1.543 1.026

k = 24 1.682 5.591

Fraction of variations in employment

Forecast Horizon PESEcon
t FFR

k = 3 0.461 11.190

k = 12 0.722 11.704

k = 24 0.392 13.532

Fraction of variations in industrial production

Forecast Horizon PESEcon
t FFR

k = 3 3.080 5.403

k = 12 3.161 2.388

k = 24 2.160 1.280

Note: The entries denotes the percentages.
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Figure 1: The pessimistic index of the market PESMarket
t . The shaded area denotes the NBER

recession dates.
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Figure 2: The pessimistic index of the real economy PESEcon
t . The shaded area denotes the

NBER recession dates.
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Figure 3: The impulse responses of hours, employment and output to a pessimistic shock: The

case of PESMarket
t
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Figure 4: The impulse responses of hours, employment and output to a pessimistic shock: The

case of PESEcon
t
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Abstract

In this paper, we use a small open economy model with nontradable goods and

time-varying interest rates to investigate the sources of fluctuations in Taiwan’s cur-

rent account. The correlation coefficient between the implied path of the current

account generated from our model and the actual current account data exceeds 0.9,

while tests of the cross-equation restrictions also support the model-implied present-

value relationship between the current account and other macroeconomic variables.

We find the consumption-smoothing channel, based on the discounted sum of the

expected future net output growth, is the main channel for current account adjust-

ment in Taiwan. In addition, the expected changes in the real effective exchange

rate also account for much of the variation in the current account.
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1 Introduction

Taiwan’s current account over the last two decades has exhibited significant fluctuations,

with the period between 1998 and 2015 characterized by large and persistently upward

trending current account surpluses. For this reason, the decline in the current account

surplus in 2015 was considered essential in explaining Taiwan’s economic slump in 2015,

especially as Taiwan is a small country relies primarily on export revenue to promote

economic progress.

To inform our understanding of these developments, there is an empirical literature

employing an intertemporal approach to current account dynamics. Early works, includ-

ing Sheffrin and Woo (1990), Otto (1992) and Ghosh (1995), employ simple intertemporal

small open economy models focusing on the consumption-smoothing behavior of represen-

tative domestic households. For instance, if future income is expected to rise, households

will attempt to smooth consumption by borrowing from the rest of the world before

income actually rises, thereby running a current account deficit.

Most of these studies then examine the model by adapting tests developed by Camp-

bell and Shiller (1987) to test the present-value relationship between the current account

and economic variables. However, the data for most countries serve to reject the present-

value current account model, as the model-implied current account series is too smooth

to track the actual data. For instance, Ghosh (1995) considers five industrialized coun-

tries, finding that while the present-value model works relatively well for the US, it works

poorly for smaller countries. Consequently, there have been some extensions proposed

to the intertemporal current account model to improve model fit. For example, Gru-

ber (2004) incorporates consumption habits in the model preferences, while Bergin and

Sheffrin (2000) augment the model with nonseparable utility between tradable and non-

tradable goods, together with a time-varying world real interest rate and real exchange

rate movements. Both of these studies found the model fit improved significantly. How-

ever, formal tests continue to reject the present-value model. 1

Although various small open economy present-value current account models have been

1The present-value model is uniformly rejected using Canadian and UK data, with Kano (2009)

shedding light on the findings in Gruber (2004) that habit formation plays a crucial role in explaining

current account fluctuations, using Canada and the UK as illustrations.
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proposed and duly tested, most employ data from relatively large economies, including

the G-7 countries and China. This might seem at odds with the small open economy

settings of the intertemporal current account model, and it is perhaps the reason for

the routine rejection of the present-value current account model in this strand of the

literature. Accordingly, in this paper, we model Taiwan’s current account by applying an

intertemporal approach to the present-value current account model and use this to assess

the relative contribution of different mechanisms in Taiwan’s external adjustment. We

do this in the belief that it is a useful exercise to reexamine the fit of the intertemporal

present-value model using a prototype emerging market, small open economy such as

Taiwan. Moreover, to the best of our knowledge, this is the first attempt to analyze

the sources of the external imbalances of Taiwan using an intertemporal approach to the

present-value current account model.

Nonetheless, there has already been some attempt made to investigate the statistical

fitness of the intertemporal model in explaining Taiwan’s current account. For instance,

Huang (1993) uses an intertemporal model a lá Sheffrin and Woo (1990) to examine Tai-

wan’s current account data from 1961 to 1990, and found the model is strictly rejected.

Elsewhere, Chyi and Chao (2001) employ an alternative intertemporal model incorpo-

rating the Taiwanese government’s optimization behavior and the budget deficit, and

conclude there is rather more evidence in favor of the model using data from 1963 to

1996. However, the sample periods in both these studies cover an era corresponding to

Taiwan’s strict control of capital mobility and the foreign exchange market, which largely

makes the assumption of perfect international capital mobility in the small open economy

models they employ invalid. In addition, none of these works investigates the channels

underlying external adjustment in Taiwan, and this is what we seek to do in this analysis.

We analyze the different roles these factors attribute to Taiwan’s current account

variation using a present-value current account model with nonseparable utility between

tradable and nontradable goods and time-varying world real interest rates a lá Bergin

and Sheffrin (2000) and Hoffmann (2013). We then follow Hoffmann (2013) and identify

four channels of external adjustment, comprising a net factor income payments chan-

nel, a global-tilting channel arising from expected future world real interest rates, an

internal-tilting channel deriving from expected changes in real exchange rates, and the
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consumption-smoothing channel attributable to expected net output growth.

We use quarterly data for Taiwan from 1989Q1 to 2015Q4 to implement our analysis.

The reason we chose this sample period is that the deregulation of the Taiwanese foreign

exchange market and capital controls only became effective after 1989. The empirical

results indicate that the correlation between the actual and model-implied current account

series exceeds 0.9, and the volatility of the model-implied current account series reasonably

matches the volatilities of actual current account data. In addition, a Wald test of the

model-implied cross-equation restrictions indicates that we cannot reject the model at

any conventional significance level.

We then apply variance decomposition analysis to the present-value model proposed

by Hoffmann (2013) to investigate the channels for external adjustment in Taiwan. Our

empirical evidence suggests that the consumption-smoothing channel corresponding to

net output growth overwhelmingly dominates the other three channels in explaining the

current account. In addition, we find the current account surplus in Taiwan predicts

future declines in net output growth relative to its long-run trend, which is attributed to

a lower expected future economic growth rate and excessively rising investment rate.

We also find the internal-tilting channel, given expected changes in the future real

effective exchange rate, explains nearly 40 percent of current account variation. This

echoes the findings that official intervention in the foreign exchange market in Taiwan

is significant, as documented in the literature (Chen, 2016; Chen and Wu, 2010a,b). As

active official interventions are associated with aggressive accumulation of official reserves,

this causes the private local sector to hold international assets indirectly by channeling

their savings through low-yielding sterilization bonds, especially in the context of only

limited capital account liberalization (Caballero et al., 2008), and this in turn amplifies

the effect of the internal-tilting channel.

Overall, our findings suggest a close link between Taiwan’s external imbalances and

domestic economic performance, as proxied by changes in expected net output. This

pattern well supports the export-led growth economic pattern of Taiwan found over the

years. However, it also suggests that the economic structure of Taiwan is excessively

concentrated in the trade sector. As shown in Haddad and Pancaro (2010), while this

may benefit a developing country using an exchange rate undervaluation policy to promote
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economic growth, it can serve as a barrier to economic diversification and significant

adverse consequences in the long run. 2

The remainder of the paper is organized as follows. Section 2 outlines the theoretical

model and Section 3 presents the econometric framework used to evaluate the model.

Section 4 describes the data and Section 5 discusses the empirical results. Section 6

provides the robustness checks. Section 7 presents the empirical results of an extended

model. Finally, Section 8 concludes.

2 The Intertemporal Current Account Model

Our benchmark intertemporal current account model is based on Bergin and Sheffrin

(2000) and Hoffmann (2013). The objective of the representative households is to maxi-

mize the expected present-value of discounted lifetime CRRA utility (1):

∞∑

k=0

βkEt[
(Cα

Tt+kC
1−α
Nt+k)

1−γ

1− γ
], (1)

The preferences of representative households in the home country are defined over a

composite consumption, consisting of tradable CTt and nontradable CNt goods. Et is the

conditional expectations operator, and β is a discount factor taking a value between zero

and one. Finally, γ denotes the inverse of the elasticity of intertemporal substitution.

The budget constraint of the representative household (expressed in tradable goods)

is as follows:

Ft = (1 + rTt )Ft−1 + Yt − It −Gt − Ct, (2)

where Ft is the stock of foreign assets and Yt, It, Gt and Ct denote the value of real output,

investment, government consumption, and private consumption at period t, respectively.

The term rTt denotes the world interest rate (expressed in terms of tradable goods) that the

country obtains on its holdings of foreign assets, Ft. Specifically, the value of consumption

in terms of tradable goods with

Ct = CTt + PtCNt,

2Chen (2017) uses a panel data set comprising 49 developed and developing countries over the period

1996 to 2011 and finds undervaluing the exchange rate retards research and development (R&D) activity,

particularly in developed countries.
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where Pt is the relative price of the nontradable goods.

The optimization problem of the representative household is to maximize equation (1)

subject to (2). By defining the price index of aggregate consumption by introducing a

price index P ∗

t such that P ∗

t (C
α
TtC

1−α
Nt ) = CTt + PtCNt = Ct for all t, and replacing Ct

with P ∗

t (C
α
TtC

1−α
Nt ) in the budget constraint, the first-order necessary condition and the

transversality condition of this optimization problem can be expressed as follows:

Et[β(
Ct

Ct+1
)γ(

P ∗

t

P ∗

t+1

)1−γ(1 + rTt+1)] = 1, (3)

lim
t→∞

EtRt+kFt+k = 0, (4)

where Rt+k is the ex post market discount factor at period t for period t+k consumption,

which is defined as

Rt+k ≡

⎧
⎨

⎩
1/[Πt+k

k=1(1 + rTt+k)] if k ≥ 1,

1 if k = 0.

Let NOt ≡ Yt − It − Gt denotes net output, i.e. the national cash flow available for

consumption, and taking the infinite future sum of the household’s budget constraint

(2), and using the transversality condition (4) yield the ex ante intertemporal budget

constraint of the representative household:
∞∑

k=0

EtRt+kCt+k = (1 + rTt )Ft−1 +
∞∑

k=0

EtRt+kNOt+k. (5)

In equation (3), the aggregate price index for consumption is an expenditure-weighted

CES aggregate of the tradable and nontradable goods prices so that P ∗

t+1/P
∗

t = (Pt+1/Pt)1−α.

Hence, (3) links aggregate consumption expenditure growth to the world real interest rate

and the changes in real exchange rate (defined as the change in the relative price of non-

tradable goods) as follows:

Et[β(
Ct

Ct+1
)γ(

Pt

Pt+1
)(1−γ)(1−α)(1 + rTt+1)] = 1. (6)

To derive the present-value model of the current account measure, we use the current

account identity:

CAt ≡ ∆Ft = rTt Ft−1 +NOt − Ct, (7)

together with (5) and (6). The approximation begins by dividing the intertemporal budget

constraint (5) by NOt:

Ct

NOt
{(1 +

∞∑

k=1

Etexp[
k∑

j=1

(∆ lnCt+j − ln(1 + rTt+j)]}
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= exp [ln(1 + rTt )−∆ lnNOt]
Ft−1

NOt−1
+ {1 +

∞∑

k=1

Et exp
k∑

j=1

[∆ lnNOt+j − ln(1 + rTt+j)]}.

Let c, f , ωc, ω, and µ denote the unconditional means of the consumption–net output

ratio, Ct/NOt; the net foreign asset–net output ratio, Ft/NOt; the first difference of the

log of consumption, ∆ lnCt; the first difference of the log of net output, ∆ lnNOt; and

the log of the gross world real interest rate ln(1 + rTt ). For any variable Xt, let X̃t denote

the deviation from its unconditional mean. In this way, we then linearly approximate the

intertemporal budget constraint by taking a first-order Taylor expansion around these

unconditional means:

C̃t

NOt
≈

1− θ

ξ

F̃t−1

NOt−1
+

1− θ

ξ
f r̃Tt −

1− θ

ξ
f∆ ln ÑOt

− c
∞∑

k=1

θkEt[∆ ln C̃t+k − r̃Tt+k] +
1− θ

1− ξ

∞∑

k=1

ξkEt[∆ ln ÑOt+k − r̃Tt+k], (8)

where θ = exp (ωc − µ) < 1 and ξ = exp (ω − µ) < 1.3

Further, we log-linearize the Euler equation (6) as

Et∆ ln C̃t+1 =
1

γ
Etr̃

T
t+1 + (1−

1

γ
)(1− α)Et∆ ln P̃t+1,

and substitute it into the linear-approximated intertemporal budget constraint (8). By

assuming that the economy is around the balanced growth path (ω = ωc, i.e., θ = ξ) and

ln(1 + rTt ) ≈ rTt , yields the approximate consumption–net output ratio equation as

C̃t

NOt
≈

1− ξ

ξ

F̃t−1

NOt−1
+

1− ξ

ξ
f r̃Tt − (

1− ξ

ξ
)fÑOt

− [1− c(1−
1

γ
)]

∞∑

k=1

ξkEtr̃
T
t+k − c

∞∑

k=1

ξk(1− α)(1−
1

γ
)Et∆ ln P̃t+k +

∞∑

k=1

ξkEt∆ ln ÑOt+k

(9)

Finally, we obtain the approximated present-value model of the current account by

dividing equation (7) by NOt:

CAt

NOt
≡ 1 +

exp [ln(1 + rTt )]− 1

exp (∆ lnNOt)

Ft−1

NOt−1
−

Ct

NOt
. (10)

3The conditions θ < 1 and ξ < 1 imply the respective means of the consumption and net output growth

rates are lower than the mean world real interest rate. These are required to satisfy the boundedness of

the expected present-value terms of (8). For more details, see Kano (2008).
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Again, the linear-approximated (10) is given by:

C̃At

NOt
≈ [

1

ξ
−

1

exp (ω)
]
F̃t−1

NOt−1
+

f

ξ
r̃Tt − [

1

ξ
−

1

exp (ω)
]f∆ ln ÑOt −

C̃t

NOt
. (11)

Using (9) to replace
!Ct

NOt
in (11), we have

C̃At

NOt
= [1−

1

exp (ω)
]
F̃t−1

NOt−1
+ f r̃Tt − [1−

1

exp (ω)
]f∆ ln ÑOt

+ [1− c(1−
1

γ
)]

∞∑

k=1

ξkEtr̃
T
t+k + c

∞∑

k=1

ξk(1− α)(1−
1

γ
)Et∆ ln P̃t+k −

∞∑

k=1

ξkEt∆ ln ÑOt+k.

(12)

Because the value of ω is very small, we thus follow Kano (2008) to set 1 − 1
exp (ω) ≈ 0.

Finally, we have

C̃At

NOt
= f r̃Tt +[1−c(1−

1

γ
)]

∞∑

k=1

ξkEtr̃
T
t+k+c(1−

1

γ
)

∞∑

k=1

ξkEt∆ ln Q̃t+k−
∞∑

k=1

ξkEt∆ ln ÑOt+k,

(13)

where Qt = P 1−α
t is defined as the real exchange rate a lá Hoffmann (2013).

Equation (13) suggests four channels of current account adjustment. The first channel

is the impact of interest rate variation on net factor income flows. The second term is

defined as the “global-tilting channel” due to expected variation in the world real interest

rate: if interest rates are temporarily high, so that the sum of future interest rates is

positive, consumers will want to save more (given c(1− 1
γ ) < 1). Clearly, this global-tilting

effect becomes stronger as the intertemporal elasticity of substitution 1/γ increases.

The third term is the effect on the intertemporal substitution of expected real exchange

rate changes. If the price of the domestic consumption bundle relative to tradable goods

is expected to rise in the future, there is an incentive to save more. We refer to this

as the “internal-tilting channel” as it is driven by relative variation in expected prices

of nontradable goods (which are produced domestically) to tradable goods (which are

produced both globally and domestically). Finally, the fourth term reflects the standard

consumption-smoothing channel: if output is below (above) its long-run trend, such that

the sum of its expected changes in net output is positive (negative), the country should

run a current account deficit (surplus), and vice versa.
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3 Empirical Evaluation of the Model

To assess the model empirically, we use a vector autoregression (VAR) to proxy the

expectation terms on the right-hand side of (13):

Xt =
p∑

l=1

AlXt−l + νt, (14)

where the vector of endogenous variables Xt = [∆ ln ÑOt,∆ ln Q̃t, r̃Tt ,
!CAt/NOt]′, and

∆ ln ÑOt, ∆ ln q̃t, r̃Tt , and
!CAt/NOt are demeaned net output growth, changes in the real

exchange rate, world interest rate, and current account to net output ratio. Al, l = 1 · · ·p

are 4 × 4 coefficient matrices of the p-th order VAR and νt is the vector of disturbances

in reduced-form VAR. For the sake of convenience, we stack Xt, Xt−1, · · ·Xt−p+1 as Zt =

[Xt, Xt−1, · · · , Xt−p+1]′, and rewrite equation (14) as VAR(1) so that:

Zt = AZt−1 + Ut, (15)

where A is a 4p×4p companion matrix and Ut = [νt, 0, · · · , 0]′ denotes the stacked vector

of disturbances. Using equations (13) and (15), we obtain the predicted current account

to net output ratio ĈAt

NOt
as follows:

ĈAt

NOt
= fe′rZt + [(1− c(1−

1

γ
))e′r + c(1−

1

γ
)e′∆q − e′∆no]ξA[I − ξA]−1Zt, (16)

where er, e∆q, and e∆no are the selection vectors associated with the position of Xt in the

vector Zt.

We calibrate f , ξ and c directly from the data and estimate γ by minimizing the mean

squared deviations between C̃At

NOt
and ĈAt

NOt
, which is defined as:

1

T

T∑

t=1

[
C̃At

NOt
−

ĈAt

NOt
]2.

The range of 1/γ is restricted within the positive unit interval, which is the range that is

typically considered as plausible in the macroeconomics literature.

Once the parameters A, f , ξ, c, and γ have been estimated, we can compare the

model-implied current account to net output ratio with the actual current account to net

output ratio by calculating the correlation coefficient, corr( "CAt/NOt, !CAt/NOt), and the
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relative volatility, σ( "CAt/NOt)/σ( !CAt/NOt). Moreover, we can implement the formal

Wald test by rewriting the implied restrictions of equation (16) as:

e′ca = fe′r + [(1− c(1−
1

γ
))e′r + c(1−

1

γ
)e′∆q − e′∆no]ξA[I − ξA]−1,

and denoting the right-hand side of this restriction by Φ(A), obtaining the Wald statistic

[e′ca − Φ(A)][∂Φ(A)
∂A Var(A)∂Φ(A)′

∂A ]−1[e′ca − Φ(A)]′, which is asymptotically distributed as a

χ2 with 4× p degrees of freedom.

Based on the representation (16) and expression of the variation that is unexplained by

the model as res = !CAt/NOt − "CAt/NOt, we can decompose the variance of the current

account by taking the variance on both sides of the representation (16) and dividing by

Var( !CAt/NOt), which yields:

1 = βf + βr + β∆q + β∆no + βres, (17)

where

βf =
Cov(fe′rZt, !CAt/NOt)

Var( !CAt/NOt)
,

βr =
Cov[(1− c(1− 1

γ ))e
′

rξA[I − ξA]−1Zt, !CAt/NOt]

Var( !CAt/NOt)
,

β∆q =
Cov[c(1− 1

γ )e
′

∆qξA[I − ξA]−1Zt, !CAt/NOt]

Var( !CAt/NOt)
,

β∆no =
Cov(−e′∆noξA[I − ξA]−1Zt, !CAt/NOt)

Var( !CAt/NOt)
,

βres =
Cov(res, !CAt/NOt)

Var( !CAt/NOt)
.

Here, βf is the contribution of current net factor income to the variance of the current

account, βr is the contribution of expected variation in the world real interest rate (the

global-tilting channel), β∆q is the contribution of expected changes in the real exchange

rate (the internal-tilting channel), and β∆no is the contribution of expected net output vari-

ation (consumption smoothing channel). Finally, the coefficient βres is the proportion of

the variance of the current account that remains unexplained by the model. The estimates

of βi, i = f, r,∆q,∆no, can be obtained by regressing fe′rZt, [1−c(1− 1
γ )]e

′

rξA[I−ξA]
−1Zt,

c(1 − 1
γ )e

′

∆qξA[I − ξA]−1Zt and −e′∆noξA[I − ξA]−1Zt on a constant and !CAt/NOt, re-

spectively.
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4 Data and Calibrated Parameters

The data used in this paper are from the sample period 1989Q2–2015Q4. We chose

1989Q2 as the beginning date as this corresponds to the abandonment of the official

policy governing the trading range of the New Taiwan Dollar (NTD) to the US dollar

(USD) exchange rate, and this deregulation indeed makes the foreign exchange rate for

NTD better reflect information in the foreign exchange market.

We use two measures of Taiwan’s current account series. First, we follow Bergin and

Sheffrin (2000) and Kano (2008) to construct a current account series CAt by subtract-

ing gross fixed capital formation, the change in capital stocks, government consumption

expenditure, and private consumption expenditure from gross national product as the

benchmark current account data. These data are seasonally adjusted and obtained from

the Directorate-General of Budget, Accounting, and Statistics (DGBAS) of Taiwan. In

addition, we use the current account data officially published by the Central Bank of the

Republic of China (Taiwan). Because the unit of measure in the net current account

series officially published by the central bank is in USD, we use the nominal NTD/USD

exchange rate to adjust its valuation for the purpose of comparison.

We also follow the approach proposed by Wang (2005) to construct the stock of net

foreign assets Ft, which exclude valuation changes resulting from fluctuations in exchange

rates.4 The net output series NOt is constructed by subtracting gross fixed capital forma-

tion, the change in capital stocks, and government consumption expenditure from gross

domestic product (GDP). All nominal series are converted to real series using the GDP

deflators and into per capita terms using the population data. As for the real world in-

terest rate rTt , we follow Hoffmann (2013) and use the three-month US Treasury bill rate

minus consumer price index (CPI) inflation. Finally, we use the real effective exchange

rate series published by the Bank of International Settlements (BIS) to proxy the relative

prices of nontradable and tradable goods.

We then divide CAt by NOt to obtain the series of the current account–net output

ratio, CAt/NOt, and follow Kano (2008) to demean ∆ lnNOt, ∆ lnQt, rTt , and CAt/NOt

4We follow Wang (2005) and specify the stock of net foreign assets at the end of 1986 (denoted as F0)

as the initial value, and use the annual data of “Contributing to Increase or Decrease in Reserve Money -

Foreign Assets” (denoted as ∆Ft) to construct the stock of net foreign assets, i.e., Ft = F0 +
∑t

s=1
∆Fs.

11



to obtain the ∆ ln ÑOt, ∆ ln Q̃t, r̃Tt , and
!CAt/NOt used in VAR. Finally, we calculate the

long-run means of the net foreign asset holdings to net output ratio, the consumption to

net output ratio, and the gross real world interest rate to calibrate the values of f , c, and

γ.5

To check whether ∆ ln ÑOt, ∆ ln Q̃t, r̃Tt , and
"CAt

NOt
are stationary, we perform Phillips–

Perron (PP) unit root tests on each of the time series we employ. The results are presented

in Table 1. Clearly, we reject the null hypothesis of a unit root process for all series.

5 Variance Decomposition Results

We use the Schwarz Bayesian information criterion (SIC) to select the lag length p of

VAR in (14). For both measures of the current account, SIC suggests p = 1 is the optimal

lag length. The first panel of Table 2 presents the values of the calibrated parameters of

the model. The values of f , c, and ξ are equal to 0.839, 0.894, and 0.984, respectively.

In addition, the estimated intertemporal substitution elasticity 1/γ is very close to zero,

which is consistent with the previous findings using Taiwanese data: e.g., Chen and Hu

(2000), that the estimated elasticity of intertemporal substitution of Taiwan is small and

insignificant.

The second panel of Table 2 presents the results for the goodness fit of the model,

including the correlations between the model-implied current account–net output ratio

and the actual current account–net output ratio and the relative volatilities of the model-

implied current account–net output ratio to the actual current account–net output ratio,

together with the Wald test statistic of the model-implied cross-equation restrictions of

the VAR parameters, and the variance decomposition described in Section 3. We find

corr( "CAt/NOt, !CAt/NOt) are quite high for the two different current account measures

(0.984 and 0.824), and σ( "CAt/NOt)/σ( !CAt/NOt) is very close to one when using the

benchmark current account data. This indicates the model-implied current account–net

output ratio indeed matches the data in terms of the relative volatilities. As for the official

data, this value is a bit lower, but still accounts for some 60 percent of the variation in

the actual current account.
5Because quarterly data for net foreign asset holdings is unavailable, we compute the value of f

obtained by dividing the annual average value of Ft by the annual average value of NOt.
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Figure 1 visually confirms this result in that the actual and model-implied current

account–net output ratio appear to behave very similarly throughout the whole sample

period, especially for the benchmark current account data. In addition, we cannot reject

the cross-equation restrictions on VAR parameters using the Wald test for both cases.

Overall, this demonstrates our model fits the data reasonably well. Turning to the vari-

ance decomposition analysis, we report the estimates of βi, i = f, r,∆q,∆no and its

associated Newey–West corrected t-ratios in parentheses.6 As for the benchmark current

account data, the consumption-smoothing channel (the variation in expected net output

growth) strongly dominate the variability of !CAt/NOt, and the internal-tilting channel

(corresponding to variation in the expected changes in the real effective exchange rate)

explains around 40 percent of current account–net output variation. Net factor income

negatively correlates with the current account and explains the smallest share of variation

of the four channels.

Finally, the global-tilting channel (corresponding to the expected variation in world

interest rates) is significantly negatively correlated with !CAt/NOt, and this is consistent

with the findings in Nason and Rogers (2006) and Kano (2009) that world real interest

rate shocks are an essential source of current account fluctuations. The result is unaltered

when using the official current account data, despite the magnitude of βr, β∆q and β∆no

becoming a little smaller. Figure 2 depicts the estimated individual channel of the current

account adjustment in equation (13) together with the benchmark actual current account–

net output ratio. Apparently, the consumption-smoothing channel, which is the negative

discounted sum of expected future net output growth−
∑

∞

k=0 ξ
kEtÑOt+k, is the key factor

to explain the dynamic patterns of the current account–net output ratio.

The estimated signs of βf , βr and β∆no may seem inconsistent with the interpretations

of equation (13) in Section 2. We follow Hoffmann (2013) to explain this below. First, the

signs of βf and βr are negative, which is somewhat in contrast with equation (13) given

1− c(1− 1
γ ) is positive. This is because in our sample period, a declining global interest

rate is apparent yet the persistently high savings rate in Taiwan remains. Thus, there

is negative correlation between the world interest rate and current account surpluses in

Taiwan. While the signs of β∆no appear to be positive, this can be justified by the fact

6For the Newey–West estimation, a Bartlett kernel with a bandwidth of 4× (T/100)2/9 was used.
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that our definition of net output NOt is output less investment and government spending.

However, the growth rate of investment in Taiwan is higher than the output growth rate

in our sample period, and this will cause the growth rate of net output to deviate from

its long-run mean ∆ ln ÑOt, such that it turns out temporarily negative, and leads to a

current account surplus.

Given the variance decomposition result implies the consumption-smoothing channel

(expected future net output growth) is essential in driving the current account–net output

ratio, we would expect that the correlation between the actual net output growth at

a longer horizon and the predicted long-run net output growth,
∑

∞

k=1 ξ
kEt∆ ln ÑOt+k,

obtained from the VAR in this paper, should be considerably high. Figure 3 plots the

predicted long-run net output growth together with demeaned net output growth rates

at 4- and 8-year horizons. The predicted long-run net output growth generated from

the VAR exhibits a downward trend after the global financial crisis in 2008, and the

actual net output growth at 4- and 8-year horizons also delivers this similar pattern. In

addition, we find the correlation between predicted and actual net output growth indeed

increases with the horizon, e.g., from 0.365 at the 4-year horizon to 0.663 at the 8-year

horizon. In sum, this confirms the long-run VAR predictions of net output growth contain

significant information about the actual long-term net output growth and its direction,

and resembles the fact that current account surpluses in Taiwan can be attributed to the

decline in expected net output.

6 Robustness Checks

6.1 An Alternative Measure of the Real Effective Exchange

Rate

As a robustness check, we use the real effective exchange rate index constructed by the

Taipei Foreign Exchange Market Development Foundation as an alternative measure of

the real effective exchange rate, which proxies the relative price of nontradable goods

to tradable goods in this analysis. The data are from the Taiwan Economic Journal

database. The start of this monthly index is January 1998 and we use the quarterly

average to construct an alternative proxy of the real effective exchange rate. Figure 4
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plots this time series together with the BIS real effective exchange rate.

Because the new sample period begins in 1998Q1, we need to recalculate the value of f ,

c, ξ, and γ. Moreover, as documented in (Chen, 2016; Chen and Wu, 2010a,b), the official

intervention in the foreign exchange market in Taiwan became more significant after

1998. This should violate the assumptions of a small open economy model concerning the

exogeneity of the exchange rate, and generate bias in our inferences based on the cross-

equation restrictions implied by the present value model of the current account. Thus, we

account for the endogeneity of the real effective exchange rate by specifying a one-period

lag of the changes in the real effective exchange rate as a valid instrument to estimate the

coefficients in (17) and conduct the variance decomposition analysis.7 The top panel of

Table 3 reports the new values and it is clear that the results do not change much when

compared with the results in Table 2. In the remainder of Table 3, we report the results

of the variance decomposition, the metrics for model fit, and the Wald test results.8

The metrics of model fit indicate the model-implied current account–net output ratio

remains highly correlated with the actual series, and the consumption-smoothing channel

continues to dominate the other channels in explaining the variations in the Taiwanese

current account. Further, the estimates of β∆q are now 0.386 and 0.319 using the two

different measures of the current account. The magnitude of β∆q is very close to that

reported in Table 2. This indicates that using the 1998Q1–2015Q4 subsample, the increase

in the relative price of nontradable goods and services induces households to save. As the

active official interventions after 1998 are associated with the excessive accumulation of

reserves, this in turn causes the private local sector to hold international assets indirectly

by channeling their savings through low-yielding sterilization bonds in a context with only

limited capital account liberalization (Caballero et al., 2008).

6.2 An Alternative Measure of the World Real Interest Rate

We also follow Bergin and Sheffrin (2000) and Kano (2008) to construct an alternative

proxy of the world real interest rate based on G-7 data. We collect the three-month

government bond rates of the G-7 economies from the International Financial Statistics

7We thank an anonymous referee for pointing out this.
8We also use the benchmark BIS real effective exchange rate to implement the subsample analysis.

Nonetheless, the results of the Wald test reject the model.
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published by the International Monetary Fund as nominal interest rates. We then compute

the expected inflation rate by using an AR(8) model of the CPI inflation rate, and subtract

the expected inflation rate from the nominal interest rate to obtain the ex ante real interest

rate. Finally, we take the weighted average of the ex ante real interest rates across the

G-7 countries to obtain the world real interest rate, where the weights for each country

are based on its share of real GDP among the G-7 countries. All data are seasonally

adjusted. Figure 5 illustrates the world real interest rate constructed based on G-7 data

against the benchmark world real interest rate. It is obvious that both rates exhibit a

downward trend over the sample period, which adequately captures the declining trend

in global interest rates with a loosening monetary policy environment.

According to Table 4, the model fits the data reasonably well, and the result of the

variance decomposition is qualitatively similar to the benchmark result in Table 2. How-

ever, as the result of the Wald test indicates the model is rejected at the 95% significance

level (but not the 99% level), this result may seem at odds with the goodness-of-fit results

we report in Table 4. A possible explanation is that a recent study, Bouakez and Kano

(2009), found that the nonlinear Wald test is biased towards over-rejecting the cross-

equation restrictions implied by the present-value model as per equation (13), especially

with small samples.

6.3 Model with Financial Frictions

As discussed in Section 6.1, the active official interventions of the central bank in Taiwan

may cause the private firms and households to face a considerable degree of financial

constraint. In this Section, we follow Cudré and Hoffmann (2017) and Gourinchas and

Jeanne (2013) to model the financial frictions by introducing a wedge between domestic

and world real interest rates, that is, the household faces the de facto real interest rate:

rTt = (1− δ)(it − Etπt+1) + δ(iWorld
t +∆st+1 − Etπt+1), (18)

where it and iWorld
t are the domestic and world nominal interest rates, respectively. ∆st+1

denotes the changes in the log of the nominal exchange rate, and Etπt+1 is expected

inflation. δ is a parameter that measures the degree of financial liberalization of Taiwan,
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and 0 < δ < 1. To see this, we can rewrite equation (18) as follows:

rTt = rt + δτt, (19)

where rt = it − Etπt+1 is the real interest rate in the home country, which captures the

saving motives of the domestic households. Furthermore, τt = iWorld
t +∆st+1 − it denotes

the excess return on holding foreign assets. If δ = 1, domestic households can freely enter

the international capital market; otherwise, if δ = 0, domestic households are forced to

invest in domestic assets.

Substituting equation (19) into equation (13), we obtain:

C̃At

NOt
= f r̃t + [1− c(1−

1

γ
)]

∞∑

k=1

ξkEtr̃t+k + [1− c(1−
1

γ
)]

∞∑

k=1

ξkEtτ̃t+k

+c(1−
1

γ
)

∞∑

k=1

ξkEt∆ ln Q̃t+k −
∞∑

k=1

ξkEt∆ ln ÑOt+k. (20)

In equation (20), the term [1−c(1− 1
γ )]

∑
∞

k=1 ξ
kEtr̃t+k on the right-hand side captures the

impact of the expected future sum of the domestic interest rate on the current account

to net output ratio. Furthermore, [1 − c(1− 1
γ )]

∑
∞

k=1 ξ
kEtτ̃t+k reflects the impact of the

excess return on the foreign asset on the current account to net output ratio. These two

terms are analogous to the global-tilting channel in the benchmark model, which captures

the intertemporal substitution effect of the real interest rate, that is, if the de facto real

interest rate is temporarily high because of the domestic interest rate or the excess return

on foreign assets, households will save more, leading to a current account surplus.

To gauge the contribution of the excess return on foreign assets on the current account

to net output ratio, we first replace Xt in equation (14) with

Xt = [∆ ln ÑOt,∆ ln Q̃t, r̃t, !CAt/NOt, τ̃t]′, where τ̃t is the demeaned excess return, and

rewrite it as a companion-form VAR to proxy the expectation terms on the right-hand

side (20). The modified "CAt/NOt can be expressed as:

ĈAt

NOt
= fe′rZt+[(1−c(1−

1

γ
))e′r+δ(1−c(1−

1

γ
))e′τ+c(1−

1

γ
)e′∆q−e′∆no]ξA[I−ξA]

−1Zt. (21)

The implied restrictions on the right-hand side of (21) can be expressed as:

Φ(A) ≡ fe′r + [(1− c(1−
1

γ
))e′r + δ(1− c(1−

1

γ
))e′τ + c(1−

1

γ
)e′∆q − e′∆no]ξA[I − ξA]−1.
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The present value relationship implied by (20) (conditional on f , ξ c, γ and δ are esti-

mated) can then be tested using the Wald statistic [e′ca−Φ(A)][∂Φ(A)
∂A Var(A)∂Φ(A)′

∂A ]−1[e′ca−

Φ(A)]′, which asymptotically follows χ2 with 5× p degrees of freedom.

Following the methodology described in Section 3, the theory-based variance decom-

position can be shown as:

1 = βf + βr + βτ + β∆q + β∆no + βres, (22)

where

βf =
Cov(fe′rZt, !CAt/NOt)

Var( !CAt/NOt)
,

βr =
Cov[(1− c(1− 1

γ ))e
′

rξA[I − ξA]−1Zt, !CAt/NOt]

Var( !CAt/NOt)
,

βτ =
Cov[δ(1− c(1− 1

γ ))e
′

τξA[I − ξA]−1Zt, !CAt/NOt]

Var( !CAt/NOt)
,

β∆q =
Cov[c(1− 1

γ )e
′

∆qξA[I − ξA]−1Zt, !CAt/NOt]

Var( !CAt/NOt)
,

β∆no =
Cov(−e′∆noξA[I − ξA]−1Zt, !CAt/NOt)

Var( !CAt/NOt)
,

βres =
Cov(res, !CAt/NOt)

Var( !CAt/NOt)
.

Comparing it with (17), βr and βτ in (22) capture the contribution of the expected future

domestic real interest rate and the excess return of foreign assets in explaining the current

account to net output variations, respectively.

We use the commercial paper rates of Taiwan minus ex post expected inflation to

construct rt, and the Treasury bill rate and changes in the NTD/USD exchange rate

to construct τt, and again we estimate γ and δ by minimizing the mean squared devi-

ations between C̃At

NOt
and ĈAt

NOt
. Table 5 presents the empirical results. The estimates of

corr( "CAt/NOt, !CAt/NOt) and σ( "CAt/NOt)/σ( !CAt/NOt) are very close to the ones re-

ported in Table 2, and the cross-equation restrictions implied by the model cannot be

rejected by the data; this indicates that the model with financial frictions also fits the

data well. Figure 6 illustrates this result. Obviously, the co-movement of the model-

implied current account to net output ratio and the actual current account to net output
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ratio is strong, and "CAt/NOt delivers a similar pattern to the one in Figure 13, which is

calculated based on the benchmark model. The variance decomposition results indicate

that the consumption-smoothing channel still dominates other adjustment channels in

explaining the current account variations. The magnitude of β∆q decreases marginally,

with estimates of 0.231 and 0.200 using the two different measures of the current account.

The contribution of the intertemporal substitution effect arises because the domestic real

interest rate is negative and significant, and its magnitude is smaller than the impact

arising from the global-tilting channel reported in Table 2. Finally, the estimates of βτ

equal 0.158 and 0.069 for the two different current account measures, which suggests

that the impact of the intertemporal substitution effect arises from the excess return on

international assets, is not negligible, and offsets the impact arising from the domestic

real interest rate. Overall, the empirical results of the model with financial frictions are

qualitatively similar to the results we obtained from the benchmark model.

6.4 Bilateral Flows with Mainland China, and Flows with the

Rest of the World

It is of interest to decompose the net exports of Taiwan into two components: bilateral

flows with mainland China and flows with the rest of the world. As mainland China is an

important trade partner of Taiwan, one may expect the net exports of Taiwan to China

to be driven by different factors than the net exports of Taiwan to the rest of the world.

For this reason, we modify equation (20) in Section 6.3 to evaluate the relative im-

portance of each adjustment channel in explaining the net exports of Taiwan. Following

Cudré and Hoffmann (2017), we proxy the net exports to net output ratio (expressed as

the deviation from its unconditional mean)
"NXt

NOt
by using

"NXt

NOt
=

"CAt

NOt
− f r̃Tt , and rewrite

(20) as:

ÑX t

NOt
= [1− c(1−

1

γ
)]

∞∑

k=1

ξkEtr̃t+k + δ[1− c(1−
1

γ
)]

∞∑

k=1

ξkEtτ̃t+k

+c(1−
1

γ
)

∞∑

k=1

ξkEt∆ ln Q̃t+k −
∞∑

k=1

ξkEt∆ ln ÑOt+k. (23)

Equation (23) shows that the approximated net exports to net output ratio is explained

by external adjustment channels as in (20), except the net income flows channel f r̃t.
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The empirical exercise begins by specifying the vector of the endogenous variables in

(14) as Xt = [∆ ln ÑOt,∆ ln Q̃t, r̃t, !NXt/NOt, τ̃t]′. Following the procedures described in

Sections 3 and 6.3, we can decompose the variance of the net exports to net output ratio

into several factors:

1 = βr + βτ + β∆q + β∆no + βres, (24)

where

βr =
Cov[(1− c(1− 1

γ ))e
′

rξA[I − ξA]−1Zt, !NXt/NOt]

Var( !NXt/NOt)
,

βτ =
Cov[δ(1− c(1− 1

γ ))e
′

τξA[I − ξA]−1Zt, !NXt/NOt]

Var( !NXt/NOt)
,

β∆q =
Cov[c(1− 1

γ )e
′

∆qξA[I − ξA]−1Zt, !NXt/NOt]

Var( !NXt/NOt)
,

β∆no =
Cov(−e′∆noξA[I − ξA]−1Zt, !NXt/NOt)

Var( !NXt/NOt)
,

βres =
Cov(res, !NXt/NOt)

Var( !NXt/NOt)
.

Net exports are computed as the value of exports minus the value of imports. The

value of exports and imports data for Taiwan start from 2001Q1 in the External Trade

Statistics published by the Ministry of Finance, R.O.C. (Taiwan). We subtract the value

of exports and the value of imports to mainland China from the total value of exports

and imports to obtain the value of exports and imports of Taiwan to the rest of the world

and convert this to a real series using the GDP deflators and into per capita terms using

the population data. Finally, we divide net exports NXt by net output NOt to obtain the

net exports to net output ratio, NXt/NOt. Other data are the same as those in Section

6.3.

The empirical results for net exports to China and the rest of the world are reported in

Table 6. It is worth noting that corr( "NXt/NOt, !NXt/NOt) equals 0.945 when we evaluate

the bilateral flows with China, which implies that the model proposed by Cudré and

Hoffmann (2017) characterizes the trend in net exports to mainland China reasonably well.

However, the volatility ratio indicates that the model exhibits excessive volatility because

σ( "NXt/NOt)/σ( !NXt/NOt) equals 3.109, and the cross-equation restrictions implied by
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the model are strictly rejected by the Wald test. Figure 7 plots the standardized net

exports to mainland China implied by the model against the data. As for net exports to

the rest of the world, the metrics of the goodness of fit suggest that the model has a poor

fit with the data because the correlation between the model-implied net exports to net

output ratio and the actual net exports to net output ratio becomes negative.

Turning to the variance decomposition analysis, the results indicate that the variations

in net exports to mainland China are mainly driven by the expected future real exchange

rate and net output growth. This result is qualitatively similar to our benchmark result

reported in Table 2, but exhibits a very different pattern compared with the variations in

net exports to the rest of the world. This result is not surprising because mainland China

is a major trade partner of Taiwan; therefore, ignoring the role of China when investigating

the sources of variations in the trade balance is inappropriate and would create serious

biases. However, the variance decomposition result of net exports of Taiwan to the rest

of the world still shows that expected future net output growth explains the majority

of the variation in net exports to the rest of the world. This demonstrates that the

consumption-smoothing channel is an important driver of fluctuations in net exports of

Taiwan.

7 Model Augmented with the Terms of Trade: How

Large is the Harberger–Laursen–Metzler effect in

Taiwan?

The role of the terms of trade in current account fluctuations has been always recognized

as an important topic in literature, which is well known as the Harberger–Laursen–Metzler

(HLM) effect. For instance, Sachs (1981) and Obstfeld (1982) investigate the HLM effect

using an intertemporal model. More recently, Bouakez and Kano (2008) developed a small

open economy model that incorporates the role of the terms and investigates the HLM

effect using data from Australia, Canada, and the United Kingdom. However, they find

that the terms of trade movements do not affect the current account in a significant way.

In this section, we address a potentially important role of the terms of trade in ex-
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plaining the current account fluctuations in Taiwan using the model proposed by Bouakez

and Kano (2008), which largely nests the model in the current paper. Bouakez and Kano

(2008) assumes the representative household maximizes the lifetime utility function as

follows:
∞∑

k=0

βkEt[
α−α(1− α)α−1(Cα

Tt+kC
1−α
Nt+k)

1−γ

1− γ
], (25)

subject to the following intertemporal budget constraint:

Ft = (1 + rTt )Ft−1 + PXtNYXt + PtNYNt − P ∗

t Ct, (26)

where PXt denotes the price of the exportable good, NYXt denotes the endowment of ex-

portable net output, andNYNt denotes the endowment of non-tradable net output. Again,

Pt denotes the price of the non-tradable good, and the real exchange rate (consumption-

based price index) Qt is given by:

Qt = P 1−α
t .

Using P ∗

t Ct = CTt+PtCNt together with the market clearing condition of the non-tradable

goods market CNt = NYNt, we can rewrite (26) as:

Ft = (1 + rTt )Ft−1 + PXtNYXt − CTt. (27)

The current account identity is defined based on equation (27):

CAt ≡ ∆Ft = rTt Ft−1 + PXtNYXt − CTt, (28)

Following Bouakez and Kano (2008), we assume that the tradable good is itself an

aggregator of domestic exportable goods and imported goods in Cobb–Douglas form:

CTt = ϵ−ϵ(1− ϵ)ϵ−1Xϵ
tM

1−ϵ
t , 0 < ϵ < 1, (29)

where Xt is the consumption of exportable goods, Mt is the consumption of imported

goods, and ϵ is the share of domestic exportable goods in the tradable consumption goods

basket.

Let PMt be the price of the imported goods. The following condition holds because

the price of the tradable good is normalized to 1:

1 = P ϵ
XtP

1−ϵ
Mt , (30)
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Based on equation (30), the terms of trade are defined as the relative price of exports in

terms of imports, which can be expressed as a function of the exportable good

TOTt ≡ PXt/PMt = (PXt)
1/(1−ϵ).

The approximated solution of the current account to real output ratio cat ≡ (CAt/P ∗

t Yt)

can be derived as follows:9

c̃at = fyr̃
T
t + [η − αcy(1−

1

γ
)]

∞∑

k=1

ψkEtr̃
T
t+k − η

∞∑

k=1

ψkEt∆ ln ÑY xt+k

+αcy(1−
1

γ
)(1− α)

∞∑

k=1

ψkEt∆ ln Q̃t+k − η(1− ϵ)
∞∑

k=1

ψkEt∆ ln #TOT t+k, (31)

where fy, cy and η denote the ratio of net foreign assets to total output, Ft/P ∗

t Yt, the

unconditional means of the consumption to output ratio, Ct/Yt, and the ratio of exportable

net output to total output, ηt = PXtNY X
t /P ∗

t Yt. ψ = exp (ωpx + ωnyx − µ) denotes the

discount factor, where ωpx and ωnyx denote the unconditional means of the first difference

of the log of the price of the exported good and the first difference of the log of the net

exportable output.

In (31), fyr̃Tt represents the effect of a change in the current world real interest rate on

the current account to real output ratio. The second term [η−αcy(1−
1
γ−1)]

∑
∞

k=1 ψ
kEtr̃Tt+k

is the global-tilting channel, which captures the expected future changes in the world

real interest rate on the current account. The third term −η
∑

∞

k=1 ψ
k∆ ln ÑY Xt+k is

the consumption-smoothing channel, which captures the effect on the current account

of households smoothing consumption in the face of expected future changes in net ex-

portable output. The fourth term, αcy(1 − 1
γ )(1 − α)

∑
∞

k=1 ψ
kEt∆ ln Q̃t+k, denotes the

internal-tilting channel, which captures the effect of expected future changes in the real

exchange rate on the current account. The last term, −η(1 − ϵ)
∑

∞

k=1Etψk∆ ln #TOT t+k,

captures the changes in the terms of trade on the current account, that is, the HLM

effect. As discussed in Bouakez and Kano (2005), given the expected future path of net

exportable output, an expected future rise in TOTt increases the expected relative price of

exportable goods PXt with elasticity 1− ϵ, which in turn increases the permanent income

of the household and causes current consumption to rise. As a result, the current account

moves into deficit.
9The details of the derivation is available upon request.
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Again, we use a VAR to proxy the expectation terms on the right-hand side of (31):

Xt =
p∑

l=1

BlXt−l + νt, (32)

Xt is a vector of endogenous variables defined asXt = [r̃Tt ,∆ ln ÑY Xt,∆ ln Q̃t,∆ ln #TOT t, c̃at]′,

where r̃Tt , ∆ ln ÑY Xt, ∆ ln Q̃t, ∆ ln #TOT t, and c̃at are the demeaned world interest rate,

changes in net exportable output, changes in real exchange rate, changes in the terms of

trade, and current account to real output ratio, respectively. The Bl are 5× 5 coefficient

matrices of the p-th order VAR and νt is the vector of reduced-form disturbances.

The companion form of equation (32) can be written as Zt = BZt−1 + Ut, where B is

the 5p× 5p companion matrix and Ut = [νt, 0, · · · , 0]′ with dimension 5p× 1. Combining

equation (31) and the companion form of VAR, we can show the predicted current account

to real output ratio as follows:

ĉat = fye
′

rZt+{[η−αcy(1−
1

γ
)]e′r−ηe

′

nyx+αcy(1−
1

γ
)(1−α)e′∆q−η(1−ϵ)e

′

∆tot}ψB[I−ψB]−1Zt,

(33)

where er, enyx, e∆q, e∆tot and eca are the unit vectors associated with the position of Xt

in the vector Zt.

The Wald test can be implemented by rewriting the implied restrictions of equation

(33) as

e′ca = fye
′

r+{[η−αcy(1−
1

γ
)]e′r−ηe

′

nyx+αcy(1−
1

γ
)(1−α)e′∆q−η(1−ϵ)e

′

∆tot}ψB[I−ψB]−1,

and denoting the right-hand side of this restriction as Φ(B), obtaining the Wald statistic

[e′ca − Φ(B)][∂Φ(B)
∂B Var(B)∂Φ(B)′

∂B ]−1[e′ca − Φ(B)]′, which is asymptotically distributed as a

χ2 with 5 × p degrees of freedom. Letting res = c̃at − ĉat, taking the variance of both

sides of (33), and then dividing by Var(c̃at), we have:

1 = βfy + βr + β∆nyx + β∆q + β∆tot + βres, (34)

where

βfy =
Cov(fye′rZt, c̃at)

Var(c̃at)
,

βr =
Cov([η − αcy(1−

1
γ )]e

′

rψB[I − ψB]−1Zt, c̃at)

Var(c̃at)
,
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β∆nyx =
Cov(−ηe′nyxψB[I − ψB]−1Zt, c̃at)

Var(c̃at)
,

β∆q =
Cov(αcy(1−

1
γ )(1− α)e′∆qψB[I − ψB]−1Zt, c̃at)

Var(c̃at)
,

β∆tot =
Cov(−η(1− ϵ)e′∆totψB[I − ψB]−1Zt, c̃at)

Var(c̃at)
,

βres =
Cov(res, c̃at)

Var(c̃at)
.

Here, βfy is the contribution of net factor income to the variance of the current account

to real output ratio, βr is the contribution of the expected variation in the world real

interest rate, β∆nyx is the contribution of the expected changes in net exportable output,

β∆q is the contribution of the expected changes in the real exchange rate, and β∆tot is the

contribution of expected changes in the terms of trade. βres is the share of the variance

unexplained by the model. The estimates of βi, i = fy, r,∆nyx,∆q, and ∆tot can be

obtained by regressing fye′rZt, [η−αcy(1−
1
γ )]e

′

rψB[I−ψB]−1Zt, −ηe′nyxψB[I−ψB]−1Zt,

αcy(1−
1
γ )(1− α)e′∆qψB[I − ψB]−1Zt, and −η(1− ϵ)e′∆totψB[I − ψB]−1Zt on a constant

and c̃at, respectively.

We follow Bouakez and Kano (2008) to construct net exportable output by subtracting

real GDP in the services industry from total real GDP, expressed in per capita terms

using the population data. The terms of trade are computed as the ratio of the export

price index to import price index. These data are again obtained from the DGBAS of

Taiwan. Finally, we divide the current account data published by the Central Bank of

Taiwan by real GDP to construct the current account to real output ratio series. The

structural parameters fy, cy, η, and ψ are calibrated from the data, and γ, α, and ϵ are

estimated by minimizing the mean squared deviations between c̃at and ĉat. The top panel

of Table 7 reports the values of the calibrated and estimated structural parameters. The

values of α and ϵ and the intertemporal elasticity of substitution are 0.879, 0.669, and

0.001, respectively. A low intertemporal elasticity of substitution is the same as the result

from our benchmark model. The estimate of the share of tradable goods in the total

consumption basket, α, is marginally higher than the estimates reported in Bouakez and

Kano (2008) using the data of other countries, which is not implausible.

We plot the predicted current account to real output ratio against the actual current

account to real output ratio in Figure 8. It is clear that the predicted current account to
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real output ratio seems to move together with the actual one, but is marginally smoother.

The goodness of fit of the model, which is reported in the middle part of Table 7, also

confirmed this finding. We find that corr(ĉat, c̃at) = 0.883, and σ(ĉat)/σ(c̃at) = 0.818,

which indicates that the extended model with the terms of trade dynamics fits the data

well. Unfortunately, the Wald test strongly rejects the cross-equation restrictions implied

by the model, which is consistent with the results for Australia and Canada reported in

Bouakez and Kano (2008).

The empirical results of the variance decompositions are presented in the bottom

panel of Table 7. Comparing these results to the benchmark result reported in Table 2,

the extended model delivers a very different picture. The variance of the current account

to real output ratio is predominated by the global tilting and consumption smoothing

channels. Moreover, the estimated signs of βr and β∆nyx are consistent with the inter-

pretations of equation (31), which is different from the result reported in Table 2 based

on the benchmark model. The reasons are as follows. First, the positive sign of βr can

be justified by the apparent negative correlation between the world interest rate and

current account surpluses in Taiwan and the term η − α[1 − cy(1 − 1/γ)] in equation

(31) equal to -0.116 in our sample. As for the negative sign of β∆nyx, this is because

the forecasted long-term growth rate of net exportable output
∑

∞

k=1 ψ
k∆ ln ÑY Xt+k ex-

hibits an upward trend, which is in contrast with the forecasted long-term growth rate

of net output,
∑

∞

k=1 ξ
kEt∆ ln ÑOt+k, used in our benchmark model. We plot the terms

∑
∞

k=1 ψ
k∆ ln ÑY Xt+k against

∑
∞

k=1 ξ
kEt∆ ln ÑOt+k in the upper part of Figure 9. As

for the internal-tilting channel, it only accounts for 2.7 percent of the variation in the

current account to real output ratio. Finally, the impact of the expected future changes

in terms of trade, which captures the HLM effect, explains nearly 10 percent of the vari-

ations in the current account to real output ratio, and it is statistically significant. The

positive sign of β∆TOT can be understood by calculating the long-term forecast of the

changes in the terms of trade of Taiwan implied by the VAR,
∑

∞

k=1 ψ
kEt∆ ln #TOT t+k,

which is plotted in the lower part of Figure 9. It is clear that the long-term changes in

the terms of trade worsens continuously, yet the persistent current account surpluses of

Taiwan remain. In sum, we conclude that the effect of terms of trade movements on the

current account in Taiwan is small in magnitude, but significant in effect, according to
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our variance decomposition analysis. However, the model augmented with the terms of

trade is strongly rejected by the data, which suggests that the highly extended present

value model of the current account a lá Bouakez and Kano (2008) may be subject to some

potential problems.10

8 Conclusion

In this paper, we investigate the sources of external adjustment for Taiwan. Using an

intertemporal present-value current account model a lá Bergin and Sheffrin (2000) and

Hoffmann (2013), we find the model exhibits a good fit to the data and the Wald test

of the model-implied cross-equation restrictions indicates the model cannot be rejected.

The variance decomposition analysis suggests that the consumption-smoothing channel,

which is relevant to expected future net output growth, dominates the other factors in

explaining the current account variation for Taiwan. We also find the current account

surplus predicts the future declines in net output growth relative to its long-run trend.

Our result implies a close link between Taiwan’s external imbalances and its domestic

economic performance, as proxied by the changes in expected net output. This suggests

that the economic structure of Taiwan is excessively concentrated on the trade sector.

Our findings also demonstrate the world interest rate and real exchange rate movement

are important sources of Taiwan’s current account fluctuations, ignorance of which might

explain the apparent empirical failure of earlier studies using Taiwanese data.

10See the discussion in Bouakez and Kano (2008) about possible future directions for improving the

empirical methodologies of present value models of the current account.
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Figure 1: Actual and model–implied current account–net output ratio
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Note: The solid lines are actual current account-net output ratio, and the

dashed lines are the model-implied current account-net output ratio. Upper

graph presents the result using the benchmark current account data, while

the lower graph presents the result using the official current account data.
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Figure 2: Current account–net output ratio and the channels of current account adjustment
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Note: The solid lines are actual current account-net output ratio, and the

dashed lines represents the channels of current account adjustment.
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Figure 3: VAR-implied long-run predictions of net output growth and the actual long-term net

output growth
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Note: The solid lines represent the VAR-implied long-run predictions of net

output growth, and the dashed lines represents actual net output growth rates

over 4- and 8-year.
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Figure 4: Real effective exchange rates: BIS versus Taipei Foreign Exchange Market Develop-

ment Foundation
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Note: The solid line represents the real effective exchange rate constructed

by BIS, and the dashed line represents the real effective exchange rate con-

structed by Taipei Foreign Exchange Market Development Foundation.
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Figure 5: World real interest rates: Series constructed by three-month Treasury bill rate and

the G-7 data
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Note: The solid line represents the world real interest rate calculated based

on three-month Treasury Bill rate, and the dashed line represents the world

real interest rate calculated based on the G-7 data.
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Figure 6: Actual and model–implied current account–net output ratio: Model with frictions
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Note: The solid lines are actual current account-net output ratio, and the

dashed lines are the model-implied current account-net output ratio. Upper

graph presents the result using the benchmark current account data, while

the lower graph presents the result using the official current account data.
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Figure 7: Standardized net exports–net output ratio of Taiwan to China
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Note: The solid lines are actual net export-net output ratio, and the dashed

lines are the model-implied net exporttnet output ratio.
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Figure 8: Actual and model–implied current account–net output ratio: An extended model

with terms of trade
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Note: The solid lines are actual current account-net output ratio, and the

dashed lines are the model-implied current account–net output ratio. The

result is obtained from the model estimated with the official current account

data.
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Figure 9: VAR implied long-term net exportable output growth and the changes in terms of

trade
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Note: The upper graph exhibits the VAR implied long-term net exportable output growth

calculated from the extended model with the terms of trade (solid line) and the VAR implied

long-term net output growth calculated from the benchmark model (dashed line). The lower

graph exhibits the VAR implied long-term changes in the terms of trade.
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Table 1: Unit root tests

PP

∆ ln ÑOt -11.503*

∆ ln Q̃t -12.154*

r̃Tt (based on three-month T-bill rate) -2.066*

r̃Tt (based on G-7 data) -3.332*
"CAt

NOt
(benchmark) -1.872*

"CAt

NOt
(official) -2.521*

Note: * indicates significance at the 10% or above. The test-

ing regression does not include either constant or a time trend

since we use the demeaned series. We use the quadratic spec-

tral kernel to compute the test statistics.The 1%, 5%, and 10%

level of critical values are -2.587, -1.944, and -1.615, respec-

tively.
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Table 2: Channels of external adjustment

Calibrated parameters

f 0.839

c 0.894

ξ 0.984

1
γ (Benchmark current account data) 0.001

1
γ (Official current account data) 0.001

Fit of the model

Benchmark current account data Official current account data

corr( "CAt/NOt, !CAt/NOt) 0.984 0.824

σ( "CAt/NOt)/σ( !CAt/NOt) 0.948 0.598

Wald test statistic 6.521 3.809

Wald test statistic p-value 0.163 0.432

Variance decomposition

Benchmark current account data Official current account data

β̂f -0.209* -0.215*

(-7.722) (-7.025)

β̂r -1.103* -0.857*

(-17.992) (-14.175)

β̂∆q 0.401* 0.300*

(19.279) (14.852)

β̂∆no 1.845* 1.264*

(37.237) (36.062)

β̂res 0.067* 0.507*

(3.672) (14.180)

Note: The number in parentheses are Newey-West corrected t-ratios. * denotes significant at 5% and above.
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Table 3: Channels of external adjustment: An alternative real effective exchange rate (Sample

period: 1998Q1-2015Q4)

Calibrated parameters

f 0.777

c 0.898

ξ 0.993

1
γ (Benchmark current account data) 0.001

1
γ (Official current account data) 0.001

Fit of the model

Benchmark current account data Official current account data

corr( "CAt/NOt, !CAt/NOt) 0.965 0.871

σ( "CAt/NOt)/σ( !CAt/NOt) 1.015 0.927

Wald test statistic 7.215 21.664*

Wald test statistic p-value 0.125 0.000

Variance decompositon

Benchmark current account data Official current account data

β̂f -0.189* -0.198*

(-5.850) (-5.464)

β̂r -0.676* -0.642*

(-13.134) (-10.009)

β̂∆q 0.386* 0.319*

(5.219) (3.115)

β̂∆no 1.459* 1.327*

(29.047) (16.922)

β̂res 0.020 0.193*

(0.494) (2.356)

Note: The number in parentheses are Newey-West corrected t-ratios. * denotes significant at 5% and above.

Real exchange rate is lagged one quarter to account for the endogeneity.

42



Table 4: Channels of external adjustment: An alternative measure of world real interest rate

Calibrated parameters

f 0.839

c 0.894

ξ 0.999

1
γ (Benchmark current account data) 0.001

1
γ (Official current account data) 0.001

Fit of the model

Benchmark current account data Official current account data

corr( "CAt/NOt, !CAt/NOt) 0.984 0.944

σ( "CAt/NOt)/σ( !CAt/NOt) 1.359 0.929

Wald test statistic 12.393* 10.732*

Wald test statistic p-value 0.015 0.030

Variance decomposition

Benchmark current account data Official current account data

β̂f -0.189* -0.158*

(-5.687) (-3.863)

β̂r -0.547* -0.309*

(-25.248) (-12.023)

β̂∆q 0.263* 0.163*

(32.363) (17.144)

β̂∆no 1.809* 1.180*

(83.142) (53.405)

β̂res -0.336* 0.123*

(-12.635) (3.506)

Note: The number in parentheses are Newey-West corrected t-ratios. * denotes significant at 5% and above.
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Table 5: Channels of external adjustment: Model with frictions

Calibrated parameters

f 0.839

c 0.894

ξ 0.984

δ 0.995

1
γ (Benchmark current account data) 0.001

1
γ (Official current account data) 0.001

Fit of the model

Benchmark current account data Official current account data

corr( "CAt/NOt, !CAt/NOt) 0.968 0.832

σ( "CAt/NOt)/σ( !CAt/NOt) 0.873 0.601

Wald test statistic 3.134 3.782

Wald test statistic p-value 0.679 0.436

Variance decomposition

Benchmark current account data Official current account data

β̂f -0.291* -0.270*

(-9.667) (-6.205)

β̂r -0.805* -0.524*

(-29.669) (-14.926)

β̂τ 0.158* 0.069*

(18.260) (6.085)

β̂∆q 0.231* 0.200*

(17.630) (11.645)

β̂∆no 1.552* 1.029*

(44.118) (38.577)

β̂res -0.136* 0.226*

(-6.718) (16.268)

Note: The number in parentheses are Newey-West corrected t-ratios. * denotes significant at 5% and above.
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Table 6: Channels of external adjustment: The bilateral net flows with China, and the flows

with the rest of the world (sample period: 2001Q1-2015Q4)

Calibrated parameters

f 0.801

c 0.886

δ 0.953

ξ 0.977

1
γ Net export (to China) 0.001

1
γ Net export (to the rest of the world) 0.001

Fit of the model

Net export (to China) Net export (to the rest of the world)

corr( "NXt/NOt, !NXt/NOt) 0.945 -0.150

σ( "NXt/NOt)/σ( !NXt/NOt) 3.109 0.667

Wald test statistic 29.334* 21.454*

Wald test statistic p-value 0.000 0.001

Variance decomposition

Net export to China Net export to the rest of the world

β̂∆no 1.225* 0.193*

(14.892) (2.116)

β̂∆q 1.912* -0.203*

(17.058) (-4.607)

β̂r -0.171* -0.001

(-7.984) (-0.063)

β̂τ -0.027* -0.089*

(-3.847) (-9.361)

β̂res -1.939* 1.100*

(-26.633) (9.226)

Note: The number in parentheses are Newey-West corrected t-ratios. * denotes significant at 5% and above.
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Table 7: Channels of external adjustment: Model with Terms of Trade a lá Bouakez and Kano

(2008)

Calibrated parameters

α 0.879

ϵ 0.669

fy 0.534

cy 0.543

κ 0.984

1
γ 0.001

Fit of the model

corr(ĉat, c̃at) 0.883

σ(ĉat)/σ(c̃at) 0.818

Wald test statistic 121.679*

Wald test statistic p-value 0.000

Variance decomposition

Official current account data

β̂f -0.219*

(-7.875)

β̂r 1.378*

(13.804)

β̂∆nyx -0.559*

(-11.506)

β̂∆q 0.027*

(12.239)

β̂∆tot 0.095*

(11.234)

β̂res 0.277*

(7.664)

Note: The number in parentheses are Newey-West corrected t-ratios. * denotes significant at 10% and above.
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