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Abstract. The objective of this paper is to test whether the complete pass-through of exchange rate
exists when there are almost no transaction costs and in the environment of competitive market. In
general, the literature claims that the pass-through of exchange rate is incomplete due to imperfect
market, i.e. the presence of transaction costs and imperfect competition. The quasi-experimental
case of the food import to Hong Kong from Mainland China is considered in the analysis. The
results show that the pass-through of the exchange rate of Chinese RMB against to US dollar to
Hong Kong’s food import price is complete in long-run equilibrium. Besides, the short-run adjust-
ment significantly contributes to correcting the deviation from the long-run pass-through effect.
Moreover, the complete pass-through still exists after accounting for the effects of asymmetry and
volatility. Therefore, this paper contributes to the literature by providing empirical evidence that the
complete pass-through of exchange rate can exist in the real world.

Keywords: pass-through, exchange rate, RMB, quasi-experimental environment, error correction
model, quantile regression.
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Introduction

From 2005 on, China has gradually reformed its exchange rate regime by switching from
fixed exchange rate regime pegged to US dollar towards the floating exchange rate. During
that period, the Chinese RMB (renminbi) showed substantial fluctuations. From July 2005 to
July 2008, the RMB appreciated against the US dollar by 21.2%, following a fixed exchange
rate of 6.83 RMB/USD up until financial crisis in June 2010. After the crisis, the RMB ap-

*Corresponding author. E-mails: garylee0428@gmail.com; tx10428@njau.edu.cn

Copyright © 2020 The Author(s). Published by VGTU Press

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author
and source are credited.


http://dx.doi.org/10.1016/S0377-2217(03)00091-2
http://dx.doi.org/10.1016/S0377-2217(03)00091-2
https://orcid.org/0000-0002-9130-3669
https://orcid.org/0000-0002-3906-1711
https://orcid.org/0000-0002-3247-9912

544 T. Zhang et al. Testing for complete pass-through of exchange rate without trade barriers

preciated again with larger volatility, and the exchange rate reached the lowest point of 6.05
in January 2014. From 2014 onwards, the exchange rate has increased again and showed even
higher volatility rather frequently. Overall, the change in trend is due to China’s policy shift
to market-based exchange rate regime. However, China’s government still has strong power
on its foreign exchange market, especially by exploiting its vast foreign exchange reserves
to adjust the exchange rate. Therefore, China is still being on the road towards the floating
exchange rate regime (Li et al., 2015; Hu et al., 2016; Yu & Xiao, 2017).

High and frequent fluctuations of Chinese RMB not only have effect on China’s trade
flows, but also impact the price levels in both domestic and foreign markets. This is facilitated
via the price transmission of exchange rate in short and medium terms. Even though there
has been fluctuation in China’s currency exchange rate against many currencies, the exchange
rate of RMB against the US dollar is the most crucial one. As long as the US dollar-related
transactions account for the largest share of China’s foreign currency exchange market, the
exchange rate of the RMB against the US dollar plays the key role in China’s currency reform.

Hong Kong SAR, even though being a part of People’s Republic of China, is a separated
market in regards to the Mainland China. According to the policy of “one country, two
systems”, Hong Kong has its separate currency which is tightly pegged to the US dollar.
Consequently, the change in the exchange rate of the RMB against the US dollar would lead
to the same change in the rate of Chinas RMB against the Hong Kong dollar. As the largest
offshore market of China’s RMB, Hong Kong heavily influences the fluctuation of China’s
RMB against the US dollar depending on the situation there.

The exchange rate of China’s RMB against Hong Kong dollar is fully determined by the
exchange of China’s RMB against US dollar, and the Hong Kong’s trade is mainly dominated
by its imports from the Mainland China (it accounts for more than 80% of Hong Kong’s to-
tal import), see Chinas Custom Statistics (2015). Therefore, the price change of Hong Kong
market is largely depended on China’s export to Hong Kong and the change of China’s RMB
against Hong Kong dollar, but not the opposite. As the Mainland China’s export to Hong
Kong accounts to just a small share of China’s agricultural and food product export (less than
2%), the price level in the Mainland China would not be influenced by Hong Kong’s import
from Mainland China. Furthermore, there are no tariff barriers or any other trade distortions
in regards to the import of Hong Kong from the Mainland China. Therefore, this situation
can be considered as an instance of a free trade zone between Hong Kong and Mainland
China. In contrast to the long distance trade, the geographical proximity from Hong Kong
to Mainland China largely reduced transportation and logistical costs, which usually account
for significant share of the total trade costs. Therefore, Hong Kong constitutes a desirable
quasi-experiment environment that has no trade cost to estimate the impact of the changes
in the exchange rate of RMB against the Hong Kong dollar on the food import price level of
Hong Kong without usual considerations about endogeneity. In particular, the food import
prices of Hong Kong has little effect on the exchange rate of RMB against Hong Kong dollar,
because the Hong Kong dollar is tightly pegged to US dollar and the food import of Hong
Kong from Mainland China only accounts for a minimal share of Mainland China’s export.
Besides, there is no evidence in the literature that the exchange rate of RMB against US dollar
is driven by food sector trade between Hong Kong and Mainland China.
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The exchange rate pass-through reflects the reaction of product prices (either import
price or domestic price) to changes in exchange rates. Formally, the exchange rate pass-
through is measured as the elasticity of import price with respect to the exchange rate. Typi-
cally, the elasticity coeflicient should be one if there is complete pass-through, otherwise it
is incomplete. Existing literature documents that the exchange rate pass-through is incom-
plete in most countries, industries and products (Menon, 1995; Frankel et al., 2012; Bussiere
et al., 2014). Much research on the pass-through of exchange rate is controversial due to the
difficulty of specifying trade costs (Bussiere et al., 2014). The imports to Hong Kong from
the Mainland China could be a quasi-experiment that has no trade cost (short distance, no
tariff, and only one supplier), which allows one to explore the pass-through of exchange rate
under the situation of nearly no trade cost. Especially, almost all of Hong Kong’ food import
originates from the Mainland China, thus the change of RMB against dollar would effectively
transmit to Hong Kong’s food market. In some extreme cases, steep change in the value of
RMB against the US dollar would lead to large volatility of the prices in food market in Hong
Kong. For example, by the statistics on the consumer price index in Hong Kong suggests the
price of fresh vegetables (that were mainly imported from the Mainland China) went up by
8.7% in July 2015, when China started to reform its foreign exchange regime and allowed
the exchange rate of RMB to appreciate.

The purpose of the present research is to test for the existence of complete pass-through
of exchange rate. The object of the research is pass-through of exchange rate in food imports
of Hong Kong from China. The methods used include panel regression (co-integration model
and error correction model) and quantile regression. By exploiting the panel data on food
imports of Hong Kong from China, this paper proves that the pass-through of exchange
rate can be complete after reaching the long-run equilibrium and short-run disequilibrium
adjustment, even when accounting for the effects of the asymmetry and volatility. The con-
tribution of this paper is threefold. First, this paper provides the new empirical evidence
that the complete pass-through of exchange rate can exist in the real world. In this regard,
the food import to Hong Kong from the Mainland China can be used as a novel case to test
the theory that the exchange rate pass-through should be complete in the absence of the
transaction costs. Second, this paper identifies the mechanism underlying the formation of
complete exchange rate pass-through by disentangling the long-run equilibrium and short-
run disequilibrium adjustment. Third, this paper utilizes several econometric methods to
estimate the exchange rate pass-through coeflicients, with quantile regression used for the
first time, to the best of our knowledge, to reflect the exchange rate pass-through at differ-
ent levels of exchange rate. The paper proceeds as follows. Section 1 presents the literature
survey. The estimation approach is discussed in Section 2. Section 3 focuses on the data used.
Section 4 brings forward the results.

1. Literature review

International trade is related to a number of economic, social an environmental phenomena
(Song et al., 2020; Munir & Ameer, 2018; Yue et al., 2018; S. J. Wang & L. Wang, 2018; Su
et al., 2018; Andrei et al., 2018). A number of papers studied the impacts of trade barri-
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ers (such as trade policies) on relative prices in the domain of international economics.
However, nominal exchange rate volatility dominates aggregate trade barriers in explaining
common currency relative price volatility (Goldberg & Knetter, 1997). In other words, the
pass-through of exchange rate is a significant factor behind the change in the relative prices.
Also, the incomplete pass-through of exchange rate is highly related to the deviation from
the exchange rates implied by the Purchasing Power Parity (PPP) which is one of the six
unsolved big questions of international finance (Obstfeld & Rogoff, 2000).

To be clear in regards to terminology, the differences between the pass-through of ex-
change rate and the transmission of exchange rate should be discussed. Indeed, these con-
cepts mainly relate to the assumption on the market structure. If a monopolistic market is
assumed (i.e. a firm sets the price in the market), the pass-through of exchange rate is used.
If a competitive market is assumed, the transmission of exchange rate is used. This paper
focuses on the pass-through of exchange rate rather than the transmission of exchange rate,
which corresponds to much of the literature.

Despite there have been papers on the relations among exchange rates and prices (Chen
et al,, 2017; Enders et al., 2018), there are still two major unsolved problems, namely the
causes of market segmentation and measurement of market power (Goldberg & Knetter,
1997). The deviation from the Law of One Price is the signal of the market segmentation.
There are many friction factors that can lead to deviation of the Law of One Price, such
as tariffs, trade impediments, transportation cost and markup etc. Unlike the Law of One
Price, the pass-through of exchange rate highly depends on the behavior of exporters where
stationarity, co-movement, dynamic adjustment, asymmetry, and competitor prices should
be considered. The empirical model of exchange rate pass-through is similar to the model
of Law of One Price. However, the relations between Law of One Price and exchange rate
pass-through are uncertain unless controlling for the domestic price of exporters. The market
power of exporter plays a core role in determining the degree of pass-through of exchange
rate. Typically, exporters adjust their premia to offset the risk of volatility of exchange rate,
which leads to an incomplete pass-through effect.

It has been shown that the pass-through of exchange rate in developing counties is gen-
erally larger than that in developed countries, yet the low pass-through of exchange rates in
developing countries has followed a decreasing trend since 1990 (Frankel et al., 2012; Bus-
siere et al., 2014). Frankel et al. (2012) estimated the pass-through of exchange rate in 76
developing countries and the results showed that the pass-through to import prices is larger
than the pass-through to domestic prices and CPI, which suggests that transaction costs are
an important factor of pricing-to-market. Such factors as income per capita, distance, tariff,
country size, wage level and long-term inflation have significant effect on the magnitude of
the coefficient of the pass-through of exchange rate. Empirically, the factors determining
the pass-through of exchange rate are still not clear. Brun-Aguerre et al. (2012) showed that
inflation, exchange rate volatility, openness and relative wealth are the main drivers of the
pass-through of exchange rate in emerging markets, yet did not conclude the same for the
output gap and protectionism. Aron, Macdonald, and Muellbauer (2014) documented the
conceptual and methodological problems in the studies of exchange rate pass-through in de-
veloping and emerging markets. Indeed, they claimed that misspecification is a curial reason
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to obtain unreliable exchange rate pass-through estimation. Chen and Hu (2019) showed that
neural network model can mitigate the misspecification problem and forecast the exchange
rate pass-through effect with higher precision.

On the other side, the exchange rate pass-through into consumer prices is lower than into
border prices. The exchange rate pass-through into border prices is typically incomplete in the
long run, displays dynamics and varies considerably across countries (Burstein & Gopinath,
2014). Border prices, whatever currency they are set in, respond partially to exchange rate
shocks at most empirically estimated horizons. Lower exchange rate pass-through for consumer
prices than that for border prices of imported goods can be mechanically explained by the pres-
ence of significant local costs that are insensitive to exchange rate movements. Kabundi and
Mbelu (2018) showed that the adoption of inflation-targeting regime can reduce the exchange
rate pass-through into consumer prices. There is less evidence on the role of variable retail
mark-ups in inducing low exchange rate pass-through for consumer prices (Gopinath et al,,
2011). An array of micro-level factors have been proposed to explain the incomplete pass-
through, such as consumers’ habits, consumers’ search frictions, exporter-importer’s bargaining
power, invoice currency choice (Cooke, 2019; Jacob & Uuskiila, 2019; Xu et al., 2019). Some
macro factors are also shown to affect the pass-through of exchange rate, such as inflation-
targeting regime, foreign-currency debt, and monetary policy credibility (Fendoglu et al., 2019;
Kabundi & Mbelu, 2018; Kabundi & Mlachila, 2019; Nguyen & Sato, 2019).

As the US dollar is the base currency in the international transactions, its exchange rate
has high impacts on the dynamics in the commodity prices. Empirical evidence from 51
highly tradable commodities shows that the volatility of commodities is closely related to
the US nominal exchange rate (Chen et al., 2014). Since the US dollar accounts for over a
half in international payments, the currency invoicing should be considered when estimat-
ing the pass-through of exchange rate. Importers and exporters prone to invoice the foreign
currency or domestic currency depending on the product market structure and the degree
of pass-through of exchange rate (Devereux et al., 2017).

Recently, there have been attempts to explain the causes of incomplete pass-through of
exchange rate from the firm level perspective. Rodriguez-Lopez (2011) presented a sticky-
wage model of exchange rate pass-through with heterogeneous producers and endogenous
markups. The model shows that low levels of exchange rate pass-through to firm- and ag-
gregate-level import prices coexist with large movements in trade flows. After an exchange
rate shock, aggregate import prices are subject to a composition bias due to changes in the
extensive margin of trade (the number of goods traded between countries). At the firm
level, each producer adjusts its markups depending on its own productivity and the change
in the competitive environment affected by the exchange rate movement. Firm-level price
responses are asymmetric — different during appreciations and depreciations — and adjust-
ments in the intensive margin of trade are substantial (Law et al., 2018; Kassi et al., 2019).
By using micro-data on sales and prices, Nakamura and Zerom (2010) found that the role of
markup adjustment, local costs and menu costs are the three central factors in determining
incomplete pass-through of exchange rate. Binding and Dibiasi (2017) used the unexpected
change in monetary policy as a natural experiment, thus showing that the uncertainty of
change in the exchange rate negatively affects firm investment plans.
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Several recent papers have studied the pass-through of China’s exchange rate. Li, Ma, and
Xu (2015) used firm-level data to show that the prices denominated in RMB respond little
to the changes in RMB exchange rate, which indicates there is relatively high exchange rate
pass-through into prices denominated in foreign currency. Eichengreen and Tong (2015)
examined the impact of the change in the exchange rate of RMB on foreign firms and found
that RMB appreciation has no significant effect on the valuation of firms which export to
China due to the pattern of processing trade. Processing trade is less affected by exchange
rate because these imported product will be exported again after processing, thus the change
of exchange rate will not affect this kind of trade too much due to the two-side transaction.
From this point of view, the pass-through of exchange rate is also impacted by the industrial
structure and trade patterns. Héricourt and Poncet (2013) showed that a trade-deterring
effect of RMB exchange rate volatility on the export of China’s firms, and the exchange rate
risk can be hedged by well-developed financial markets if such exist.

The importance of macroeconomic factors (especially, exchange rates) to agricultural
trade had been largely neglected in the literature for many years, possibly due to the micro-
orientation of agricultural economics (Josling et al., 2010). Liefert (2009) summarized the
transmission of exchange rate changes to agricultural prices and found that the transmission
effect of exchange rate on agricultural prices is low in most developing countries due to ex-
tensive trade barriers and inadequate infrastructure. Gervais and Khraief (2007) also showed
that the supply constraint of live hogs partly depends on the pass-through of exchange rate in
the pork market. Hatzenbuehler, Abbott, and Foster (2016) empirically demonstrated that the
key supply-use factors, such as low stocks and policy shifts, would cause larger response of
agricultural prices to the change in the exchange rate given to the inelastic market demand.
In the short-run, the price transmission is largely decided by the overshooting factors.

In general, the pass-through of exchange rate is proved to be low in developing countries
and agricultural markets (Frankel et al., 2012; Hatzenbuehler et al., 2016; Bussiére et al,,
2014). The reasons are numerous including the trade barriers and market structures (Campa
& Goldberg, 2005; Auer & Schoenle, 2016). However, there have been no studies to test the
pass-through of exchange rate under nearly zero trade cost and competitive market. Thus,
this paper addresses the aforementioned issue and thereby addresses the literature gap.

2. Estimation approach

Following the Law of One Price, the import price in importer’s currency should be equal to
the export price in exporter’s currency multiplied by the exchange rate of exporter’s currency
with respect to the importer’s currency (the amount of the importer’s currency per unit of
exporter’s currency). For example, if one product such as apples is exported from China to
Hong Kong, the import price of the apples in Hong Kong dollars should be equal to the apple
price in Chinese RMB times the exchange rate of RMB against Hong Kong dollar (Hong
Kong Dollars per Chinese RMB). Therefore, the basic empirical model to be estimated when
analyzing the pass-through of exchange rate is as below:

In price;, =B, + P, Inmarket,, + B, Inchina,, +u,, , (D
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where In price;, is the logged price of product i that Hong Kong imports from China in Hong
Kong dollars at time t (import price); Inmarket;, is the logged price of product i in Chinese
RMB at time f; Inchina,, is the logged exchange rate of Chinese RMB against the Hong Kong
dollar.

If there are zero transaction costs in a competitive market, the coefficients of domestic
price and the exchange rate should be equal to unity. However, there exist multiple kinds of
transaction costs in international trade, such as tariffs and quotas, sea transport fees, insur-
ance costs alongside distance and other technical trade barriers (Goldberg & Knetter, 1997;
Nakamura & Zerom, 2010). Moreover, exporters and importers may possess certain degree of
market power, thus the pass-through rate could not to be one because the exporters can ad-
just their premia to keep the price denominated in importer’s currency unchanged. Therefore,
additional factors should be included into the regression model. Under these circumstances,
the pass-through of exchange rate cannot to be complete (that is the rate of the pass-through
cannot be equal to one), which has been established in the literature.

Compared with the earlier literature focused on less competitive circumstances, this pa-
per aims to test whether the complete pass-through exists under the quasi-experimental
environment. Since China’s export to Hong Kong faces no prohibitive trade cost, nearly
zero transaction costs, and competitive market, the pass-through of exchange rate should
be equal to one. Moreover, since the import to Hong Kong accounts for a negligible share
of Chinass total export, the exchange rate should not be endogenous in the regression. Most
importantly, since the Hong Kong dollar is pegged to the US dollar, the change in the value
of RMB against the Hong Kong dollar is totally equal to the change of RMB against US dollar,
so the exchange rate is an exogenous variable.

Therefore, the first relationship to be tested in this paper is formulated as follows: Under
the quasi environment of zero transaction costs and competitive market, the pass-through
of exchange rate in the case of China’s export to Hong Kong should be complete; that is, the
coeflicient of exchange rate in Eq. (1) should be equal to one.

Eq. (1) tests the pass-through of exchange rate on the level of import prices, which repre-
sents the equilibrium relation between the two variables in the long-run. If this equilibrium
relation exists and the pass-through is equal to one, the complete pass-through relation is
confirmed. Further test is carried out to check how the equilibrium relation adjusts dynami-
cally from disequilibrium in the short-run. In other words, rather than just focusing on the
drivers of the level of import prices, the research also considers the drivers of changes in
the import prices. To test the dynamic adjustment in the short-run, the following model is
implemented:

D.In price, =P, + oL.error, +B,D.Inmarket,, +B,D.Inchina;, +u, , ()

where D.In price, is the first difference of the logged price of the product i that Hong Kong
imports from China at time period t; L.error;, is the lag of estimated error from Eq. (1),
which shows the adjustment relations in the short-run disequilibrium; D.Inmarket;, is the
first difference of the logged price of product i in China’s domestic market at time period
t; D.Inchina,, is the first difference of the logged exchange rate of RMB against the Hong
Kong dollar.
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The long-term relationship between prices and exchange rates is rather persistent. The
short-run case is indeed more important for analysis of market behavior, because it allows
looking at the adjustment process of prices changes after an exchange rate shock. Based on
model given in Eq. (2), the second relationship is formulated as follows: Under the quasi-ex-
perimental environment of zero transaction costs and competitive market, the pass-through
of exchange rate in China’s export to Hong Kong should be complete and exhibit significant
adjustment process in the short-run. That is to say, the coefficient of exchange rate in Eq. (2)
should be equal to one and the coeflicient of the lagged residual should be significant.

3. Data used

Since food markets are generally considered as perfectly competitive ones, this research cov-
ers 11 kinds of agricultural and food products which are exported from Mainland China
to Hong Kong. Given the data availability, the products covered include: rice, wheat flour,
peanut kernels, rape oil, hogs, pork, sheep, chicken, tomatoes, green bell pepper, and apples.
The Mainland China is the most important exporter of these products to Hong Kong (more
than 90 per cent of the total imports). Furthermore, more than 90 per cent of these products
are imported to Hong Kong. The import price is calculated by dividing the import value by
import volume. The data on import values and import volumes come from China’s Custom
Statistics. China’s domestic price data come from the Yearbook of China’s Agricultural Prices.

The exchange rate data are taken from St. Louis Federal Reserve on-line database. Hong
Kong dollar is pegged to US dollar, thus the paper uses the change of the value of RMB
against US dollar to reflect the change of the value of RMB against Hong Kong dollar. To
reflect the change of RMB against US dollar, the direct quotation of exchange rate is used,
i.e. the amount of US dollars per one Chinese Yuan, where Chinese Yuan is fixed currency,
and US dollar is variable currency. For example, the exchange rate of 0.165 in January 2014
means 0.165 dollar equals to one Chinese Yuan. The monthly exchange rate data from
Federal Reserve is calculated as the average of daily noon buying rates in New York City
for cable transfers payable in foreign currencies within each month. These data are slightly
different from the statistics provided by China’s State Administration of Foreign Exchange
(SAFE) since they are collected in different marketplaces. The data from SAFE were also
used and almost identical results were obtained, thus the conclusions are robust to data
sources. Existing literature, such as Goldberg (2004), suggests using industry-specific ef-
fective exchange rate to capture heterogeneity in competitive conditions across industries,
especially when analyzing exchange rate pass-through at the aggregate level (country level
or industry level). However, weighted exchange rates contain endogeneity issue because
trade weights contain price information, and this problem is more severe when estimat-
ing exchange rate pass-through at the product level. This paper also studies the exchange
rate pass through at the product level, specifically, 11 products in the same sector, namely
agricultural industry. Therefore, this paper applies bilateral nominal exchange rate, which
is proposed by Gaulier et al. (2008).

The time range covered is from 2007 to 2014. The data description is given in Table 1.
Note that the data for the rape oil only cover years 2007-2012. Accordingly, variable Inmarket
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has 24 observations less than the other two variables. The choice of the period covered is
subject to data availability. Indeed, there have been no serious economic turbulences since
2014 which would be neglected in the analysis.

Table 1. Descriptive statistics of the main variables

Variable Obs Mean Std. Dev. Min Max

Inprice2 1056 0.0386 1.130 -2.240 2.377
Inmarket 1032 2.214 0.817 0.7129 4.192
Inchinal 1056 -1.893 0.0687 -2.053 -1.800

4. Results and discussion

The empirical analysis comprises the four parts. First, the test for the existence of the panel
unit root and co-integration among the three variables defining exchange rate pass-through
is carried out (Section 4.1). Second, regression analysis is performed to test if there exists a
complete pass-through, in terms of both long-run equilibrium relations and short-run ad-
justment (Sections 4.2 and 4.3). Third, the asymmetry and volatility on the pass-through of
exchange rate are analyzed (Sections 4.4 and 4.5). Finally, the sensitivity of the pass-through
coeflicients of the level and difference models is tested across different quantiles (Sections 4.6
and 4.7). The use of the quantile regression models allows one to check the pass through at
different import price levels.

4.1. Unit root test and co-integration test

In order to check the stationarity of the variables used in the modelling, three tests — Levin-
Lin-Chu test, Im-Pesaran-Shin test, and augmented Dickey-Fuller test — are applied for the
panel data (Inprice2 and Inmarket) and three — augmented Dickey-Fuller test, Dickey-Fuller
test with generalized least squares transformation (DFGLS), and Kwiatkowski-Phillips-
Schmidt-Shin (KPSS) test — are applied for the time series data (Inchina). These tests are
commonly used to examine the stationarity of the panel data and help to select the proper
variable transformations and models (Baltagi, 2008). The panel data are demeaned using
cross-section means to control for cross-sectional dependence. For both panel and time se-
ries data, trend is allowed for and removed in case it appears to be insignificant and control
for autocorrelation by including the lag terms.

The panel unit root tests in Table 2 show that at least two variables are non-stationary. For
variable Inprice2, the two tests fail to reject the null hypothesis of unit roots (p > 0.05), which
means the variable is non-stationary in the panel data. Turning to variable Inmarket, one can
implement two tests only as the Levin-Lin-Chu test requires the balanced data. In this case,
Im-Pesaran-Shin test and the augmented Dickey-Fuller test reject the null hypothesis of non-
stationarity (p < 0.05). All the three tests show that variable Inchina is non-stationary. These
results imply that all the three variables are probably not integrated of order 0. Therefore, test
for co-integration among these variables will be applied.
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Table 2. Panel unit root tests for the main variables

Variables | -0 O e s est | DFGLS test | KPSS tes
Inprice2 0.855 0.025 0.083 - -
Inmarket - 0.000 0.000 - -
Inchinal - - 0.092 >0.050 <0.050

Note: p-values are given for the null hypothesis of unit roots (for KPSS test, the null hypothesis is
stationarity).

The test for co-integration delivers the same conclusion, too. Specifically, following West-
erlund (2007), the Westerlund test is applied as an error-correction-based co-integration test
for panel data. The error-correction test evaluates the speed at which the relationship among
the dependent variable and independent variables corrects back to equilibrium relationship
after a sudden shock. The error-correction coefficient should be significantly negative if there
is co-integration. Table 3 provides four tests for the error-correction coefficient. The results
in Table 3 show that all the coefficients are negative and test statistics are highly significant,
which means that there is a co-integration relation among the export price, the domestic
price and the exchange rate.

Table 3. Westerlund ECM-based co-integration tests for the main variables

Statistic Value Z-value P-value
Gt -4.131 -7.547 0.000
Ga -29.697 -10.878 0.000
pt -10.412 -4.581 0.000
Pa -19.702 -8.207 0.000

Note: Gt and Ga are statistics of the group-mean tests across individual cross-sectional units. Pt and Pa
are statistics of the panel tests (see detail description in Persyn & Westerlund, 2008).

4.2. Equilibrium relations in the long-run: co-integration model

The relations among the level of domestic prices, exchange rate and import prices are checked.
In the model estimated, the domestic price (Inmarket) and the exchange rate (Inchinal) are
regressed on the import price (Inprice2). Furthermore, the time trend is added to de-trend
the variables. Three types of models are implemented: the fixed effects, the random effects,
and MLE (Maximum likelihood estimation). The estimates of the co-integration regressions
are shown in Table 4. The results are robust to the choice of the model in terms of the esti-
mates of the coeflicients of interest. All the variables are significant, and have the expected
signs. The Durbin-Hausman-Wu test shows that the fixed effects model can be used.

As suggested by the results of the fixed effects model, the coefficient of exchange rate is
0.980, and it is significant at the level of 5%. The t-test shows that the coefficient is not signifi-
cantly different from one, which implies the first relationship (see Section 3) is not rejected.
Therefore, one might claim that the price of Hong Kong imports from China would increase
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1% if the China’s RMB appreciates almost 1% against Hong Kong (or US dollar) dollar in the
long-run. There are several reasons behind this, such as low transportation cost, low trade
barriers. The transportation cost from the Mainland China to Hong Kong is low, not only
because of the geographic proximity, but also because of the developed infrastructure such
as efficient railways, highways, and convenient custom clearance procedures. Besides, there
are no tariff-based or any other policy limitations on food trade between the Mainland China
and Hong Kong, which rare in effect in regards to the other trade counterparts. The complete
pass-through of China’s RMB against Hong Kong dollar to Hong Kong’s food import price
provides strong evidence that the implicit assumption that the pass-through in emerging
markets is low can be wrong. Even though the previous research generally suggested that
weak pass-through in developing countries is due to the high transportation costs and trade
barriers there, the situations with no transportation costs and trade barriers were not consid-
ered. Therefore, this paper complements the literature by discussing a case where complete
pass-through can exist in real world, and, under certain conditions, the evidence is found to
support the law of one price.

The coeflicients of the control variables are consistent to expectation as well. The domestic
price and time trend variables are significant too and have the positive coefficients. If the
Chinas domestic food price increases 1%, the food price of Hong Kong imported from Main-
land China would go up by 0.454%. Corresponding to the trend of increasing food prices
both in the Mainland China and Hong Kong, the food import price increases by 0.3 per cent
each month on average. The coeflicient of determination is 0.56 for the fixed effects model,
which means the model has relatively reasonable specification and large explanatory power
in regards to the price change of the food import to Hong Kong from the Mainland China.

Table 4. Results of the exchange rate pass-through model in the long-run

1 - Fixed Effects 2 — Random Effects 3 - MLE
Dependent var.
Inprice2 Inprice2 Inprice2
0.454™ 0.484™ 0.469™"
Inmarket
(0.042) (0.042) (0.042)
0.980" 0.931" 0.954"
Inchinal
(0.320) (0.321) (0.319)
) 0.003"" 0.003"" 0.003"
time
(0.001) (0.001) (0.001)
-1.058 -1.168 -1.112
_cons
(1.067) (1.085) (1.090)
N 1032 1032 1032
R? 0.560
Log. likelihood 127.394 82.748
13.380
D-W-H test (0.000)

Notes: standard errors are given in parentheses; significance codes: “ p < 0.05, " p < 0.01, ™ p < 0.001;
D-W-H stands for the Durbin-Hausman-Wu test.
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4.3. Adjustment relations in the short-run: error correction model

To examine validity of the second relationship (see Section 3), the paper further looks into
the short-run adjustment in the context of the exchange rate pass-through model in Table 5.
In the initial model, the new variable is the lagged residual of the fixed effects panel model
(the first column in Table 4) along with other control variables (such as the lag of first dif-
ference of logged domestic price, LD.Inmarket). The first model corresponds to that given by
Eq. (2). Contrary to our expectations, the coefficient of D.Inchinal is insignificant. The signs
of all the variables are as expected.

The residual from the preceding period has a negative and statistically significant ef-
fect on the change of import price, which indicates the short-run adjustment effect exists.
Since the exchange rate has positive effect on the import price, the error adjustment term
should be negative in the dynamic adjustment model. If the import price in the preceding
period is too high, the adjustment process would lead to a decrease in the growth rate of
the import price in the current period. The result in column (1) of Table 5 shows that the
adjustment coefficient is —0.24%, which means the long-run equilibrium between exchange
rate and import price is corrected gradually through a short-run adjustment with a speed
of 24%. For instance, if the model predicts import price change to be 1 percent higher than
the equilibrium level in the preceding month, then the short-term adjustment mechanism

Table 5. Results of the exchange rate pass-through model in the short-run

(1) (2) (3)
Dependent var.
D.Inprice2 D Inprice2 D.Inprice2
-0.240" -0.193™ -0.191""
L.error
(0.058) (0.040) (0.038)
0.187" 0.192"" 0.178"
D.Inmarket
(0.042) (0.042) (0.050)
) 0.319 0.593 -0.050
D.Inchinal
(1.236) (1.194) (1.331)
0.035
LD.Inmarket
(0.074)
1.188
LD.Inchinal
(0.662)
-0.200"" -0.202""
LD.Inprice2
(0.042) (0.043)
0.005 0.005 0.004
_cons
(0.003) (0.003) (0.003)
N 1021 1010 1010
R? 0.121 0.160 0.162
Log. likelihood 551.056 570.641 571.398

Notes: standard errors are given in parentheses; significance codes: - p < 0.05, - p <0.01, o p < 0.001;
D and L denote the difference and lag operators, respectively.



Journal of Business Economics and Management, 2020, 21(2): 543-563 555

would correct this deviation, and decrease the import price change by 0.24 percent. Besides,
the growth of domestic price and appreciation of China’s RMB would lead to higher growth
rate of the import price. The second and third columns in Table 5 show similar results after
controlling for some control variables. Therefore, the results are robust to alternative speci-
fications of the dynamic adjustment models.

4.4. Asymmetry effect

Much literature has emphasized the existence of the asymmetry effect for the pass-through
of exchange rate, which implies that depreciation and appreciation of a currency might in-
duce different pass-through coefficients (Delatte & Lopez, 2012; Bussiere, 2013). However,
the results obtained (Table 6) indicate there is no asymmetry effect in our case. A dummy
variable is introduced in the fixed effects co-integration model, achina, which obtains value
of 1 in case of appreciation and 0 in case of depreciation. Then, the dummy variable is inter-
acted with the exchange rate (i.achina#c.Inchinal). However, further results indicate that the
interaction term is insignificant and has little impact on the coefficient of the pass-through.
These findings are reasonable in that the appreciation and depreciation of exchange rate
should induce the same pass-through elasticity in a competitive market as no export firm
has market power to adjust the market price and premium.

Table 6. The exchange rate pass-through model with the asymmetry effect

Dependent var. Inprice2
0.460™"
Inmarket
(0.043)
0.946"
Inchinal
(0.321)
-0.012
i.achina#c.nchinal
(0.009)
i 0.003™
tme (0.001)
-1.142
_cons
(1.068)
N 1032
R? 0.561
F 325.210
Log. likelihood 128.446

Notes: standard errors are given in parentheses; significance codes: “ p < 0.05,  p < 0.01, ™" p < 0.001.

Note that, for the variable “i.achina#c.Inchinal”, “i” indicates a dummy variable, “c” indicates a contin-
uous variable and “#” represents multiplication in this paper.

4.5. Volatility effect

High volatility of the exchange rate may induce different pass-through coeflicient if contrast-
ed with the case of low volatility of the exchange rate (Corsetti et al., 2008). We, thus, con-
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struct a dummy variable, ec, which gets the value of 1 in case the change in the exchange rate
is two times higher than the mean change in the exchange rate of the China’s RMB against
the Hong Kong dollar, and is to be zero otherwise. Then, the fixed effects co-integration
model with the interaction term between the dummy variable and the exchange rate, i.ec#c.
Inchinal, is estimated. Table 7 shows that the interaction term has a negative sign, which
means that high volatility would reduce the pass-through coeflicient. However, the associated
coeflicient is insignificant, thus one cannot conclude that high volatility of the exchange rate
would increase or decrease the pass-through coefficient. Indeed, the pass-through coefficient
of exchange rate does not change substantially and still remains not significantly indifferent
from one, which once again confirms the existence of the complete pass-through.

Table 7. The exchange rate pass-through model with the volatility effect

Dependent var. Inprice2
0.451""
Inmarket
(0.043)
1.047"
Inchinal
(0.331)
-0.012
i.ec#cInchinal
(0.015)
0.003™"
time
(0.001)
-0.843
_cons
(1.100)
N 1032
R? 0.690
F 542.010
Log. likelihood 131.267

Notes: standard errors are given in parentheses; significance codes: * p < 0.05, " p < 0.01, ™ p < 0.001.

4.6. Exchange rate pass-through across the quantiles

To check the sensitivity of the pass-through coeflicient of the exchange rate at different levels
of the exchange rate, the quantile regression is applied when estimating Eq. (1) by using co-
integration model with fixed effects. The bootstrap-based analysis (Table 8) shows the pass-
through coeflicient changes largely across different quantiles — even from negative values to
positive ones. The F-test rejects the null hypothesis that the pass-through coefficients in the
five quantiles are equal (p < 0.05). At the 10" quantile, when the exchange rate (USD/RMB)
is relatively low, the coefficient even becomes negative. This is especially topical for period
around year 2005, when China started to reform its exchange rate regime. Besides, the
market conditions were more stringent and transportation costs were higher than compared
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to situation in the recent years. At the quantiles above the 50™, the pass-through coefficient
becomes positive, and especially, the coeflicient gets closer to the value of one around the

75t quantile.

Table 8. Results of quantile regressions on the long-run exchange rate pass-through model

1-qlo 2-q25 3 -q50 4-q75 5-q90
Dependent var.
Inprice2 Inprice2 Inprice2 Inprice2 Inprice2
1.589" 1.442™" 1.082" 0.980"" 0.970™"
Inmarket
(0.022) (0.019) (0.034) (0.009) (0.011)
-1.836™" -0.530 0.549™ 1.030" 1.075"
Inchinal
(0.270) (0.351) (0.185) (0.119) (0.113)
-7.650"" -4.517"" -1.161" 0.193 0.418
cons
- (0.539) (0.679) (0.406) (0.216)
N 1016 1016 1016 1016 1016
33.590
F-test (0.000)

Notes: standard errors are given in parentheses; significance codes: “p < 0.05,  p < 0.01, ™ p < 0.001.

For sake of clarity, Figure 1 shows the change in the pass-through coefficient across all
the quantiles. This indicates that the pass-through coeflicient increases as the quantile order
goes up and keeps stable after 0.55 quantile. For the higher order quantiles, one can see the
pass-through coeflicient is about one, which implies complete pass-through. However, for the
lower quantiles, the pass-through coeflicients increase from negative values to positive ones.
Generally, the quantiles mostly coincide with the time trend, since the exchange rate of RMB
against the US dollar had been appreciating from 2005 to 2014. Therefore, one can conclude
that the pass-through coeflicient showed an upward trend for the period of 2004-2015. This

1.00
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Inchilnal
5
o

|

g
=
S
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0 0.2 0.4 0.6 0.8 1.0
Quantile

Figure 1. The pass-through coefficients from the quantile regressions of long-run equilibrium model



558 T. Zhang et al. Testing for complete pass-through of exchange rate without trade barriers

also implies that the gradual improvement of market conditions due to infrastructure devel-
opment and policy interventions has reduced trade costs along the time.

Table 9 presents the results of the short-run dynamic adjustment model across the five
quantiles based on the bootstrap approach. The results are more stable across different quan-
tiles if compared to the case of the co-integration model (Table 8). The coefficients of the
short-run adjustment term (errorl) are all negative and significant. The coefficients of the
pass-through of exchange rate vary across different quantiles, and the significances differ as
well. However, the F-test shows that one cannot reject the hypothesis that the pass-through
coefficients for the five quantiles are equal. Figure 2 shows the pass-through coeflicients
across all quantiles for the model. The pass-through coefficients are similar to the mean
value of some 1.50 across the quantiles, yet the divergence appears for the lowest and highest
quantiles. Obviously, some extreme observations influence the values of the estimates in the
critical quantiles. From the economic perspective, some extreme events may occur (such as
shock due to Bird Flu), which can lead to steep changes to import prices, but these factors
are not included into the model. However, it was showed that there was no asymmetry effect
and volatility effect in Sections 4.5 and 4.6. Thus, one cannot conclude that the differences of
pass-through coeflicients across quantiles are due to these two effects.

Table 9. Results of the quantile regressions on the short-run exchange rate pass-through model

1-ql0 2-q25 3-a50 4-q75 5-490
Inprice2d Inprice2d Inprice2d Inprice2d Inprice2d
-0.292""" -0.210"™" -0.109™" -0.104™" -0.161""
errorl
(0.051) (0.035) (0.029) (0.026) (0.049)
0.149 0.148™ 0.081 0.104 0.104
Inmarketd
(0.076) (0.044) (0.065) (0.071) (0.161)
1.303 1.618" 1.332" 1.111 1.741°
Inchinald
(0.790) (0.658) (0.404) (0.610) (0.808)
-0.290" -0.214" -0.149" -0.122" -0.092
Inprice2dl
(0.119) (0.097) (0.059) (0.056) (0.064)
-0.140™ -0.051"" 0.022 0.089™" 0.115™
cons
- (0.049) (0.019) (0.014) (0.010) (0.014)
N 1016 1016 1016 1016 1016
0.290
F-test (0.830)

Notes: standard errors are given in parentheses; significance codes: * p < 0.05, " p < 0.01, ™ p < 0.001.

The results of the quantile regression differ much with the results in Table 5, where the
pass-through coefficient was much lower and insignificant. Since the quantile regression is
implemented along with bootstrap of 100 replications, it is reasonable to assume its results
are more robust than the mean estimates in Table 5. Hence, it can be concluded that the
pass-through of exchange rate is significant and the transmission is approximately complete
in the short run.
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Figure 2. The pass-through coefficients from the quantile regression
of short-run dynamic adjustment model

Conclusions

Much of the previous literature argues that the pass-through of exchange rate is incomplete
due to imperfect market such as transaction costs and imperfect competition. By exploiting
the quasi-experimental environment in the case of food import to Hong Kong from the
Mainland China, this paper tests whether the complete pass-through of exchange rate occurs
when there are no transaction costs and competitive market exists. The results show that
the pass-through of exchange rate is complete in the long-run. Furthermore, disequilibrium
adjustment in the short-run was found. The same results are obtained after accounting for
the effects of the asymmetry and volatility. Consistent with theoretical reasoning, this pa-
per implies that competitive market environment without trade costs can induce complete
pass-through of exchange rate into import or export prices. The finding is consistent to the
phenomenon of the imported inflation where the large volatility of exchange rate triggers
fluctuations in import prices and, eventually, in consumer price index. For example, Hong
Kong heavily relies on food import from Mainland China. Therefore, steep depreciation of
local currency can induce severe imported inflation. As the low-income households show
higher shares of food expenditure in their consumption structure, the complete exchange
pass-through will definitely have higher impact on these households. Accordingly, concerns
on the welfare distribution across households should be taken into consideration when mak-
ing decisions on the exchange rate and setting the targets for the monetary policy. Besides,
the strong co-movement of exchange rate and price level can undermine macroeconomic
stability in general.

The framework used in this paper features certain limitations. This paper only consid-
ered the three main variables in the empirical model and ignored the other variables that
potentially have impact on the pass-through of exchange rate and the import price. These
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variables could be, e.g., macroeconomic variables like relative GDP and inflation level. Such
factors should be considered in the future research.
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