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Abstract  

This study reveals the hidden dynamics of USA-Germany international trade through a revised J-

curve hypothesis. It emphasizes the inadequacy of the traditional Bilateral Trade Balance (BTB) 

ratio based on total exports. To this aim, it introduces two new testing approaches based on 

adjusted bilateral trade balance: the GDP-driven-BTB-based J-curve hypothesis (GDPJ) and the 

Non-GDP-driven-BTB-based J-curve hypothesis (NGDPJ). The empirical findings advocate the 

necessity of these alternative tests, offering policymakers more informative results than the 

traditional approach. GDPJ is validated for 13 goods, while NGDPJ and traditional methods are 

validated for 10 and 8 goods. These results underscore the risks of solely relying on the traditional 

approach. By embracing the revised J-curve hypothesis and alternative BTBs, policymakers can 

gain deeper insights into the USA-Germany trade relationship. One interpretation is that, under 

Brexit, German consumers reduce their purchases of re-exported goods more than domestically 

produced goods from the US. 
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1. INTRODUCTION

 The J-curve hypothesis developed by Magee (1973), based on the expectation that a fall in the 

exchange rate or devaluation will worsen the bilateral trade balance first but will improve it over 

time, is one of the most studied topics in trade literature. The path followed by this effect resembles 

the letter J, and this hypothesis is known as the J-curve hypothesis in the literature. This hypothesis 

has been empirically tested using different methodologies for different countries, but findings have 

been mixed and were insufficient to prove this hypothesis. Although different econometric 

methods are used in these empirical studies, the common point of all these studies is that the 

bilateral trade balance (BTB) ratio, which is used as the dependent variable in the J-curve models, 

is defined based on total exports.    

1.1. The gap in the literature and proposed methodology 

Therefore, this study differs from all previous studies concerning this point for two reasons The 

first reason is that BTB defined by total exports may not give us sufficient information because it 

may mask the actual effects of exchange rate changes on the trade balance, considering that total 

export is the sum of domestic export1 and re-export2. We assume that appreciation and depreciation 

may affect the volumes of domestically produced goods exports differently from the volumes of 

re-exported goods that had been formerly imported. We then need to adjust and define two new 

BTBs based on domestic export and re-export. Let's assume that a product is produced in the USA 

(domestic export). In this case, only one exchange rate will be considered: between the US dollar 

and the Euro if the partner country is Germany. However, when dealing with re-exported goods, 

the influence of more than two exchange rates becomes relevant. Imagine that the USA imports a 

product from Mexico and then exports the same product to Germany. Although our study primarily 

examines the impact of the exchange rate between the USD and the Euro, the exchange rate 

between the USD and the Mexican Peso can also play a crucial role in determining whether the 

1 Domestic Exports are “goods grown, produced, or produced/manufactured in the United States, including goods 

imported from foreign countries that have been significantly modified in the United States or a Foreign Trade Area 

(ITA, 2021). 
2 Re-exports are goods produced in other economies and previously imported) that are exported with no substantial 

transformation from the state in where they were previously imported (IMF, 2015).         
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product is imported by the USA and subsequently exported to Germany. Consequently, 

fluctuations in the exchange rate between the USD and Mexican Peso could indirectly affect US 

exports to Germany. For example, in the GDPJ model (Table 1), the appreciation (APR) of the US 

dollar improves the bilateral trade balance of the USA for the 61-coded industries: clothing, 

accessories, knitting, and crochet. However, in the NGDPJ model (Table 2), the same exchange 

rate change worsens this balance for industries with the same code number 61. Another example 

is in the GDPJ model (Table 1), the appreciation (APR) of the US dollar improves the bilateral 

trade balance of the USA for 71-coded industries, pearls, precious stones, metals, coins, etc. 

However, in the NGDPJ (Table 2), the same exchange rate (APR) worsens this balance for the 

same industries.  Therefore, separating (decomposing) total export products into re-exported and 

domestically produced products may allow us to make a more accurate and sensitive analysis. 

 The second reason for departing from previous literature is that countries do not export only goods 

they produce (domestic export) but also export formerly imported goods (re-export). Because all 

previous studies implicitly assume that all products exported by the USA were produced within 

this country. Although the authors of these studies do not make such a claim, they use the bilateral 

trade balance ratio based on total exports in their models. 

 

 Therefore, this study fills the research gap on this subject within the framework of these two points 

above, where it differs from previous studies. These two main points of differentiation constitute 

the main contribution of this study to literature. Regarding the second point of differentiation 

above, although the authors do not make such a claim, all previous studies have implicitly and 

technically assumed that US exports are goods produced only in the USA in their models. 

However, re-export is a phenomenon that plays a vital role in the increasingly complex structure 

of world trade. 

 

For example, the share of re-exports in the USA’s total world exports is around 17.2%, with $275 

billion in 2021 (CB, 2022). The need to adjust and define these two new forms of BTBs, re-exports-

based BTB and domestic-exports-based BTB, besides the traditional form of BTB. Chart 1 shows 

the fluctuations of the re-exports (R), the domestic exports (D), and the total exports (T) based on 

the USA's exports to Germany.  
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                            Chart 1 R, D, and T 

 
            Source: This chart was created by the authors.   

            Note: Domestic exports (D), Re-exports (R), and Total-exports (T). 

 
  

This chart clearly illustrates a significant distinction in trends between re-export, domestic export, 

and total export. Consequently, this distinction emphasizes the need to redefine the bilateral trade 

balance (BTB) ratio as the dependent variable in international trade models. Therefore, these two 

new forms of BTBs will also allow us to define new alternative J-curve test approaches. At this 

point, we introduce and propose using the GDP-driven-BTB-based J-curve hypothesis 

(symbolized with GDPJ) testing and non-GDP-driven-BTB-based J-curve hypothesis (NGDPJ) 

testing, based on domestic-export-based BTB and re-exported-based BTB, respectively. We use 

GDP-based terminologies here because the former creates a GDP-driven economic activity related 

to the export of goods produced in the country, and the latter does not create such an economic 

factor for the export of goods produced abroad. 

This study applies the abovementioned methodology and retests the long-run asymmetric J-curve 

hypothesis for the US-German commodity trade. 

It should be noted that such an assumption was made in this study. International trade between two 

countries is much more than just trade between these two countries due to the multi-bilateral trade 

of these two countries with other countries. In fact, although this study examines the bilateral trade 

between the US and Germany, it indirectly considers the UK as a third country with Brexit in the 

evaluation phase of the results. For example, Gobbi and Lucarelli (2021) used Greece as a center 

country and found that the depreciated Euro against the USD increased the integration between 
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the German and Greek production structures in various industries, although these two countries 

use the same currency, the Euro. 

2. LITERATURE REVIEW 

The theoretical background of the J-curve hypothesis is based on the Marshall-Lerner3 (ML) 

condition developed by Alfred Marshall and Abba Lerner. The ML condition states that if the sum 

of the price elasticities of exports and imports (in absolute value) is greater than 1 (ex + em > 1), 

this country's central bank can devalue its domestic currency to increase exports and decrease 

imports to reduce trade deficits. Bano et al. (2014) used cointegration analysis for Pakistan and 

supported the ML condition. Lucy et al. (2015) utilized a vector error correction model (VECM) 

for Ghana and found evidence for ML condition for this country. Kurtovic et al. (2017) used the 

autoregressive distributed lag (ARDL) model for Serbia and supported the ML condition. Nakatani 

(2018) utilized panel regression analysis for Papua New Guinea and found that the ML condition 

is satisfied. Kashem et al. (2022) employed Bahmani-Oskooee and Hosny's (2013) approach for 

Australia and supported the ML condition for this country. However, Akoro and Sakyi (2019) used 

the ARDL model for Ghana and found no evidence for the ML condition. Trofimov (2023) used 

the ARDL model for the UK and found no support for the ML condition. Following Magee's 

(1973) seminal study demonstrating the J-curve pattern after the British Pound devaluation, many 

scholars have tested the J-curve and exchange rate volatilities on trade balances and export-imports 

figures for many countries using different methodologies. Some scholars have tested this 

hypothesis for the USA, with a group of countries, including Germany, or individually for 

Germany with aggregated or disaggregated trade data. However, the results of the few studies that 

take the USA as the center country and Germany as the partner country are mixed. For instance, 

Rose and Yellen (1989) used cointegration analysis and found a relationship between lagged real 

exchange rates and bilateral trade between the USA and Germany. However, they could not find 

evidence for the J-curve hypothesis. Shirvani and Wilbratte (1997) employed the multivariate 

cointegration analysis and found that depreciated USD improves the long-run trade balance of the 

USA with G-7 countries, including Germany. Bahmani-Oskooee and Brooks (1999) applied the 

linear ARDL (Autoregressive Distributed Lag) model and found no evidence of the J-curve 

hypothesis with its six trading partner countries, including Germany. Lucarelli et al. (2018) used 

 
3 For details on the instructions of the ML condition, refer to Bahmani et al. (2013) and Azevedo et al. (2024). 
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cointegration analysis and found evidence for an inverted J-curve effect between the USA and 

Germany. Bahmani-Oskooee and Fariditavana (2016) used the linear and nonlinear ARDL models 

for the USA’s six largest trading partners. They found that the nonlinear model supports the J-

curve hypothesis in all these countries, including Germany. Bahmani-Oskooee and Harvey (2019) 

employed the linear and nonlinear models for the USA’s 12 partner countries and found no 

evidence for the J-curve hypothesis for Germany. Cheng (2020) employed the linear ARDL model 

and found no short-run and long-run effects of the exchange rate on service trade with Germany. 

Bahmani-Oskooee et al. (2020) used linear and nonlinear models for 67 industries between the 

USA and Germany. They found that real dollar-euro volatility has long-run asymmetric effects for 

19 industries. Bahmani-Oskooee and Nouira (2021) used the linear and nonlinear ARDL models 

for 59 industries traded between the USA and Germany. They found evidence for the J-curve only 

for 18 industries. Bahmani-Oskooee and Karamelikli (2023) employed linear and nonlinear ARDL 

models for the USA’s service trade and found that the nonlinear model supports the asymmetric 

J-curve hypothesis for Germany. 

 

However, apart from the econometric methods applied and aggregated or disaggregated trade data 

used, the bilateral trade balance dependent variable was used in the traditional form in the relevant 

literature, including the studies presented above. Therefore, the following section presents the 

methodology proposed by this study with its empirical model.  

 

3. EMPIRICAL MODEL AND METHODOLOGY 

The J-curve testing literature has two main approaches: the linear one by Rose and Yellen (1989) 

and the nonlinear one by Bahmani-Oskooee and Fariditavana (2016). In the linear approach, it is 

expected that while depreciation will improve the bilateral trade balance, appreciation will worsen 

it, implying an asymmetric relationship. However, according to the nonlinear approach, this 

expected relationship may be nonlinear (asymmetric), which means that while depreciation can 

worsen this balance, appreciation improves it unexpectedly. In this study, we will rely on the 

nonlinear approach. This approach is based on the Nonlinear Autoregressive Distributed Lag 

(NARDL) model introduced by Shin et al. (2014). This one-equation error correction model allows 

asymmetry concerning positive and negative changes in the model's explanatory variable (s). 

Before applying the NARDL model with our methodology proposed in this study, we present the 
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following reduced form long-run specification, assuming that the bilateral trade balance between 

the USA and Germany will be determined by both countries' income and the bilateral real exchange 

rate between USD and the EUR. We also add the Brexit4 process in this specification since this 

process, as a game-changer variable, may not affect only the bilateral trade between the UK and 

EU but also between the USA and Germany, albeit indirectly. Therefore, this study is based the 

assumption We name this model below as the traditional J-curve hypothesis testing model since 

its dependent variable (
𝑋𝑈𝑆−𝐺𝐸𝑅

𝑀𝑈𝑆−𝐺𝐸𝑅
) was constructed on US total exports (𝑋𝑈𝑆−𝐺𝐸𝑅) to Germany over 

US imports from Germany (𝑀𝑈𝑆−𝐺𝐸𝑅) since 𝑋 and 𝑀 represent total exports and imports, 

respectively. 

  
                                                                                             

𝑋𝑈𝑆−𝐺𝐸𝑅

𝑀𝑈𝑆−𝐺𝐸𝑅
 = 𝛼0 + 𝛼1𝑌𝑈𝑆𝑡

+ 𝛼2𝑌𝐺𝐸𝑅𝑡
+ 𝛼3𝑅𝐸𝑋𝐸𝑈𝑅−𝑈𝑆𝐷𝑡

+ 𝛼4𝐷𝐵𝑟𝑒𝑥𝑖𝑡𝑡
+  𝜀𝑡                     (1) 

 

However, US total exports to Germany (𝑋𝑈𝑆−𝐺𝐸𝑅) are the sum of US domestic exports (𝑋𝑈𝑆−𝐺𝐸𝑅
𝐷 ) 

and US re-exports (𝑋𝑈𝑆−𝑈𝐾
𝑅 ) to this country since D and R are the first letters of domestic and re-

exports. Hence, we can create two new bilateral trade balance dependent variables, i.e.,  
𝑋𝑈𝑆−𝐺𝐸𝑅

𝐷

𝑀𝑈𝑆−𝐺𝐸𝑅
  

and 
 𝑋𝑈𝑆−𝐺𝐸𝑅

𝑅

   𝑀𝑈𝑆−𝐺𝐸𝑅
  derived from 

𝑋𝑈𝑆−𝐺𝐸𝑅

𝑀𝑈𝑆−𝐺𝐸𝑅
. 

Hence, following the model in Eqn.1, we will transform this model into our proposed 

methodological form with two new forms of bilateral trade balances (BTBs) in Eqn. 2. These two 

BTBs will allow us to retest the traditional asymmetric J-curve hypothesis by replacing 
𝑋𝑈𝑆−𝐺𝐸𝑅

𝑀𝑈𝑆−𝐺𝐸𝑅
 

with its alternative J-curve testing approaches as GDP-driven-BTB-based J-curve hypothesis 

(GDPJ) testing by 
𝑋𝑈𝑆−𝐺𝐸𝑅

𝐷

𝑀𝑈𝑆−𝐺𝐸𝑅
 and as non-GDP-driven-BTB-based J-curve hypothesis (NGDPJ) 

testing by 
 𝑋𝑈𝑆−𝐺𝐸𝑅

𝑅

   𝑀𝑈𝑆−𝐺𝐸𝑅
: 

                                                                                                        

 
4 Brexit is the abbreviation and combination of two words, “Britain” and “exit’. It refers to the withdrawal of the 

United Kingdom from the European Union.  
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𝑋𝑈𝑆−𝐺𝐸𝑅

𝑀𝑈𝑆−𝐺𝐸𝑅
 =

𝑋𝑈𝑆−𝐺𝐸𝑅
𝐷

𝑀𝑈𝑆−𝐺𝐸𝑅
+

 𝑋𝑈𝑆−𝐺𝐸𝑅
𝑅

   𝑀𝑈𝑆−𝐺𝐸𝑅
= 𝛼0 + 𝛼1𝑌𝑈𝑆𝑡

+ 𝛼2𝑌𝐺𝐸𝑅𝑡
+ 𝛼3𝑅𝐸𝑋𝐸𝑈𝑅−𝑈𝑆𝐷𝑡

+ 𝛼4𝐷𝐵𝑟𝑒𝑥𝑖𝑡𝑡
+ 𝜀𝑡          (2) 

 

One more time, 
𝑋𝑈𝑆−𝐺𝐸𝑅

𝐷

𝑀𝑈𝑆−𝐺𝐸𝑅
,  

 𝑋𝑈𝑆−𝐺𝐸𝑅
𝑅

   𝑀𝑈𝑆−𝐺𝐸𝑅
 , and 

𝑋𝑈𝑆−𝐺𝐸𝑅

𝑀𝑈𝑆−𝐺𝐸𝑅
 are domestic exports-based BTB, re-exports-

based BTB, and total exports-based BTB (named as traditional BTB in this study). 𝑌𝑈𝑆 and 𝑌𝐺𝐸𝑅 

are incomes of the USA and Germany, respectively. The industrial production index (IPI) is used 

for both US and German monthly income. 𝑅𝐸𝑋𝐸𝑈𝑅−𝑈𝑆𝐷 is the real exchange rate between the USD 

and the Euro (EUR). 𝑅𝐸𝑋𝐸𝑈𝑅−𝑈𝑆𝐷 = 
(𝑁𝐸𝑋∗𝐶𝑃𝐼𝐺𝐸𝑅)

𝐶𝑃𝐼𝑈𝑆
 since 𝑁𝐸𝑋 is  the nominal exchange rate of both 

currencies as units of USD per EUR. 𝐷𝐵𝑟𝑒𝑥𝑖𝑡 is a dummy variable for the Brexit period. Expected 

signs of independent variables are as follows: 𝛼1 is negative since a rise in US income will increase 

imports from Germany, causing these three BTBs to worsen. 𝛼2 is positive since a rise in German 

income will increase US exports to Germany which will improve these three BTBs. 𝛼3 is positive 

since depreciated USD (increase in REX) will increase US exports to Germany resulting in 

improving all three BTBs. Lastly, 𝐷𝐵𝑟𝑒𝑥𝑖𝑡 is either positive or negative, i.e., it may improve or 

worsen BTBs. It should be noted that we will not use and analyze the model in Eqn. 2 for the 

study’s further step models. The only reason for presenting this model is to show the new empirical 

methodology of this study clearly and visually. We will analyze three models separately for each 

dependent variable 
𝑋𝑈𝑆−𝐺𝐸𝑅

𝐷

𝑀𝑈𝑆−𝐺𝐸𝑅
,  

 𝑋𝑈𝑆−𝐺𝐸𝑅
𝑅

   𝑀𝑈𝑆−𝐺𝐸𝑅
 , and 

𝑋𝑈𝑆−𝐺𝐸𝑅

𝑀𝑈𝑆−𝐺𝐸𝑅
. In this study, 39 Harmonized System (HS) 

coded goods are used, which are traded between the USA and Germany. We lost some goods due 

to unavailable or non-regular data concerning them. Monthly flows of goods between 2002M1-

2021M12 are from the US Census Bureau (CB, 2022), while nominal exchange rates, CPI, and IPI 

indices from St. Louis Federal Reserve (FED, 2022).  

To apply the NARDL model, we decompose the real exchange (REX) rate into its depreciation 

(DEP) and appreciation (APR) through the partial sum process as 𝐷𝐸𝑃𝑡 = ∑ ∆𝑅𝐸𝑋𝐸𝑈𝑅−𝑈𝑆𝐷𝑘

+𝑡
𝑘=1 =

∑ max(∆𝑅𝐸𝑋𝐸𝑈𝑅−𝑈𝑆𝐷𝑘
, 0)𝑡

𝑘=1  and 𝐴𝑃𝑅𝑡 = ∑ ∆𝑅𝐸𝑋𝐸𝑈𝑅−𝑈𝑆𝐷𝑘

−𝑡
𝑘=1 = ∑ min(∆𝑅𝐸𝑋𝐸𝑈𝑅−𝑈𝑆𝐷𝑘

, 0).𝑡
𝑘=1   

Hence, we replace 𝑅𝐸𝑋 with 𝐷𝐸𝑃 and APR and re-write the model in Eqn. 1 in the following 

nonlinear form model. TBTB represents the three models constructed on 
𝑋𝑈𝑆−𝐺𝐸𝑅

𝐷

𝑀𝑈𝑆−𝐺𝐸𝑅
,  

 𝑋𝑈𝑆−𝐺𝐸𝑅
𝑅

   𝑀𝑈𝑆−𝐺𝐸𝑅
 , and 

𝑋𝑈𝑆−𝐺𝐸𝑅

𝑀𝑈𝑆−𝐺𝐸𝑅
.  
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∆𝑇𝐵𝑇𝐵𝑈𝑆_𝐺𝐸𝑅𝑡

= 𝛼0 + 𝛼1𝑇𝐵𝑇𝐵𝑈𝑆_𝐺𝐸𝑅𝑡−1
+ 𝛼2𝑌𝑈𝑆𝑡−1

+ 𝛼3𝑌𝐺𝐸𝑅𝑡−1
+ 𝛼4𝐷𝐸𝑃𝑡−1 + 𝛼5𝐴𝑃𝑅𝑡−1

+ 𝛼6𝐷𝐵𝑟𝑒𝑥𝑖𝑡𝑡−1
+ ∑ 𝛼7𝑘

𝑝1

𝑘=1

∆𝑇𝐵𝑇𝐵𝑈𝑆_𝐺𝐸𝑅𝑡−𝑘
+ ∑ 𝛼8𝑘

𝑝2

𝑘=0

∆𝑌𝑈𝑆𝑡−𝑘
+ ∑ 𝛼9𝑘

𝑝3

𝑘=0

∆𝑌𝐺𝐸𝑅𝑡−𝑘

+ ∑ 𝛼10𝑘

𝑝4

𝑘=0

𝐷𝐸𝑃𝑡−𝑘 + ∑ 𝛼11𝑘

𝑝5

𝑘=0

𝐴𝑃𝑅𝑡−𝑘 + ∑ 𝛼12𝑘

𝑝6

𝑘=0

𝐷𝐵𝑟𝑒𝑥𝑖𝑡 + 𝜀𝑡                      (3) 

                                                                             
    

Where 𝑝𝑖 are optimal lag length values. In Eqn. 3, normalized long-run coefficients are obtained 

through 𝑌𝑈𝑆𝑡
= −𝛼2/𝛼1, 𝑌𝐺𝐸𝑅𝑡

= −𝛼3/𝛼1, 𝐷𝐸𝑃𝑡 = −𝛼4/𝛼1, 𝐴𝑃𝑅𝑡 = −𝛼5/𝛼1 and 𝐷𝐵𝑟𝑒𝑥𝑖𝑡𝑡
=

−𝛼6/𝛼1, respectively. When determining long-run impacts of changes in income, 𝐷𝐸𝑃𝑡 , 𝐴𝑃𝑅𝑡 

and Brexit process on 𝑇𝐵𝑇𝐵𝑈𝑆_𝐺𝐸𝑅𝑡
, we check the signs and significances of these normalized 

coefficients. We decide the long-run asymmetry by the Wald test (𝑊𝐿𝑅) through testing
−𝛼4

𝛼1
=

−𝛼5

𝛼1
. 

The null hypothesis of the Wald test is symmetry. When validating the long-run asymmetric J-

curve hypothesis, we, first, seek cointegration relationships by either the 𝐹 test by Pesaran, Shin 

and Smith (2001) or the 𝐸𝐶𝑀𝑡−1, test. Secondly, estimates of either −𝛼4/𝛼1 (𝐷𝐸𝑃) or −𝛼5/𝛼1 

(𝐴𝑃𝑅) or both are expected to be significant and positive (Bahmani-Oskooee and Fariditavana, 

2016).  This study performs the long-run asymmetric J-curve hypothesis to guide long-term trade 

policies. Therefore, we report test results and diagnostics only for the long run.  

  

4. EMPIRICAL FINDINGS 

Tables 1, 2, and 3 report coefficients and diagnostics of the normalized long-run NARDL model 

for the proposed alternative J-curve testing approaches, i.e., the GDP-driven-BTB-based J-curve 

hypothesis (GDPJ) testing and the Non-GDP-driven-BTB-based J-curve hypothesis (NGDPJ) 

testing, besides total-export-BTB-based J-curve hypothesis (TJ) testing, based on domestic 

exports-based bilateral trade balance  (
𝑋𝑈𝑆−𝐺𝐸𝑅

𝐷

𝑀𝑈𝑆−𝐺𝐸𝑅
 ), re-exports-based bilateral trade balance 

(
 𝑋𝑈𝑆−𝐺𝐸𝑅

𝑅

   𝑀𝑈𝑆−𝐺𝐸𝑅
), and total exports-based (

𝑋𝑈𝑆−𝐺𝐸𝑅

𝑀𝑈𝑆−𝐺𝐸𝑅
). Table 5, Section A presents the codes of the goods 

that have long-run asymmetric effects5, supported by the long-run Wald test (𝑊𝐿𝑅) reported in 

 
5 For the asymmetric effect, refer to Bahmani-Oskooee et al. (2019), Bahmani-Oskooee and Nouira (2021) and see 

the explanation following Table 5 for sample goods codes 28 and 29. 

https://www-sciencedirect-com.ezproxy.lib.usf.edu/science/article/pii/S0939362520300868#!
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Tables 1, 2, and 3. Section B presents the codes of the goods that support the long-run asymmetric 

J-curve hypothesis for GDPJ, NGDPJ, and TJ. If a good in Tables 1, 2, and 3 does not exhibit a 

cointegration relationship, we won't be able to proceed with further analysis for J-curve hypothesis 

testing. Tables 4 and 5 are obtained from Tables 1, 2, and 3.
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TABLE 1 The nonlinear ARDL model estimation results (normalized long-run coefficient for GDPJ) 
 𝑪𝒐𝒏𝒔𝒕. 𝒀𝑼𝑺 𝒀𝑮𝑬𝑹 𝑫𝑬𝑷 𝑨𝑷𝑹 𝑫𝑩𝒓𝒆𝒙𝒊𝒕 𝑹̅𝟐 𝑩𝑮 𝑩𝑷 𝑹𝑹 𝑵𝑶𝑹  𝑭𝑷𝑺𝑺 𝑬𝑪𝑻𝒕−𝟏 𝑪 𝑪𝟐 𝑾𝑳𝑹 𝑱 𝑪𝒖𝒓𝒗𝒆 

28 Inorg chem; prec, rare-earth met, 

radioact compd 
0.05 

[0.02] 

-0.68  

[0.5] 

0.47 

[0.44] 

0.62 

[1.66]*** 

0.72  

[2.27]** 

0.24  

[1.99]** 
0.44 1.72 12.12 1.18 0.99** 14.88* 

-0.77  

[8.6]* 
S S 0.67 YES 

29 Organic chemicals 
-6.61 

[0.69] 

-1.69  

[0.45] 

3.29 

[1.18] 

-3.28 

[2.37]** 

-2.32 

[2.02] ** 

0.25 

[1.82]*** 
0.57 0.49 25.79 0.51 0.98* 4.83** 

-0.35 

[3.98]*** 
S S 5.65**  

30 Pharmaceutical products 
-1325.60 

[0.07] 

251.26 

[0.07] 

46.76 

[0.08] 

-41.35 

[0.07] 

-13.92 

[0.06] 

0.06 

[0.59] 
0.33 0.05 20.5 1.01 0.99** 1.59 

-0.004 

[0.07] 
S S 0.006  

32 Tanning & dye ext; dye, paint, 

putty; inks 
-5.55 

[0.76] 

-0.43 

 [0.16] 

1.55 

[0.75] 

0.31 

[0.39] 

0.76 

[1.15] 

-0.04 

[0.74] 
0.26 0.47 14.3 4.28** 0.99 3.71 

-0.19 

[3.73]*** 
S S 2.58  

33 Essential oils; perfumery, cosmetic 

preps 
-1.74 

[0.41] 

-0.96  

[0.61] 

1.35 

[1.04] 

0.93 

[2.02]** 

1.14 

[3.17]* 

0.01 

[0.19] 
0.41 0.27 54.05 0.25 0.99 5.10** 

-0.38 

[3.95]*** 
S S 1.11 YES 

35 Albuminoidal subst; modified 

starch; glue; enzymes 
1.45 

[0.41] 

1.04 

 [0.7] 

-1.66 

[1.3] 

1.66 

[3.74]* 

1.12 

[3.26]* 

-0.28 

[3.24]* 
0.48 1.7 44.20** 9.49* 1 6.69* 

-0.55 

[5.49]* 
S S 10.89* YES 

37 Photographic or cinematographic 

goods 
36.89 

[3.04]* 

-7.95  

[1.9]*** 

-0.39 

[0.13] 

2.06 

[1.52] 

1.63  

[1.47] 

-0.18 

[1.65] 
0.32 1.37 24.82 1.39 1 3.19 

-0.22 

[3.34] 
S S 1.12  

38 Miscellaneous chemical products 
-1.27 

[0.59] 

-1.15  

[1.52] 

1.55 

[2.74]* 

-0.37 

[1.49] 

-0.09 

[0.44] 

0.13 

[2.7]* 
0.5 2.83*** 21.17 0.4 0.99 12.12* 

-0.59 

[7.54]* 
U S 12.67*  

39 Plastics and articles thereof 
24.50 

[0.94] 

-17.66 

[0.92] 

12.51 

[0.87] 

-1.21 

[0.47] 

-0.35 

[0.22] 

-0.03 

[0.88] 
0.44 0.06 27.71 0.32 1 3.12 

0.07 

[0.74] 
U S 0.63  

40 Rubber and articles thereof 
-1.17 

[0.23] 

-2.85 

[1.44] 

3.05 

[1.96]*** 

-1.03 

[1.71]*** 

-0.44 

[0.87] 

0.09 

[1.54] 
0.27 0.008 15.25 0.66 0.99** 2.87 

-0.23 

[3.56] 
S S 9.33*  

42 Leather art; saddlery; handbags; gut 

art 
-8.46 

[2.55]** 

-0.28 

[0.23] 

2.01 

[2.13]** 

-0.007 

[0.02] 

0.42 

[1.27] 

-0.18 

[1.6] 
0.49 0.87 18.53 0.2 0.97* 15.94* 

-0.80 

[8.81]* 
S S 10.91*  

44 Wood and articles of wood; wood 

charcoal 
23.46 

[1.66]*** 

-11.47 

[2.15]** 

6.05 

[1.45] 

3.72 

[2.45]** 

4.03 

[2.99]* 

-0.11 

[1.09] 
0.1 2.17 8.22 0.04 0.99 3.46 

-0.14 

[3.71]*** 
S S 0.37 YES 

48 Paper & paperboard & articles  
0.89 

[0.34] 

-0.99 

[0.99] 

0.31 

[0.4] 

1.78 

[5.92]* 

1.42 

[5.61]* 

-0.14 

[2.7]* 
0.31 1.29 13.29 0.08 1 10.18* 

-0.43 

[6.86]* 
S S 14.03* YES 

49 Printed books, newspapers, 

manuscripts 
-1.41 

[0.43] 

-0.39 

[0.31] 

0.63 

[0.65] 

0.08 

[0.24] 

0.31 

[1.07] 

0.33 

[2.73]* 
0.42 2.68 26.39* 4.75** 0.97* 17.26* 

-0.81 

[9.29]* 
S U 3.85***  

56 Wadding, felt; sp yarn; twine, ropes 

etc. 
8.40 

[1.94]*** 

-4.51 

[2.64]* 

2.58 

[2.07] ** 

0.60 

[1.13] 

0.96 

[2.15]** 

-0.05 

[0.64] 
0.37 1.91 20.65 0.41 0.94 5.05** 

-0.41 

[4.95]* 
S U 4.10 ** YES 

61 Apparel articles, accessories, knit, 

crochet 
-46.64 

[1.45] 

5.95 

[0.74] 

4.12 

[0.75] 

5.74 

[2.3]** 

6.78 

[2.7]* 

0.18 

[1.48] 
0.35 0.01 39.69 *** 2.18 1 4.00*** 

-0.14 

[1.97] 
S S 0.98 YES 

62 Apparel articles and accessories 
-0.10 

[0.005] 

12.41 

[1.07] 

-13.42 

[1.29] 

8.88 

[2.14]** 

6.53 

[2.02]** 

-0.29 

[1.8]*** 
0.5 0.55 45.71 0.11 0.99 3.02 

-0.19 

[1.83] 
S S 4.22 **  

63 Textile art nesoi; needlecraft sets; 

worn text art 
1.43 

[0.27] 

1.12 

[0.56] 

-1.82 

[1.21] 

1.22 

 [1.9]*** 

0.26 

[0.51] 

-0.24 

[2.22]** 
0.36 1.99 13.62 0.04 0.99 10.99* 

-0.53 

[6.84]* 
S S 21.27* YES 

65 Headgear and parts thereof 
12.69 

[1.7]*** 

-2.59 

[0.86] 

-0.36 

[0.16] 

2.02 

[2.2]** 

1.73 

[2.25]** 

-0.35 

[1.7]*** 
0.43 0.01 10.78 0.0006 1 6.63* 

-0.67 

[5.64]* 
S S 0.86 YES 

68 Art of stone, plaster, cement, 

asbestos, mica 
-18.16 

[1.44] 

3.89 

[0.86] 

-0.43 

[0.15] 

3.01 

[2.43]** 

2.01 

[1.87]*** 

-0.003 

[0.04] 
0.52 0.16 33.28 3.35*** 1 2.75 

-0.20 

[2.12] 
S S 7.58*  

69 Ceramic products 
15.10 

[1.53] 

-3.62  

[0.86] 

0.10  

[0.03] 

-0.51 

[0.4] 

-1.09 

[1.07] 

-0.04 

 [0.48] 
0.3 0.29 29.48 0.04 0.98 ** 2.07 

-0.21  

[2.9] 
S U 1.8  
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TABLE 1 The nonlinear ARDL model estimation results (normalized long-run coefficient for GDPJ, continue) 
 𝑪𝒐𝒏𝒔𝒕. 𝒀𝑼𝑺 𝒀𝑮𝑬𝑹 𝑫𝑬𝑷 𝑨𝑷𝑹 𝑫𝑩𝒓𝒆𝒙𝒊𝒕 𝑹̅𝟐 𝑩𝑮 𝑩𝑷 𝑹𝑹 𝑵𝑶𝑹  𝑭𝑷𝑺𝑺 𝑬𝑪𝑻𝒕−𝟏 𝑪 𝑪𝟐 𝑾𝑳𝑹 𝑱 𝑪𝒖𝒓𝒗𝒆 

70 Glass and glassware 
-3.98 

[2.98]* 

-1.31 

[2.42]** 

2.21 

[5.25]* 

-0.66 

[3.6]* 

-0.67 

[4.42]* 

0.02 

[0.36] 
0.53 4.77** 36.06 0.004 0.99 6.32* 

-0.78 

[5.06]* 
S S 0.03  

71 Nat pearls, prec stones, pr met; coin 
-3.35 

[0.82] 

-0.66 

[0.45] 

1.31 

[1.14] 

1.09 

[2.16]** 

1.20 

[2.95]* 

-0.05 

[0.4] 
0.51 0.007 38.48** 3.16 *** 0.99 *** 5.19** 

-0.66 

[4.38]** 
S S 0.41 YES 

73 Articles of iron or steel 
6.89 

[2.42]** 

-2.85 

[2.78]* 

0.98 

[1.27] 

-0.42 

[1.33] 

-0.48 

[1.78]*** 
0.10 [1.6] 0.51 0.06 20.35 0.003 0.99 6.84* 

-0.49 

[5.59]* 
S S 0.31  

76 Aluminum and articles thereof 
5.53 

[0.44] 

-0.86 

[0.18] 

-0.90 

[0.22] 

1.13 

[0.76] 

0.51 

[0.42] 

-0.04 

[0.57] 
0.25 0.67 21.02 0.29 0.99 0.96 

-0.11 

[2] 
S S 1.38  

82 Tools, cutlery etc. of base metal, 

parts thereof 
5.68 

[1.63] 

-3.19 

[2.58]** 

1.71 

[1.71]*** 

0.46 

[1.25] 

0.80 

[2.56]** 

0.02 

[0.45] 
0.32 1.92 17.4 0.05 1 3.79*** 

-0.31 

[3.71]*** 
S S 6.80* YES 

83 Miscellaneous articles of metals 
4.03 

[1.14] 

-1.98 

[1.42] 

0.80 

[0.74] 

-1.26 

[2.56]** 

-1.40 

[3.33]* 

-0.11 

[2.01] ** 
0.4 0.008 38.47** 12.72* 0.99** 2.58 

-0.34 

[3.07] 
S S 0.85  

84 Nuclear reactors, boilers, 

machinery; parts 
3.91 

[1.64] 

-3.07 

[3.15]* 

2.06 

[2.67]* 

-0.95 

[2.86]* 

-0.47 

[1.73]*** 
0.04 [1.4] 0.27 6.78* 17.85 0.09 0.99 4.55** 

-0.27 

[4.05]** 
S S 24.20*  

85 Electric machinery; sound equip; tv 
1.00 

[0.13] 

5.27 

[0.89] 

-5.69 

[1.01] 

-1.18 

[1.03] 

-1.45 

[1.08] 

-0.08 

[2.42] ** 
0.38 0.01 17.13 0.99 0.99 3.09 -0.09 [1.3] U U 0.18  

87 Vehicles, except railway, tramway 
-32.71 

[1.27] 

-8.83 

[1.58] 

16.53 

[2.02]** 

-3.86 

[1.24] 

-1.58 

[0.81] 

0.28 

[2.98]* 
0.42 11.50* 39.28 0.06 1 4.27*** 

-0.13 

[1.88] 
S S 2.80***  

88 Aircraft, spacecraft, parts thereof 
29.96 

[0.64] 

-30.86 

[1.07] 

26.79 

[1.09] 

-14.74 

[0.78] 

-9.60 

[0.7] 

0.52 

[2.15]** 
0.42 2.88*** 20.76 0.09 0.99 ** 3.11 

-0.13 

[1.06] 
S S 0.97  

90 Optic, photo, medic or surgical inst. 
0.68 

[0.34] 

-0.09 

[0.12] 

-0.18 

[0.32] 

0.24 

[1.06] 

0.31 

[1.77]*** 

-0.02 

[0.74] 
0.51 1.65 30.47 0.24 0.99 2.43 

-0.38 

[2.58] 
U U 0.95  

91 Clocks, watches and parts thereof 
14.42 

[2.47]** 

-7.14 

[3.26] * 

3.52 

[2.09]** 

0.29 

[0.46] 

0.38 

[0.73] 

-0.07 

[0.34] 
0.46 1.05 20.56 1.27 1 17.61* 

-0.81 

[9.32]* 
S S 0.19  

92 Musical instruments; parts 

accessories thereof 
14.86 

[1.89]*** 

-3.81 

[1.53] 

0.38 

[0.18] 

1.24 

[1.56] 

0.73 

[1.12] 

-0.08 

[0.84] 
0.51 2.77*** 36.5 3.02*** 0.98* 2.66 

-0.36 

[2.04] 
S S 3.84***  

93 Arms and ammunition; parts 

accessories thereof 
-7.42 

[1.53] 

-0.65 

[0.37] 

2.25 

[1.72]*** 

-1.98 

[3.87]* 

-1.37 

[3.17]* 

0.37 

[1.75]*** 
0.5 0.69 17.23 3.35*** 0.95 20.42* 

-1.11 

[9.91]* 
S S 12.86*  

94 Furniture; bedding; lamps nesoi 
22.99 

[3.59]* 

-8.04 

[3.51]* 

2.68 

[1.92]*** 

1.33 

[2.31]** 

1.54 

[3.08]* 

0.09 

[1.18] 
0.44 0.49 27.76 0.85 0.99*** 6.38* 

-0.40 

[4.14]** 
S S 1.4 YES 

95 Toys, games, sport equipment; 

parts, accessories 

0.75 

[0.1] 

3.85 

[1.07] 

-4.39 

[1.42] 

2.67 

[2.06]** 

2.04 

[1.98]** 

0.07 

[0.72] 
0.4 0.0005 52.27* 0.1 0.99*** 2.01 

-0.29 

[2.21] 
S S 2.91***  

96 Miscellaneous manuf. articles 
1.05 

[0.37] 

-2.38 

[2.1]** 

1.68 

[2.02]** 

0.73 

[2.08]** 

0.25 

[0.86] 

-0.007 

[0.08] 
0.43 0.19 24.17 0.001 0.99 14.36* 

-0.73 

[8.41]* 
S U 16.75 * YES 

97 Works of art, collectors' pieces, ant. 
4.84 

[0.37] 

-0.11 

[0.02] 

-1.31 

[0.32] 

0.88 

[0.51] 

0.48  

[0.34] 

-0.14 

[0.51] 
0.51 0.15 28.28 0.56 0.99 1.75 

-0.48 

[2.67] 
S S 0.58  
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TABLE 2 The nonlinear ARDL model estimation results (normalized long-run coefficient for NGDPJ) 
 𝑪𝒐𝒏𝒔𝒕. 𝒀𝑼𝑺 𝒀𝑮𝑬𝑹 𝑫𝑬𝑷 𝑨𝑷𝑹 𝑫𝑩𝒓𝒆𝒙𝒊𝒕 𝑹̅𝟐 𝑩𝑮 𝑩𝑷 𝑹𝑹 𝑵𝑶𝑹  𝑭𝑷𝑺𝑺 𝑬𝑪𝑻𝒕−𝟏 𝑪 𝑪𝟐 𝑾𝑳𝑹 𝑱 𝑪𝒖𝒓𝒗𝒆 

28 Inorg chem; prec, rare-earth met, 

radioact compd 

5.46 

[0.26] 

-0.84 

[0.11] 

-1.26 

[0.21] 

-7.12 

[2.66]* 

-8.14 

[3.72]* 

-0.50 

[1.3] 
0.41 0.11 27.89 1.08 0.97* 3.83*** 

-0.43 

[4.21]** 
S U 1.54  

29 Organic chemicals 
0.21 

[0.008] 

-4.06 

[0.42] 

2.84 

[0.39] 

0.92 

[0.29] 

0.59 

[0.22] 

0.21 

[0.47] 
0.43 1.09 46.66* 2.48 0.96 2.98 

-0.41 
[3.76]*** 

S U 0.11  

30 Pharmaceutical products 
-2.38 

[0.12] 

4.72 

[0.66] 

-5.80 

[1.02] 

-1.13 

[0.43] 

-3.64 

[1.71]*** 

0.01 

[0.05] 
0.36 0.05 29.22 2.39 0.96 4.89** 

-0.33 

[4.37] ** 
S U 9.51*  

32 Tanning & dye ext; dye, paint, 

putty; inks 

15.16 

[1.05] 

-15.22 

[2.88]* 

11.33 

[2.69]* 

-5.09 

[3.26]* 

-4.35 

[3.32]* 

0.24 

[0.98] 
0.35 0.38 25.13 0.03 0.98* 5.56** 

-0.41 

[4.98]* 
U U 1.93  

33 Essential oils; perfumery, cosmetic  
13.22 

[1.17] 

0.27 

[0.06] 

-4.24 

[1.08] 

-0.32 

[0.21] 

-1.35 

[1.07] 

-0.25 

[1.17] 
0.38 0.75 47.28* 1.53 0.97 2.75 

-0.44 

[3.3] 
S U 4.12**  

35 Albuminoidal subst; modified 

starch; glue; enzymes 

35.85 

[1.75]*** 

-13.76 

[1.78]*** 

5.22 

[0.9] 

-2.34 

[1.11] 

-2.85 

[1.59] 

-0.13 

[0.54] 
0.34 0.16 35.23* 5.01 ** 0.97* 3.96*** 

-0.28 

[4.18]** 
S U 0.51  

37 Photographic or cinematographic 

goods 

-36.17 

[4.55]* 

5.41 

[1.77] *** 

1.84 

[0.75] 

-1.04 

[1.16] 

-0.58 

[0.78] 

0.42 

[1.8]*** 
0.46 0.02 17.9 1.36 0.99 9.01* 

-0.67 

[6.59]* 
S U 2.21  

38 Miscellaneous chemical products 
-2.69 

[0.37] 

-4.33 

[1.66]*** 

4.15 

[2.4]** 

1.86 

[2.44]** 

1.64 

[2.54]** 

0.05 

[0.3] 
0.39 0.13 97.69 1.71 0.98* 5.04** 

-0.63 

[4.76]* 
S U 0.79 YES 

39 Plastics and articles thereof 
0.75 

[0.22] 

-0.38 

[0.32] 

-0.89 

[1.09] 

0.71 

 [2.1]** 

0.04 

[0.13] 

-0.21 

[3.04]* 
0.41 1.23 44.68*** 0.78 0.99 10.60* 

-0.57 

[7.14]* 
S S 33.45* YES 

40 Rubber and articles thereof 
2.33 

[0.18] 

8.38 

[1.68]*** 

-10.09 

[2.56]** 

-1.80 

[1.18] 

-3.10 

[2.4]** 

-0.23 

[1.88]*** 
0.27 0.07 26.35 3.55*** 0.99*** 5.54** 

-0.23 

[4.44]** 
S U 5.45**  

42 Leather art; saddlery; handbags; gut  
-25.83 

[2.91]* 

4.77 

[1.39] 

0.36 

[0.14] 

-0.32 

[0.29] 

-0.83 

[0.91] 

-0.21 

[1.33] 
0.42 1.01 18.41 0.004 0.99 4.17*** 

-0.40 

[4.22]** 
S S 1.92  

44 Wood and articles of wood; wood  
12.69 

[0.68] 

-11.07 

[1.61] 

6.72 

[1.23] 

4.90 

[2.31]** 

4.24 

[2.29]** 

-0.50 

[1.66]*** 
0.44 0.1 15.51 0.58 0.99** 4.12*** 

-0.32 
[3.86]*** 

S S 0.97 YES 

48 Paper & paperboard & articles  
-10.76 

[1.37] 

-0.42 

[0.15] 

1.64 

[0.79] 

1.55 

[1.73]*** 

1.93 

[2.62]* 

0.25 

[1.72]*** 
0.34 1.17 18.8 0.35 0.98** 10.26* 

-0.50 

[7.06]* 
S S 1.81 YES 

49 Printed books, newspapers, 

manuscripts 

8.44 

[1.3] 

-1.12 

[0.44] 

-1.51 

[0.69] 

-1.53 

[1.94]*** 

-1.91 

[3.02]* 

0.06 

[0.19] 
0.51 0.005 15.41 4.13** 0.99** 23.59* 

-1.03 

[10.82]* 
S S 1.79  

56 Wadding, felt; sp yarn; twine, ropes 
9.56 

[1.2] 

-6.80 

[2.17]** 

4.02 

[1.64] 

1.81 

[1.81]*** 

1.69 

[2.09]** 

-0.24 

[1.87]*** 
0.35 0.49 23.74 0.45 0.97 2.73 

-0.32 

[3.41] 
S S 0.14  

61 Apparel articles, accessories, knit 
-4.71 

[0.57] 

-7.25 

[2.49]** 

8.03 

[3.15]* 

-0.72 

[0.69] 

-1.40 

[1.71]*** 

0.16  

[0.81] 
0.47 0.15 41.07** 0.09 0.98* 8.32* 

-0.60 

[6.19]* 
S U 3.71***  

62 Apparel articles and accessories 
34.60 

[1.74]*** 

-19.39 

[1.89]*** 

11.49 

[1.44] 

-3.35 

[1.32] 

-4.31 

[2.12]** 

-0.05 

[0.26] 
0.29 0.01 29.51 0.18 0.99 2.73 

-0.23 

[2.31] 
U U 1.45  

63 Textile art nesoi; needlecraft sets; 

worn  
3.74 

[0.73] 

-2.68 

[1.57] 

1.55 

[1.23] 

3.08 

[5.38]* 

2.90 

[6.19]* 

-0.20 

[1.74]*** 
0.47 0.23 31.51 0.72 0.99 5.31** 

-0.54 

[4.74]* 
S U 0.94 YES 

65 Headgear and parts thereof 
-11.15 

[1.08] 

3.27 

[0.85] 

-1.49 

[0.5] 

2.79 

[2.48]** 

2.08 

[2.2]** 

-0.48 

[2.21]** 
0.44 0.0001 13.87 0.001 0.99 4.20*** 

-0.48 

[4.5]** 
U S 3.58*** YES 

68 Art of stone, plaster, cement, 

asbestos 

4.52 

[0.47] 

-6.09 

[1.64] 

3.73 

[1.24] 

2.71 

[2.35]** 

1.65 

[1.73]*** 

-0.03 

[0.17] 
0.34 0.94 21.27 0.07 0.98** 5.83* 

-0.47 

[5.2]* 
S S 7.58* YES 
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TABLE 2 The nonlinear ARDL model estimation results (normalized long-run coefficient for NGDPJ, continue) 
 𝑪𝒐𝒏𝒔𝒕. 𝒀𝑼𝑺 𝒀𝑮𝑬𝑹 𝑫𝑬𝑷 𝑨𝑷𝑹 𝑫𝑩𝒓𝒆𝒙𝒊𝒕 𝑹̅𝟐 𝑩𝑮 𝑩𝑷 𝑹𝑹 𝑵𝑶𝑹  𝑭𝑷𝑺𝑺 𝑬𝑪𝑻𝒕−𝟏 𝑪 𝑪𝟐 𝑾𝑳𝑹 𝑱 𝑪𝒖𝒓𝒗𝒆 

69 Ceramic products 
-4.86 

[0.29] 

-11.68 

[1.88]*** 

12.26 

[2.37]** 

-4.09 

[2.22]** 

-3.84 

[2.5]** 

-0.29 

[1.35] 
0.4 0.24 20.8 0.06 0.99** 3.79*** 

-0.29 

[4.1]** 
U U 0.15  

70 Glass and glassware 
5.62 

[0.76] 

-3.68 

[1.29] 

1.32 

[0.6] 

-0.11 

[0.11] 

-1.07 

[1.39] 

-0.02 

[0.12] 
0.52 0.04 12.46 0.27 0.95 2.91 

-0.41 

[3.41] 
S U 11.55*  

71 Nat pearls, prec stones, pr met; coin 
-2.49 

[0.26] 

3.59 

[1.1] 

-3.22 

[1.23] 

-1.61 

[1.46] 

-1.73 

[1.89]*** 

-0.35 

[1.99]** 
0.45 0.32 52.31* 3.48*** 0.97* 3.90*** 

-0.50 

[3.69]*** 
S S 0.14  

73 Articles of iron or steel 
5.70 

[1.63] 

-0.45 

[0.34] 

-1.90 

[1.78]*** 

-0.09 

[0.21] 

-0.96 

[2.83]* 

0.04 

[0.44] 
0.38 0.35 10.05 0.07 0.98* 8.09* 

-0.65 

[6.17]* 
S U 40.53*  

76 Aluminum and articles thereof 
-0.70 

[0.12] 

-2.24 

[0.96] 

1.24 

[0.73] 

-2.71 

[3.71]* 

-3.27 

[5.29]* 

0.10 

[0.54] 
0.44 0.97 42.52* 0.05 0.96 14.82* 

-0.79 

[8.53]* 
S U 5.26**  

82 Tools, cutlery base metal, parts 

thereof 
-4.70 

[1.72] *** 

-1.68 

[1.73]*** 

1.74 

[2.3] ** 

0.61 

[1.91]*** 

0.21 

[0.8] 

-0.05 

[0.55] 
0.5 2.61 24.2 0.05 0.99 19.87* 

-0.89 

[9.76]* 
S S 14.95* YES 

83 Miscellaneous articles of metals 
2.72 

[0.42] 

-2.32 

[0.85] 

0.56 

[0.28] 

0.76 

[0.88] 

-0.18 

[0.26] 

0.02 

[0.14] 
0.47 1.55 58.04* 1.17 0.99 4.05*** 

-0.53 

[3.83]*** 
S U 9.55*  

84 Nuclear reactors, boilers, 

machinery 
1.59 

[0.85] 

-1.75 

[2.35]** 

0.69 

[1.27] 

-0.80 

[3.49]* 

-0.95 

[4.92]* 

-0.04 

[0.81] 
0.31 3.25*** 29.64 0.01 0.99*** 7.91* 

-0.57 

[6.24]* 
S U 3.75***  

85 Electric machinery; sound eq. tv eq. 
-9.21 

[1.54] 

-0.06 

[0.03] 

1.77 

[0.94] 

-0.48 

[0.59] 

-0.26 

[0.4] 

0.07 

[1.52] 
0.4 0.21 66.83* 0.36 0.97* 2.68 

-0.20 

[2.8] 
S U 0.62  

87 Vehicles, except railway, tramway 
-15.84 

[0.72] 

4.63 

[0.56] 

-1.91 

[0.3] 

1.35 

[0.59] 

1.84 

[0.95] 

-0.02 

[0.11] 
0.13 0.74 35.32* 0.15 0.95 3.52 

-0.17 

[3.9]*** 
S U 0.4  

88 Aircraft, spacecraft, parts thereof 
-7.39 

[0.72] 

2.16 

[0.55] 

-1.27 

[0.42] 

1.85 

[1.69]*** 

0.54 

[0.59] 

0.44 

[1.8]*** 
0.31 0.08 17 0.0003 0.98* 11.12* 

-0.54 

[7.43]* 
S S 12.31* YES 

90 Optic, photo, medic, surgical inst. 
-21.97 

[1.08] 

2.55 

[0.49] 

1.98 

[0.54] 

-1.67 

[0.69] 

-1.17 

[0.72] 

-0.02 

[0.52] 
0.48 1.83 77.82* 3.51*** 1 2.26 

-0.09 

[1.11] 
S S 0.29  

91 Clocks, watches and parts thereof 
-8.02 

[1.28] 

3.16 

[1.28] 

-2.01 

[1.1] 

0.80 

[0.92] 

-0.27 

[0.37] 

-0.35 

[2.18]** 
0.43 2.87*** 18.8 0.26 0.99 2.96 

-0.63 

[3.38] 
S S 18.77*  

92 Musical instruments; accessories  
10.34 

[1.38] 

-5.42 

[1.87] *** 

2.11 

[0.94] 

2.52 

[3.01]* 

1.15 

[1.63] 

-0.33 

[1.29] 
0.49 1.09 34.18* 0.91 0.98* 7.29* 

-0.78 

[5.98]* 
S U 24.28* YES 

93 Arms and ammunition; parts 

accessories thereof 
-42.87 

[2.6]* 

17.63 

[2.76]* 

-8.66 

[1.74]*** 

-5.40 

[2.52]** 

-4.36 

[2.44]** 

-0.07 

[0.23] 
0.5 0.34 16.1 1.83 0.98* 3.22 

-0.44 

[3.77]*** 
S S 2.55  

94 Furniture; bedding; lamps nesoi 5.71[1] 
-1.83 

[0.88] 

-0.46 

[0.29] 

0.75 

[1.05] 

0.15 

[0.25] 

-0.40 

[2.39]** 
0.38 2.88*** 31.38*** 7.37* 0.99** 15.64 * 

-0.68 

[8.69]* 
U U 7.92*  

95 Toys, games, sport eq.; accessr 
-1.30 

[0.12] 

3.66 

[0.82] 

-4.42 

[1.15] 

3.47 

[2.01]** 

1.98 

[1.44] 

-0.24 

[1.59] 
0.37 2.82*** 52.25* 0.02 0.98* 2.33 

-0.32 

[2.66] 
S U 8.77*  

96 Miscellaneous manufactured  
-83.29 

[1.48] 

28.11 

[1.31] 

-10.89 

[0.92] 

3.44 

[0.91] 

3.05 

[1] 

-0.04  

[0.2] 
0.42 2.79*** 23.22 0.45 0.96 2.65 

-0.16 

[1.78] 
S S 0.1  

97 Works of art, collectors' pieces ant. 
3.65 

[0.19] 

0.25 

[0.03] 

-1.58 

[0.25] 

-1.80 

[0.77] 

-2.49 

[1.37] 

-0.32 

[1.02] 
0.59 2.93*** 35.23 3.00*** 0.99 1.33 

-0.42 

[1.97] 
S S 0.5  
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TABLE 3 The nonlinear ARDL model estimation results (normalized long-run coefficient for TJ) 
 𝑪𝒐𝒏𝒔𝒕. 𝒀𝑼𝑺 𝒀𝑮𝑬𝑹 𝑫𝑬𝑷 𝑨𝑷𝑹 𝑫𝑩𝒓𝒆𝒙𝒊𝒕 𝑹̅𝟐 𝑩𝑮 𝑩𝑷 𝑹𝑹 𝑵𝑶𝑹  𝑭𝑷𝑺𝑺 𝑬𝑪𝑻𝒕−𝟏 𝑪 𝑪𝟐 𝑾𝑳𝑹 𝑱 𝑪𝒖𝒓𝒗𝒆 

28 Inorg chem; prec, rare-earth met, 

radioact compd 

-1.56 

[0.38] 

-0.77 

[0.49] 

0.94 

[0.77] 

0.007 

[0.02] 

0.06 

[0.17] 

0.13 

[0.98] 
0.42 0.77 11.94 0.2 0.99** 14.25* 

-0.72 

[8.42]* 
S S 0.14  

29 Organic chemicals 
-0.24 

[0.04] 

-3.05 

[1.12] 

3.25 

[1.64] 

-1.98 

[2.21]** 

-1.15 

[1.54] 

0.31 

[2.16]** 
0.54 0.1 22.19 0.42 0.99** 6.13* 

-0.49 

[5.2]* 
S S 8.52*  

30 Pharmaceutical products 
-102.89 

[0.8] 

16.92 

[0.56] 

5.54 

[0.48] 

2.40 

[0.48] 

4.00 

[0.91] 

0.09 

[0.92] 
0.36 0.009 23.38 1.05 0.98** 1.91 

-0.06 

[1.05] 
U U 0.51  

32 Tanning & dye ext; dye, paint 
-4.27 

[0.6] 

-0.75 

[0.28] 

1.61 

[0.79] 

0.13 

[0.17] 

0.58 

[0.9] 

-0.04 

[0.74] 
0.28 0.29 12 2.04 0.99 3.55 

-0.20 

[3.65] 
S S 2.74***  

33 Essential oils; perfumery, cosmetic 

preps 

1.62 

[0.44] 

-0.63 

[0.43] 

0.23 

[0.2] 

1.17 

[2.77]* 

1.18 

[3.46]* 

-0.03 

[0.48] 
0.43 0.69 51.85 0.36 0.99 4.60** 

-0.41 

[4.01]** 
S S 0.003 YES 

35 Albuminoidal subst; modified 

starch; glue; enzymes 

2.82 

[1.01] 

0.31 

[0.27] 

-1.20 

[1.18] 

1.43 

[4.01]* 

0.92 

[3.34]* 

-0.32 

[3.78]* 
0.48 0.21 47.23** 7.04* 1 13.51* 

-0.68 

[8.14]* 
S S 14.95*  

37 Photographic or cinematographic 

goods 

30.54 

[3.9] * 

-7.61 

[2.59]** 

0.84 

[0.38] 

0.65 

[0.8] 

0.55 

[0.79] 

-0.19 

[1.84]*** 
0.34 0.65 13.57 1.26 0.99 4.83** 

-0.29 

[4.66]* 
S U 0.15  

38 Miscellaneous chemical products 
-1.36 

[0.65] 

-1.15 

[1.56] 

1.56 

[2.86]* 

-0.30 

[1.25] 

-0.04 

[0.19] 

0.13 

[2.67]* 
0.49 2.43 20.39 0.32 0.99 12.10* 

-0.61 

[7.58]* 
U S 11.73*  

39 Plastics and articles thereof 
29.26 

[0.72] 

-21.59 

[0.69] 

15.54 

[0.66] 

-1.98 

[0.45] 

-0.85 

[0.32] 

-0.03 

[1.15] 
0.45 0.1 29.63 0.5 0.99 3.22 

0.06 

[0.59] 
U S 0.38  

40 Rubber and articles thereof 
-15.30 

[0.15] 

48.46 

[0.22] 

-45.51 

[0.22] 

-8.75 

[0.24] 

-13.79 

[0.23] 

-0.11 

[1.64] 
0.37 0.008 47.89 3.52*** 0.99 2.94 

-0.02 

[0.23] 
S U 0.04  

42 Leather art; saddlery; handbags; gut 

art 
-5.17 

[1.24] 

-0.07 

[0.04] 

1.15 

[0.94] 

0.07 

[0.13] 

0.12 

[0.27] 

-0.25 

[2.37]** 
0.45 0.02 21.81 0.57 0.98* 10.01* 

-0.57 

[7.01]* 
S S 0.09  

44 Wood,articles of wood; wood  
22.78 

[1.6] 

-11.34 

[2.12]** 

6.05 

[1.44] 

3.78 

[2.48]** 

4.07 

[3]* 

-0.11 

[1.1] 
0.1 2.06 8.67 0.16 0.99 3.44 

-0.14 

[3.69]*** 
S S 0.33 YES 

48 Paper & paperboard & articles  
0.77 

[0.31] 

-0.99 

[1.05] 

0.35 

[0.48] 

1.78 

[6.3]* 

1.44 

[6.05]* 

-0.13 

[2.65]* 
0.33 1.12 12.6 0.29 1 10.72* 

-0.45 

[7.04]* 
S S 14.20* YES 

49 Printed books, newspapers, manus. 
-1.54 

[0.43] 

-0.25 

[0.18] 

0.53 

[0.5] 

0.02 

[0.06] 

0.22 

[0.66] 

0.29 

[2.33]** 
0.43 0.97 23.74** 5.01** 0.97 10.26* 

-0.74 

[7.15]* 
S U 2.2  

56 Wadding, felt; sp yarn; twine, ropes 
-2.48 

[0.39] 

-2.72 

[1.27] 

3.13 
[1.92]*** 

0.54 

[0.81] 

0.95 

[1.78]*** 

0.01 

[0.19] 
0.38 0.06 20.08 0.76 0.94 3.64 

-0.33 

[3.41] 
U U 2.79***  

61 Apparel articles, accessories, knit 
-2.74 

[0.19] 

-6.50 

[1.46] 

7.56 
[1.71]*** 

1.55 

[0.93] 

2.41 

[2.07]** 

0.07 

[0.61] 
0.36 0.0009 41.86 1.71 1 3.67 

-0.23 

[1.86] 
S S 0.92  

62 Apparel articles and accessories 
8.57 

[0.72] 

-8.66 

[1.53] 

6.70 

[1.31] 

1.83 

[1.18] 

1.46 

[1.03] 

-0.03 

[0.24] 
0.45 0.04 22.48 0.33 0.99 1.68 

-0.25 

[1.72] 
S S 0.29  

63 Textile art nesoi; needlecraft sets 
9.06 

[1.32] 

0.32 

[0.12] 

-2.55 

[1.14] 

2.62  

[3.09]* 

1.77 

[2.65]* 

-0.27 

[2.99]* 
0.42 4.74** 32.01 0.01 1 2.85 

-0.35 

[3] 
S S 9.41*  

65 Headgear and parts thereof 
8.73 

[1.15] 

-1.73 

[0.57] 

-0.28 

[0.13] 

1.67 

[1.85]*** 

1.39 

[1.83]*** 

-0.35 

[1.87]*** 
0.43 0.04 9.1 0.04 0.99 5.81* 

-0.58 

[5.27]* 
S S 0.89 YES 

68 Art of stone, plaster, cement 
-16.44 

[1.36] 

3.50 

[0.79] 

-0.42 

[0.14] 

3.11 

[2.44]** 

2.09 

[1.89]*** 

0.003 

[0.05] 
0.5 0.17 27.94 4.84** 0.99 3.16 

-0.20 

[2.18] 
S S 8.40*  
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TABLE 3 The nonlinear ARDL model estimation results (normalized long-run coefficient for TJ, continue) 
 𝑪𝒐𝒏𝒔𝒕. 𝒀𝑼𝑺 𝒀𝑮𝑬𝑹 𝑫𝑬𝑷 𝑨𝑷𝑹 𝑫𝑩𝒓𝒆𝒙𝒊𝒕 𝑹̅𝟐 𝑩𝑮 𝑩𝑷 𝑹𝑹 𝑵𝑶𝑹  𝑭𝑷𝑺𝑺 𝑬𝑪𝑻𝒕−𝟏 𝑪𝟐 𝑪𝟐 𝑾𝑳𝑹 𝑱 𝑪𝒖𝒓𝒗𝒆 

69 Ceramic products 
13.16 

[1.39] 

-2.17 

[0.56] 

-1.04 

[0.33] 

0.58 

[0.53] 

-0.32 

[0.36] 

-0.08 

[0.96] 
0.29 0.24 17.2 0.15 0.98* 3.3 

-0.21 

[3.58] 
S U 5.22**  

70 Glass and glassware 
-3.95 

[3]* 

-1.25 

[2.33]** 

2.14 

[5.16]* 

-0.63 

[3.53]* 

-0.66 

[4.45]* 

0.02 

[0.46] 
0.53 3.83*** 34.69 0.01 0.99 6.43* 

-0.79 

[5.09]* 
S S 0.25  

71 Nat pearls, prec stones, pr met; coin 
-2.57 

[1.02] 

0.61 

[0.65] 

-0.05 

[0.07] 

0.81 

[2.65]* 

0.77 

[3.04]* 

-0.28 

[2.71]* 
0.51 0.29 11.63 0.13 1 20.61* 

-0.94 

[10.1]* 
S S 0.14 YES 

73 Articles of iron or steel 
8.31 

[3.36]* 

-2.51 

[2.57]** 

0.33 

[0.41] 

-0.34 

[1.21] 

-0.50 

[2.18]** 

0.09 

[1.45] 
0.52 0.004 23 0.04 1 8.11* 

-0.55 

[6.06]* 
S S 2.31  

76 Aluminum and articles thereof 
3.31 

[0.31] 

-1.86 

[0.45] 

0.66 

[0.19] 

1.55 

[1.15] 

1.11  

[0.94] 

-0.02 

[0.3] 
0.24 0.22 11 0.02 0.99 1.45 

-0.12 

[2.16] 
S S 1.01  

82 Tools, cutlery etc. of base metal, 

parts thereof 
6.02 

[1.93]*** 
-3.13 

[2.82]* 

1.59 

[1.78]*** 

0.43 

[1.31] 

0.70  

[2.51]** 

0.010 

[0.22] 
0.33 1.55 18.85 0.08 0.99 3.86*** 

-0.34 

[3.84]*** 
S S 5.42** YES 

83 Miscellaneous articles of base 

metal 
3.87 

[1.09] 

-1.81 

[1.29] 

0.66 

[0.61] 

-1.22 

[2.43]** 

-1.41 

[3.29]* 
-0.10 

[1.96] *** 
0.39 0.11 40.38* 11.50* 0.99** 2.6 

-0.33 

[3.05] 
S S 1.63  

84 Nuclear reactors, boilers, 

machinery; parts 
4.42 

[2.07]** 

-2.95 

[3.41]* 

1.84 

[2.74]* 

-0.96 

[3.26]* 

-0.57 

[2.33]** 

0.03 

[1.22] 
0.3 6.07** 18.15 0.04 0.99 4.86** 

-0.29 

[4.28]** 
S S 20.75*  

85 Electric machinery; sound equip; tv 

equip 
-10.39 

[0.51] 

10.91 

[0.63] 

-8.72 

[0.62] 

-1.94 

[0.67] 

-2.30 

[0.66] 

-0.05 

[1.51] 
0.43 1.05 37.68 0.25 0.99 2.15 

-0.05 

[0.74] 
U U 0.1  

87 Vehicles, except railway, tramway 
-50.16 

[1.25] 

-11.57 

[1.4] 

23.88 

[1.52] 

-7.57 

[1.21] 

-3.56 

[1] 

0.30 

[3.72]* 
0.54 5.64** 31.19 0.64 1 7.74* 

-0.10 

[1.44] 
S S 2.02  

88 Aircraft, spacecraft, parts thereof 
30.22 

[0.65] 

-29.78 

[1.07] 

25.61 

[1.09] 

-14.60 

[0.8] 

-9.74 

[0.72] 

0.51 

[2.09]** 
0.42 2.95*** 20.6 0.25 0.99** 3.07 

-0.13 

[1.07] 
S S 0.96  

90 Optic, photo, medic or surgical 

instruments 
-1.54 

[0.48] 

0.32 

[0.3] 

-0.08 

[0.11] 

0.18 

[0.68] 

0.22 

[1.05] 

-0.02 

[0.8] 
0.54 0.01 33.55 0.24 0.99*** 2.15 

-0.29 

[1.97] 
S S 0.18  

91 Clocks and watches and parts 

thereof 
-2.85 

[0.35] 

1.64 

[0.47] 

-1.43 

[0.59] 

-0.26 

[0.23] 

-0.97 

[0.93] 

-0.34 

[2.49]** 
0.49 1.69 25.46 2.79*** 0.99 2.51 

-0.46 

[1.98] 
S S 6.06**  

92 Musical instruments; parts 

accessories thereof 
15.59 

[1.44] 

-4.76 

[1.37] 

1.24 

[0.47] 

0.69 

[0.54] 

0.34 

[0.33] 

-0.05 

[0.56] 
0.51 4.59** 32.74 3.36*** 0.98 * 1.81 

-0.26 

[1.43] 
S U 0.8  

93 Arms and ammunition; parts 

accessories thereof 
-3.45 

[0.69] 

-1.05 

[0.55] 

1.89 

[1.27] 

-2.34 

[4.45]* 

-1.61 

[3.58]* 

0.26 

[1.27] 
0.45 0.17 9.17 0.14 0.94 20.24* 

-0.91 

[10.04]* 
S S 16.26*  

94 Furniture; bedding; lamps nesoi; 

prefab bd 
25.06 

[3.68]* 

-8.43 

[3.55]* 

2.67 

[1.97]*** 

1.26 

[2.23]** 

1.44 

[2.85]* 

0.03 

[0.39] 
0.44 0.002 43.61 0.48 0.99 *** 6.96* 

-0.41 

[4.29]** 
S S 0.95 YES 

95 Toys, games, sport equipment; 

parts, accessories 
1.68 

[0.23] 

3.73 

[1.12] 

-4.47 

[1.52] 

2.75 

[2.18] ** 

2.02 

[2.02]** 

0.03 

[0.28] 
0.39 0.31 56.9 0.03 0.99 ** 2.35 

-0.29 

[2.33] 
S S 4.16**  

96 Miscellaneous manufactured 

articles 
-2.06 

[0.51] 

-2.03 

[1.28] 

2.07 

[1.78]*** 

1.06 

[2.18]** 

0.71 

[1.74]*** 

0.07 

[0.74] 
0.41 1.74 23.47 0.21 0.99 7.85* 

-0.58 

[6.08]* 
S S 4.60** YES 

97 Works of art, collectors' pieces, and 

antiques 
-9.65 

[0.6] 

3.11 

[0.53] 

-1.29 

[0.31] 

-0.46 

[0.28] 

-0.89 

[0.67] 

-0.23 

[0.9] 
0.59 3.26*** 30.56 0.08 1 1.65 

-0.46 

[2.24] 
S S 0.5  

Notes: ***, **, and * show significance at 10%, 5%, and 1%, respectively. BG: Breusch-Godfrey Serial Correlation LM test, BP: Breusch-Pagan Heteroskedasticity 

test, Ramsey-RESET model misspecification test. NOR; Normality test. FPSS ; F cointegration test of Pesaran, Shin and Smith (2001), ECTt−1; Error correction 

term. C and C2 are Cusum and Cusum Square stability tests. S; Stable. U: Unstable. WLR is long-run Wald test. Denotes asymmetry. GDPJ: GDP-driven-BTB-based 
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J-curve hypothesis, NGDPJ: Non-GDP-driven-BTB-based J-curve hypothesis. TJ: total-export-BTB-based J-curve hypothesis.  Note: Estimations in Tables, 1, 2, 

and 3 were calculated by the authors  

 

TABLE 4 Total numbers of improvement and worsening impacts on BTBs and asymmetric J curve 

 
𝒀𝑼𝑺  𝒀𝑮𝑬𝑹  𝑫𝑬𝑷  𝑨𝑷𝑹  𝑫𝑩𝒓𝒆𝒙𝒊𝒕  

Asymmetric Long 

 Run Effect 
 

𝑨𝒔𝒚𝒎𝒎𝒆𝒕𝒓𝒊𝒌  𝑱 

− 𝑪𝒖𝒓𝒗𝒆 

𝑮𝑫𝑷𝑱 𝑵𝑮𝑫𝑷𝑱 𝑻𝑱  𝑮𝑫𝑷𝑱 𝑵𝑮𝑫𝑷𝑱 𝑻𝑱  𝑮𝑫𝑷𝑱 𝑵𝑮𝑫𝑷𝑱 𝑻𝑱  𝑮𝑫𝑷𝑱 𝑵𝑮𝑫𝑷𝑱 𝑻𝑱  𝑮𝑫𝑷𝑱 𝑵𝑮𝑫𝑷𝑱 𝑻𝑱  𝑮𝑫𝑷𝑱 𝑵𝑮𝑫𝑷𝑱 𝑻𝑱  𝑮𝑫𝑷𝑱 𝑵𝑮𝑫𝑷𝑱 𝑻𝑱 

Worsen 9 8 7  - 3 -  5 7 4  5 12 4  4 6 6  
13 14 8  13 10 8 

Improve - 3 -  11 5 6  11 10 8  11 6 9  6 4 4  

Note: The results were obtained from the estimations in Tables 1, 2, and 3. 

 

TABLE 5 Goods codes having long-run asymmetric effects (A) and goods codes supporting the long-run asymmetric J-curve hypothesis (B) for 

GDPJ, NGDPJ, and TJ  

 Long-run Asymmetric Effect (A)  Long-run Asymmetric J-Curve (B)  

GDPJ 29; 35; 38; 42; 48; 49; 56; 63; 82; 84; 87; 93; 96  28; 33; 35; 44; 48; 56; 61; 63; 65; 71; 82; 94; 96 

NGDPJ 30; 39; 40; 61; 65; 68; 73; 76; 82; 83; 84; 88; 92; 94  38; 39; 44; 48; 63; 65; 68; 82; 88; 92 

TJ 29; 35; 38; 48; 82; 84; 93; 96  33; 44; 48; 65; 71; 82; 94; 96 

Note: Industries were obtained from Tables, 1, 2, and 3. 
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The tables above show the necessity for re-testing the US-Germany J-curve hypothesis with the 

methodology proposed in this study. This is because while this hypothesis with GDPJ is supported 

for 13 goods, with NGDPJ it is supported for 10 goods (shown in Table 5, Section B). If we had 

relied on traditional J-curve hypothesis testing (TJ), we would not have detected these details- the 

names of the goods- and would have found them for only 8 goods. For example, if we made a 

product base comparison and employed the traditional total-export-based trade balance instead of 

the re-export-based trade balance, we would not have identified the J-curve effect on the US trade 

balance based on products coded under 38 and 39, which pertain to miscellaneous chemical 

products and plastics and articles thereof, respectively. Similarly, if we employed the traditional 

total-export-based trade balance instead of the domestic-export-based trade balance, we would not 

have verified the J-curve hypothesis on the US trade balance based on products coded under 63, 

which pertain to textile art nesoi; needlecraft sets; worn text art.  

Hence, we may conclude that testing the asymmetric J-curve with only TJ covers the actual effects 

of USD appreciation/depreciation on US-Germany bilateral trade balances and the current trading 

mechanism of these two countries. Furthermore, the improvement effect of depreciation (DEP) on 

GDPJ and NGDPJ is higher than the worsening effect. However, while appreciation (APR) in the 

USD worsens NGDPJ for 12 goods, the same change in this currency worsens GDPJ for only 5 

goods. This may be interpreted to mean that German consumers with a weaker EUR stop purchasing 

US re-exported goods more than they do US domestically produced goods. The phenomenon may 

stem from higher prices of formerly imported re-exported goods due to transportation costs, customs 

taxes between the USA and a third US partner, and storage costs within the USA. Another 

interpretation is that German consumers are less depreciated-EUR-sensitive to US domestic goods 

than to US re-exported goods.  

Furthermore, while appreciation in the USD improves GDPJ for 11 goods, the same change in the 

USD improves NGDPJ for only six goods. This means that German consumers with a weaker EUR 

purchase domestically produced goods more than re-exported goods in the US. Section A in Table 

5 reports the goods with asymmetric (nonlinear) effects on US-German bilateral trade balances 

caused by depreciation and appreciation in the USD. For example, depreciation and appreciation 

improve goods with code 28 or worsen goods with code 29 (Table 1).  
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It should also be noted that the same exchange rate affects different products differently. This would 

not be expected if the focus is only on the exchange rates. However, this could happen when we 

focus on the elasticity or inelasticity of the products since some products' demand elasticity may 

differ from others' elasticity. In this regard, Bahmani-Oskooee and Nouira (2021) attributed the 

negative effect of dollar depreciation on trade balance to inelastic import demand. If we take this 

evaluation as a reference for our study, we can interpret that USD depreciation negatively affects 

the trade balance due to inelastic import demand in domestic exports for four (HS 29, HS 70, HS 

84, HS 93), in re-exports for seven (HS 28, HS 32, HS 49, HS 69, HS 76, HS 84, HS 93), and in 

total exports for four (HS 29, HS 70, HS 84, HS 93) industries. Different levels of elasticity of 

products may be determined by whether they are essential goods or luxury goods and may also 

result from quotas, tariffs, trade barriers, and trade agreements applied to them. 

Additionally, while rises in US income (𝑌𝑈𝑆) worsen GDPJ and NGDPJ, rises in German income 

(𝑌𝐺𝐸𝑅) improve both. However, rises in German income (𝑌𝐺𝐸𝑅) improve GDPJ more than NGDPJ. 

This may be interpreted to mean that German consumers with higher incomes purchase US 

domestically produced goods more than re-exported ones. Finally, while the Brexit process 

(𝐷𝐵𝑟𝑒𝑥𝑖𝑡) improves GDPJ for 6 goods, it improves NGDPJ for 4. This may be interpreted to mean 

that German consumers stop purchasing re-exported goods more than US domestically produced 

goods under Brexit. The importance of the Brexit process as a game-changer variable in the study's 

model can be clearly seen. For instance, while the Brexit process positively contributes to the 

domestic-export-based trade balance (GDPJ) for the product with code 28, the same Brexit does not 

affect the product's re-export-based trade balance (NGDPJ). Similarly, in product coded 48, Brexit 

positively contributes to the re-export-based trade balance. In contrast, the same Brexit has a 

negative impact on the domestic-export-based trade balance for the same product. This means that 

the effects of Brexit may differ in different product and trade balances. Knowing this will be helpful 

for policymakers for their product-based customized trade policies. 

Many different inferences can be made according to the outputs obtained from this empirical study. 

However, this study aims to draw attention to the methodology proposed and recommend its use in 

future J-curve studies. Product-wise j-curve formations (predicted graphs) for GDPJ, NGDPJ, and 

TJ were produced and presented in Appendix 1. 
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In terms of diagnostics tests, they play a crucial role in assessing the reliability of our analyses 

within specific industries. The 𝑅̅2 value serves as a critical indicator, with a value close to 1 

signifying a high level of reliability. Typically, models with R² values of 0.50 or higher are 

considered successful (Ozili, 2023), while some researchers propose a threshold of even 0.125 

(Wooldridge, 2013) for reliability when the number of observations is low, and the number of 

parameters is high. Additionally, the null hypotheses of tests like the Breusch-Godfrey Serial 

Correlation LM test (BG) by Breusch (1978), the Breusch-Pagan Heteroskedasticity (BP) by 

Breusch and Pagan (1979), the Ramsey-RESET (RR), and the Jarque-Bera's (NOR) normality tests 

by Jarque and Bera (1980) are in general consistently met in our industry analyses, confirming the 

reliability of our results. The 𝐹𝑃𝑆𝑆 test helps identify cointegration, ensuring the reliability of long-

term analyses. The presence of 𝐸𝐶𝑇𝑡−1 further supports cointegration. We also utilize CUSUM (C) 

and CUSUM SQUARE (C2) charts to assess model stability, with 'S' indicating stability and 'U' 

denoting instability. These elements collectively assure the reliability of our analytical models in 

general. 

Regarding comparing this study's results with previous literature, Bahmani-Oskooee and Brooks 

(1999) analyzed the validity of the J-Curve between the U.S. and its trading partners (Canada, 

France, Germany, Italy, Japan, and the U.K.). They determined that the long-run results supported 

the J-Curve hypothesis theory, indicating that a real depreciation of the USD has a favorable long-

run effect on the U.S. trade balance with her six trading partners. Our results align with Bahmani-

Oskooee and Brooks's (1999) results for Germany.  

Lucarelli et al. (2018) revealed that the real depreciation of the euro helped in the improvement of 

European countries' trade balances for Germany and Italy versus the USA by using the linear ARDL 

approach and determined that the long-run RER is positive and significant in 11 cases, 3 for 

Germany (HS 22, HS 41 and HS 72) and 8 for Italy (HS 27, HS 30, HS 40, HS 41, HS 48, HS 61, 

HS 68 and HS 87).  However, we detected a negative (a worsen) long-run effect of the euro's 

depreciation (USD APR) on the US-Germany trade balance (it means positive long-run effects of 

the euro's depreciation on the Germany-US trade balance) of five industries  (HS 29, HS 70, HS 73, 

HS 83, HS 84, HS 93) in the domestic export (GDPJ), 12 industries  (HS 28, HS 30, HS 32, HS 40, 

HS 49, HS 61, HS 69, HS 71, HS 73, HS 76, HS 84, HS 93) in the re-export (NGDPJ) and 4 
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industries  (HS 70, HS 73, HS 84, HS 93) in the total export (TJ).  Our results are inconsistent with 

those of Lucarelli et al. (2018) since our data structure and model differ. 

While Gobbi and Lucarelli (2021) used Greece as their home country and detected a positive long-

run effect of the euro’s depreciation on the Greece – US trade balance of seven industries (HS 20, 

HS 25, HS 27, HS 48, HS 71, HS 74, and HS 87); on the Greece – Italy Germany trade balance of 

10 industries (HS 04, HS 16, HS 18, HS 27, HS 29, HS 33, HS 76, HS 84, HS 87, HS 90) and on 

the Greece – Germany trade balance of 11 industries (HS 04, HS 08, HS 15, HS 16, HS 26, HS 31, 

HS 34, HS 62, HS 64, HS 85 and HS 90). We detected a negative (a worsen) long-run effect of the 

euro’s depreciation (USD APR) on the US-Germany trade balance (it means positive long-run 

effects of the euro’s depreciation on the Germany-US trade balance) of five industries  (HS 29, HS 

70, HS 73, HS 83, HS 84, HS 93) in the domestic export (GDPJ), 12 industries  (HS 28, HS 30, HS 

32, HS 40, HS 49, HS 61, HS 69, HS 71, HS 73, HS 76, HS 84, HS 93) in the re-export (NGDPJ) 

and 4 industries  (HS 70, HS 73, HS 84, HS 93) in the total export (TJ). 

Bahmani-Oskooee and Nouira (2021) focused on US-Germany commodity trade using the 

nonlinear ARDL model. They found that the USD deprecations have a positive effect on 17 

industries (HS 01, HS 24, HS 26, HS 42, HS 58, HS 62, HS 65, HS 66, HS 69, HS 71, HS 74, HS 

75, HS 76, HS 81, HS 87, HS 89, HS 93). We detected a positive long-run effect of the US Dollar 

depreciation on the US-Germany trade balance of 11 industries  (HS 28, HS 33, HS 35, HS 44, HS 

48, HS 61, HS 63, HS 65, HS 71, HS 94, HS 96) in the domestic export (GDPJ), 10 industries  (HS 

38, HS 39, HS 44, HS 48, HS 63, HS 65, HS 68, HS 82, HS 88, HS 92) in the re-export (NGDPJ) 

and 8 industries  (HS 33, HS 35, HS 44, HS 48, HS 65, HS 71, HS 94, HS 96) in the total export 

(TJ).  Our results are consistent with Bahmani-Oskooee and Nouira (2021) for domestic export in 

the HS 65 and HS 71, for re-export in the HS 65, and for total export in the HS 65 and HS 71.   

5. POLICY IMPLICATIONS 

Policy implications obtained from the empirical findings can be listed as follows: Policymakers 

should recognize the limitations of traditional Bilateral Trade Balance (BTB) ratios based solely on 

total export data. To enhance the accuracy of trade analysis, they should consider adopting the 

proposed alternative BTB definitions, specifically the GDP-driven-BTB-based J-curve hypothesis 

(GDPJ) and the Non-GDP-driven-BTB-based J-curve hypothesis (NGDPJ). The concept of 

“accuracy” is used here to emphasize that policymakers can conduct more detailed analyses to 
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enable the implementation of customized and realistic trade policies. As explained before, the GDP-

driven-BTB-based J-curve hypothesis (GDPJ) was developed based on domestic export values, 

representing the export of goods produced within the country, implying contribution to the GDP. 

However, the non-GDP-driven-BTB-based J-curve hypothesis (NGDPJ) was generated using re-

exported products not domestically produced, not implying a contribution to the domestic economy. 

Therefore, the US policymakers should evaluate both J-curve effects separately from this 

perspective. This separation can help policymakers implement more accurate and tailored trade 

policies. We believe that this proposed separation will also lead to an interesting question of what 

type of J-curve hypothesis is tested. For example, we validate this hypothesis for a country, and the 

country's bilateral trade balance improves. However, is this improvement achieved through the 

GDP-driven-BTB-based J-curve hypothesis, which contributes to the national economy, or through 

the non-GDP-driven-BTB-based J-curve hypothesis, which does not have this contribution? 

Policymakers will most likely prefer to provide the former. 

The US policymakers should customize and manage their exchange rate policies based on the goods 

both on GDP-driven-BTB-based J-curve hypothesis and the non-GDP-driven-BTB-based J-curve 

hypothesis, separately. From this perspective, applying the same exchange rate policy to all goods 

may not be very rational. For example, it would be more economical for the USA to bear a more 

costly US exchange rate for the goods validated by the GDP-driven-BTB-based J-curve hypothesis 

than the non-GDP-driven-BTB-based J-curve hypothesis. An interesting finding of the study is 

German consumers are less depreciated-EUR-sensitive to US domestic goods than to US re-

exported goods. Therefore, this result may mean US policymakers do not need to lower the value 

of the USD to export more domestic goods to Germany. This can be evaluated as a very 

advantageous situation for the USA. However, it should also be noted that applying different 

exchange rates for different products in floating exchange rate regimes is not practical. However, 

policymakers should be aware that the impact of the same exchange rate on different sectors may 

vary. This understanding can enable them to create more proactive and tailored policies. At this 

point, various trade policies and regulations, such as quotas, trade barriers, tariffs, subsidies, and 

trade agreements can assist policymakers in addressing products that negatively affect trade 

balances. 
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The US policymakers should consider strategies to enhance the competitiveness of US re-exported 

products in the German market. Although the economic contribution of re-exported goods is small, 

the export of these goods should be encouraged since there is no production cost for the country in 

the production of these goods. For example, Wood and articles of wood with code number 44 

improve the US's trade balance (denotes the non-GDP-driven-BTB-based J-curve hypothesis is 

verified). Most likely, the USA purchases these products from Canada and exports them to 

Germany. Therefore, re-export contributes to the US economy specifically for this product. If we 

were to follow the same example again, US policymakers should closely follow trade policy 

changes and developments in Canada and be in contact with Canadian policymakers. 

Given the impact of Brexit on trade dynamics, policymakers should closely monitor its effects and 

adapt strategies accordingly. The Brexit process (D-Brexit) improves GDPJ for 6 goods and NGDPJ 

for 4. This may mean German consumers purchase more US domestic products than re-export 

products. This change in consumer behavior may mean that German consumers re-evaluate their 

preferences among domestically produced goods in the US due to factors such as trade and customs 

regulations after Brexit. Therefore, US policymakers should actively engage in negotiations and 

trade agreements with the UK to ensure the smooth flow of goods with Brexit. Additionally, 

exploring new opportunities for cooperation in emerging sectors can help offset any potential 

disruptions caused by Brexit and reinforce economic ties between the USA and the UK.  

6. CONCLUSION 

The main purpose of this empirical study is to propose new methodologies to the J-curve hypothesis 

testing literature. We believe that a current bilateral trade balance (BTB) ratio created only from 

total export data may be insufficient or incomplete in evaluating the J-curve effect. This is because, 

in today's complex international web of trade, many countries (i.e., the USA) export (re-export) 

goods they import from other countries (i.e., Germany), as well as goods they produce themselves 

(domestic export). Therefore, under the reality of re-exports, it would be much more accurate to test 

the J-curve hypothesis on domestic-export-based BTB and re-export-based BTB separately, which 

is what we did in this study. These two new forms of BTBs proposed will also allow us to define 

new alternative J-curve testing approaches in the relevant literature, such as the GDP-driven-BTB-

based J-curve hypothesis (GDPJ) testing and the non-GDP-driven-BTB-based J-curve hypothesis 

(NGDPJ) testing, based on domestic-export-based BTB and re-exported-based BTB, respectively. 
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Empirical findings from the study confirm the necessity and usefulness of the methodology 

proposed since the results for the J-curve hypothesis using GDPJ and NGDPJ are entirely different. 

Moreover, total-export-BTB-based J-curve hypothesis (TJ) testing, based on domestic exports-

based BTB and defined in this study as current and traditional BTB, masks the effects of 

USDappreciation/depreciation on GDPJ and NGDPJ; consequently, it may lead to erroneous results 

in J-curve testing. The results of this empirical study clearly reveal the need to support the 

methodology proposed in further studies concerning different countries. From a policy perspective, 

policymakers will obtain much more detailed information to ensure much more manageable and 

sustainable bilateral trade balances using this proposed methodology. 
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Appendix 1 Product-Wise J-curve formations (predicted graphs) for GDPJ, NGDPJ, and TJ. 

Predicted graphs were created only for the industries in which cointegration was detected based on 

the 𝐹𝑃𝑆𝑆 test.  
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1. GDPJ (GDP-driven-BTB-based J-curve hypothesis)
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2. NGDPJ (non-GDP-driven-BTB-based J-curve hypothesis)
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3. TJ (total-export- BTB-based J-curve hypothesis)

�� �
��

���������������������������������

��
����

������������������������������������

�����

��������������������������

��
�����

��������������������������� �

��������������

㬀�� ����������� �����������

����

���������������������������

�� ���

����������������� ����

������䠀��� ����������

������������������������������

�����������������������

������ ��������� ������

������
������������������

℀��
℀�������������� �

���

��
�����



The impacts of exchange rate on US adjusted bilateral trade balance with Germany under Brexit 

33 
 

 

���������������������� ������

��

�縀 ��������������������������

���������������������������������

��縀����

��������������� �������� ��������

�����

���������������������

��
��

��
�����

������������������������ �

��
�����

������������� �������������

�����

����������������������������������

�������� �����������������������

��
�����

�� ����


	Abstract
	1. INTRODUCTION
	1.1. The gap in the literature and proposed methodology

	2. LITERATURE REVIEW
	3. EMPIRICAL MODEL AND METHODOLOGY
	4. EMPIRICAL FINDINGS
	5. POLICY IMPLICATIONS
	6. CONCLUSION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	SOURCE OF FUNDING
	ETHIC STATEMENT
	REFERENCES
	Appendix 1
	1. GDPJ (GDP-driven-BTB-based J-curve hypothesis)
	2. NGDPJ (non-GDP-driven-BTB-based J-curve hypothesis)
	3. TJ (total-export- BTB-based J-curve hypothesis)




