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Abstract 

Most of studies in past literature on J-curve has been dealt with aggregated data of trade and very 

few deals with phenomena of non-linear ARDL. This study does an analysis of J-curve by using 

annual data of 1970-2015 for industrial dis-aggregated exports of Saudi Arabia, to remove 

aggregation biasness, by using non-linear ARDL technique introduced by Shin et al. (2014). The 

strong evidence of cointegration of real exchange rate and industrial exports has been found for 

all of our models. World income has been reflected the positive contribution in industrial 

exports. An appreciation of Saudi Riyal has been found responsible for depressing the industrial 

exports except of food stuff and metal and articles in the long run. A devaluation has been 

helpful in raising industrial exports except the food stuff, plastic products and other exports’ 
group category. Asymmetrical effects of devaluation and appreciation have been found in 

industrial exports. J-curve hypothesis has been validated for only electrical products. This study 

recommends for devaluation of Saudi Riyal to promote industrial exports.      
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1. Introduction 

 

Expansion and liberalization of financial markets along with emerging market economies 

plausibly increased capital flows, as we observed throughout 1990s. These big swings in capital 

flows are attributed to effect the exchange rate. Traditionally view regarding influence of 

exchange rate on economy is considered expansionary, but from the last two decades, this view 
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has been questioned and has been part of the debate. The present study emphases on observing 

the impact of real exchange rate on Saudi Arabia’s some major industrial exports whether 

positive and negative changes (i.e. appreciation and depreciation of a currency) in real exchange 

rate bring what type of changes in industrial exports.  

  

Saudi Arabia’s economy has been broadly dependent on oil export but recent slowdown of world 
oil price compelled Saudi Arab to move towards non-oil production and exports according to 

vision 2030. Oil export revenue nourishes Saudi Arabia’s external and fiscal balances and 

support economic growth as well. But lower oil prices are likely to affect oil-exports revenue and 

economic growth negatively. Therefore, in this crises period, the other non-oil exports and 

particularly industrial exports can be helpful in increasing overall exports’ revenue, balance of 
trade and economic growth. Saudi Arabia with population of 32 million enjoying 20813 USD 

GDP per capita in 2015, and economic growth of 3.4 percent in 2015 as compared to 10 percent 

of 2011. A downturn movement in growth is again majorly attributed by oil price crises. Further, 

due to oil price crises, Saudi Arabia’s foreign exchange reserves are depleting and budget deficit 

is going to touch double digits in 2016.  Saudi Arabia’s exports are gradually decreasing and 
imports are increasing. Therefore the cabinet decided to introduce National Transformation Plan 

to combat the situation with major ingredient of vision 2030. Saudi Arabia is keeping fixed 

exchange rate, officially pegged to the IMF, under special drawing rights, since 1986. Such 

fixing can be dangerous for the economy if exports is not taken care of. Further, devaluation is 

considered as a good policy measure to boost the exports and resultantly beneficial for exports’ 
revenue if elasticity of exports are found elastic. Thus, it is mandatory to observe and forecast 

that what else could have been occurred in depreciation or appreciation of a currency, what will 

be the elasticity of exports’ demand with response to change in exchange rate resultantly and 

overall possible response of exports. Manufacturing industries in Saudi Arabia progressed 

steadily over the past few years. From the year 1975 to 2015, share in manufacturing GDP (at 

constant price) of manufacturing industry (other than oil refining industry) increased from 57 

percent  to 87 percent. While the contribution of manufacturing industries in total GDP has 

improved from 4.1 percent to 13.5 percent and manufacturing exports of total merchandize 

exports has been increased from 0.57% to 11.25%. On the other hand, oil-exports are still more 

than 80% of total exports (Ministry of Economic & Planning, Saudi Arabia).  

 

In the period of oil price crises, there is a dire need of industrial exports’ growth to support the 
balance of trade and the whole economy as well. One of increasing industrial exports strategy 

can be of devaluation policy to increase the demand for Saudi industrial goods in the 

international market and particularly in the Gulf market. But this policy requires the factual 

estimates of devaluation on the industrial exports’ revenue. Therefore, this study explores the 

repercussions of devaluation of Saudi Riyal on industrial exports of Saudi Arabia. This study 

aims to explore the possible linkages between exchange rate and industrial exports by applying 

Non-Linear Autoregressive Distributive Lag Approach (NARDL) introduced by Shin et al. 

(2014). Both, devaluation and appreciation may have same or opposite effects on industrial 

exports. Further, the effect of positive and negative movements of exchange rate may have effect 

of equal magnitude or its effect might have different magnitude as well. In large, devaluation 

may encourages exports, discourages imports and may improve balance of trade. This is 

expansionary dimension of an economy through devaluation of a currency if demand for exports 

is price elastic. Globally, so far studies have found mixed evidence for the influence of exchange 



rate on exports.  Empirically, literature is less fragmented and stood inconclusive regarding 

impact of exchange rate on exports in general. Theoretically and empirically it is generally found  

that a devaluation may lead to increase in exports if demand elasticity of exports are found 

elastic. Further, price elasticity of exports’ demand is also different in the short and long run. 
Therefore, short  and long run analysis of devaluation/appreciation is also a focus of this study. 

 

Rest of this study is structured as follows: second section follows literature review, third 

describes data and methodology, section four discusses results and descriptions and fifth section 

concludes the study with appropriate suggestions. 

 

2. Literature Review 

 

Empirically literature confirms that a planned real exchange rate may be helpful for export 

diversification and thereby economic growth. Exchange rate effects pass on whole economy 

through demand sided effect mostly. The channel of this effect is that devaluation of a currency 

decreases the price of local goods of a country in the international market and also increases 

international competitiveness. A favorable outcome from currency devaluation is not an easy 

task. Trade balance can only be corrected if elasticity of export demand of domestic goods and 

elasticity of import demand of foreign goods are elastic. On the other hand, aggregate supply 

effects of currency devaluation increase input cost and imported raw material cost. Literature 

provides us mixed results from the impact of exchange rate subjected with different 

methodologies and different sets and sample of nations. With their respective objectives, some 

studies have explored “the Dutch disease effect” on oil exporting economies. Dutch disease 

explains that with exploration of oil, a lot capital inflow enter in country that in turn appreciate 

the exchange rate and it has negative effect on the exports of products other than oil as an 

appreciation will increase the price of exports in the international market and these product are 

facing less price competitiveness in the international market (Beine et al., 2009).  

 

Arize (1995) is criticizing previous literature for not considering unit root therefore his study 

utilizes a cointegration approach to estimate the influence of exchange rate on exports of 

Netherland, Switzerland, Denmark and Sweden with trading partners. His study finds one 

cointegrating vector in the export demand model. Further it reveals negative impact of exchange 

rate of these four countries on export performance and concludes that a devaluation is helping in 

raising exports. Further, Arize (1998), when applied the cointegration for 8-European countries’ 
imports, finds a positive relation between exchange rate and imports. It means that a devaluation 

is helping in reducing imports in these countries. Some studies explored the relationship via 

Marshall-Lerner condition and checked its application in different countries. Bahmani-Oskooee 

and Cheema (2009) utilizes the ARDL cointegration to investigate the J-curve hypothesis with 

Pakistan at aggregate level and with disaggregation of trade with her 13 major trading partners. 

They find no evidence of any effect of devaluation on the trade balance at aggregate level. 

However, they find that devaluation helps in improving trade balance Pakistan with her half of 

major trading partners by fulfilling the Marshal-Lerner condition. Paleologos and Georgantelis 

(1997) utilizes the cointegration analysis on the relationship of exchange rate and trade balance 

for Greek and finds the expected result of devaluation on trade balances. Further, Ratha (2010) 

finds that devaluation has been improved the overall Indian trade balance. 

  



Bahmani-Oskooee and Margeret (1992) also check J-curve for selected developing countries by 

using quarterly data. The lags of real effective exchange rate were taken to trace J-curve and J-

curve hypothesis could not be proved for most of countries. Interesting fact is that most of the 

past studies investigated aggregated trade data, thereby contradictory findings were obtained. 

The reason is that aggregated data erroneously, unnecessarily and implicitly assumes that 

estimates of elasticities exchange rate are equal across sectors. This is implausible thinking, so it 

is better to assume different elasticities across sectors regarding impact of exchange rate. 

Baldwin and Krugman (1989) believe that sunk cost for entering into export market may have 

effects on bilateral exports of exchange rate movements. They argue that only heavy shocks to 

exchange rate can affect trade volume. Despite paying sunk cost in advance to enter into export 

markets, firms even need a large depreciation of exporter’s currency to earn profit. Further 
appreciation of a exporter’s currency may have dilute effect. Once paying sunk cost firms wish 
to remain intact with the market even suffering a loss in the short run. Thereby, they advocate 

that positive and persistent effects may obtained of exchange  rate shocks on trade volume. 

 

Campa and Goldberg (2001) investigate the impact of exchange rate by using two decades data 

of annual series of SIC level of two digit for US economy. The study found positive and 

significant impact of exchange rate on wages when interacted with export oriented industry in 

US and negative significant impact when interacted with imports or imported inputs are uses in 

each US industry. Chinn (2006) investigate three different measure of real effective exchange on 

the exports of goods and service. This study revealed that appreciation of a domestic currency 

against all major currencies effect negatively along with the elasticity of minus 2, on exports 

volume.  

 

In conclusion of the literature review, the disaggregated studies could capture right impacts of 

exchange rate on trade. Further, the use of appropriate econometrics has also a strong impact in 

finding the true results. Therefore, this present study is taking care of both these issues. 

 

 

3. Data and Methodology 

 

This study considers annual data series of exports of some major products of Saudi Arabia e.g. 

chemical products, electrical products, food stuff, metal & articles, mineral products, plastic 

product and others exports of small industries for the period of 1970-2015. Though, industrial 

classification can be further enhanced but due to data constraint study limited its focus towards 

some major export groups of products. The exports values are converted in real terms by 

dividing the exports of each industry by GDP deflator of Saudi Arabia.  Our variable of interest 

and time availability of data induced to take the period form 1970-2015. Data on industrial 

exports and real exchange rates is collected from Saudi Arabian Monetary Agency (SAMA). The 

world real GDP (income of the rest of the nations) as an indicator for world demand for Saudi 

exports is collected from World Development Indicators (WDI). All variables are then converted 

into logarithm to capture the log-linear relationships.   

 

3.1 Methodology  

 



The objective of this research is twofold in nature. At first, the study aims to explore the impact 

of devaluation in Saudi currency, a typical fixed exchange rate country ( later converted into real 

exchange rate), have positive effects on industrial exports or not. Secondly, the negative 

movements in exchange rate, devaluation, and the positive movements in exchange rate, an 

appreciation, do not necessarily to have same impacts. There can be asymmetrical impacts of 

these two different movements on the industrial exports of Saudi Arabia instead of same or 

symmetrical effects. At first we may assume a symmetrical model by including a variable of 

exchange rate as a determinant of industrial exports. This can be expressed as:  

 

tttt XRYWINDEXP  +++=        (1) 

 

Model (1) assumes all variables in logarithm. INDEXPt is expressing the industrial exports. Here 

we have not differentiated this variable by any other subscript for different industries as we are 

dealing each industry in a separate model. YWt is used for representing world income/GDP to 

capture the demand for Saudi exports in the rest of world and it is assumed to have a positive 

effect on industrial exports as increasing income can be accompanied by increasing demand for 

exports. XRt is denoting real exchange rate defined as one Saudi Riyal equals to the numbers of 

US dollars. Further, it is converted into real by multiplying the ratio of CPI of Saudi Arabia to 

CPI of United States and a downwards movement of this variable is showing a devaluation of 

Saudi Riyal. The coefficient of XRt is expected to carry a negative sign if Saudi industrial 

exports are rising with a devaluation of Saudi Riyal.  

 

The equation (1) can be termed as a symmetrical model as the variable real exchange rate does 

not carry  both positive and negative movements. Shin et al. (2014) proposed the methodology to 

differentiate one variable into two variables by the following way:   
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Equation (2) is calculating the partial sum of positive movements in real exchange rate and 

equation (3) is calculating  a partial sum of negative movements. If we replace the variables 

calculated from equations (2) and (3) into equation (1) and expressed the resultant equation in 

the Auto-Regressive Distributive Lag (ARDL) model then we can have an asymmetrical or non-

linear ARDL equation as introduced by Shin et al. (2014). This non-linear ARDL model is an 

extension of a linear ARDL model of Pesaran et al. (2001) and it may articulate in the following 

way:  
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(4) 

 

The first step in the above equation is to find the cointegration at first. The null hypothesis for a 

no long run relationship or no cointegration can be expressed as ( 0==== −+  ). A bound 

test can be performed to test the null hypothesis. If calculated F-values from Bound / Wald test is 



found larger than that of upper critical values generated by Pesaran et al. (2001) then we can 

reject the null hypothesis and may claim a cointegration in equation 4. After validating the 

cointegration, we can proceed for long run effects of our explanatory variables on industrial 

exports by calculating the normalized coefficients of YWt-1, PXRt-1 and NXRt-1 normalized by 

coefficient of INDEXPt-1. The effect of world income is expected to be positive. The normalized 

coefficients of both PXRt-1 and NXRt-1 are expected to carry the negative signs. Because, a 

negative movement in NXR, a devaluation, is probably expanded industrial exports and a 

positive movement in PXR, an appreciation, is expected to reduce industrial exports. 

 

After finding the long run parameters, we can find short run parameters for our explanatory 

variables by defining the Error Correction Model (ECM). The ECM model can be defined by 

including the lag of error term generated from the equation 4. The ECM may have following 

equation: 
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In equation (5), a negative parameter of Error Correction Term (ECT) is an evidence for a short 

run relationship in the model. It is also an alternative evidence for a cointegration in the model as 

claimed by Pesaran et al. (2001). Further, the short run effects can be measured through rest of 

parameters of equation 5 by choosing appropriate lag lengths. The optimum lag lengths are 

captured by the Schwarz Information Criterion (SIC).   

 

4. Data Analyses 

 

The most of macroeconomic series have the issue of unit root and should be tested for 

diagnosing the stationary level. As the ARDL methodology is even efficient in case of a mix 

order of integration i.e. integration at order one or zero. But, the integration of order two is not 

permissible in the ARDL methodology. We have confirmed that all of our tested series are 

stationary at their levels or at their first differences and none of series is needed to test at their 

second difference. Therefore, we can forward our analyses without presenting the unit root tests. 

In table 1, we are performing and reporting the bound tests on the models of industrial exports 

and run some necessary diagnostic tests to ensure the validity of results from estimated models.  

 

Table 1: Bound Tests and Diagnostics  

Industries Chemical 

Products 

Electrical 

Products 

Food 

Stuff 

Metal 

& 

Articles 

Mineral 

Products 

Plastic 

Products 

Others 

F-value (Bound 

Test) 

11.7423 6.7330 2.9000 7.6460 4.1379 4.6297 4.9001 

Serial Correlation 

Tests 

0.3409 

(0.5656) 

0.0429 

(0.9581) 

2.0887 

(0.1029) 

0.3642 

(0.6985) 

0.6519 

(0.4274) 

0.3598 

(0.7010) 

0.8554 

(0.4352) 

Heteroscedasticity 

Test 

1.3448 

(0.2520) 

1.4400 

(0.2330) 

1.6446 

(0.2161) 

1.2726 

(0.2876) 

0.7235 

(0.7398) 

1.6735 

(0.1285) 

0.4933 

(0.8421) 

Normality Test 0.0751 

(0.9632) 

0.8526 

(0.5984) 

0.3312 

(0.8474) 

0.5370 

(0.7645) 

4.0555 

(0.1316) 

1.3586 

(0.5069) 

0.2843 

(0.8675) 



Ramsey RESET 

Test 

0.5120 

(0.4821) 

0.9034 

(0.3723) 

0.3960 

(0.6956) 

1.4986 

(0.1465) 

0.8807 

(0.3872) 

0.7486 

(0.4602) 

1.4193 

(0.1658) 

CUSUM S S S S S S S 

CUSUMsq S S S S S S S 
Note: Upper bond critical values are 3.2, 4.08 and 4.66 at 10%, 5% and 1% respectively. Brackets keep p-values of 

respective tests. S is showing stability of estimated parameters through CUSUM and CUSUM square tests.   

 

The bound tests, in table 1, show the evidence of the long run relationships in our estimated 

models as F-values are greater than a critical F-value (4.08) at the level of significance of 5% 

except food stuff export’s model. The table (2) shows that coefficient of ECT of negative and 
significant in case of food stuff model. Therefore, we can claim that we have found the long run 

relationships in all of exports’ models. Further, F-values of diagnostic tests are presented in the 

table (1) and the p-values are greater than 0.1. Therefore, our estimated models are free of 

econometric problems of serial correlation, heteroscedasticity and non-normality in estimated 

error terms’ series. The Ramsey RESET test is also ensuring the normality of the functional 
forms of exports’ models. Most importantly, the estimated ARDL parameters are stable in the 

testing of CUSUM and CUSUM square tests. Therefore, we can proceed for long and short 

effects of estimated models.      

 

 

Table 2: Non-Linear ARDL Results 

Variables Chemical 

Products 

Electrical 

Products 

Food 

Stuff 

Metal & 

Articles 

Mineral 

Products 

Plastic 

Products 

Others 

Long Run Results 

YWt 3.4176 

(0.0000) 

5.2002 

(0.0173) 

3.5995 

(0.0066) 

3.4223 

(0.0000) 

3.8224 

(0.0000) 

7.2046 

(0.0145) 

7.6539 

(0.0000) 

PXRt -0.5361 

(0.0801) 

-10.1618 

(0.0015) 

-0.2210 

(0.8379) 

-0.1158 

(0.7938) 

-1.7394 

(0.0209) 

-8.4107 

(0.0572) 

-7.0558 

(0.0008) 

NXRt -2.4920 

(0.0000) 

-3.6419 

(0.0041) 

-2.5197 

(0.1469) 

-2.2487 

(0.0003) 

-5.6626 

(0.0604) 

-2.1731 

(0.1667) 

0.5382 

(0.4917) 

Intercept -43.0866 

(0.0000) 

-68.8155 

(0.0175) 

-46.4980 

(0.0070) 

-43.9676 

(0.0000) 

-52.9202 

(0.000) 

-94.7297 

(0.0154) 

-99.7605 

(0.0000) 

Short Run Results 

∆INDEXPt-1 0.6265 

(0.0001) 

0.1854 

(0.0675) 

 0.4647 

(0.0013) 

0.4378 

(0.0156) 

 0.4574 

(0.0037) 

∆INDEXPt-2 0.5669 

(0.005) 

  0.5371 

(0.0002) 

  0.2539 

(0.0699) 

∆INDEXPt-3 0.2393 

(0.0337) 

  0.2082 

(0.0477) 

   

∆YWt -1.9980 

(0.1315) 

4.1334 

(0.0136) 

2.2755 

(0.1860) 

5.0548 

(0.0010) 

-4.7251 

(0.0166) 

4.8281 

(0.0615) 

-2.5962 

(0.2272) 

∆YWt-1 -5.8598 

(0.0000) 

 3.1542 

(0.0586) 

1.8465 

(0.2305) 

-9.9955 

(0.2546) 

4.5556 

(0.0742) 

-7.6434 

(0.0008) 

∆YWt-2 -4.4040 

(0.0044) 

 -3.5599 

(0.0356) 

-7.0182 

(0.0001) 

 -5.5764 

(0.0000) 

 

∆PXRt -6.1259  -8.2602 -7.0854 -4.9955 5.4960 -5.6806 



(0.0026) (0.0023) (0.0001) (0.2546) (0.1350) (0.0503) 

∆PXRt-1 -1.4196 

(0.529) 

-6.1884 

(0.0245) 

-2.3767 

(0.4195) 

 2.9967 

(0.0292) 

  

∆PXRt-2 0.0922 

(0.9685) 

 4.8322 

(0.1310) 

 -3.3997 

(0.0169) 

  

∆PXRt-3 3.5405 

(0.0346) 

 4.9948 

(2.4841) 

 2.2715 

(0.0220) 

  

∆NXRt -3.7437 

(0.0008) 

-0.8454 

(0.3977) 

-3.5169 

(0.0143) 

-4.3084 

(0.0016) 

-4.7302 

(0.0002) 

-5.2509 

(0.0027) 

1.0334 

(0.4240) 

∆NXRt-1 3.4312 

(0.0018) 

 1.8199 

(0.1966) 

4.3339 

(0.0030) 

-6.3316 

(0.1288) 

-3.4082 

(0.0379) 

 

∆NXRt-2 4.8771 

(0.0002) 

 2.5246 

(0.0706) 

3.9263 

(0.0017) 

7.06433 

(0.0620) 

-2.9363 

(0.0240) 

 

∆NXRt-3   -3.2857 

(0.0073) 

 -2.0184 

(0.0000) 

  

ECTt-1 -1.6147 

(0.0000) 

-0.4932 

(0.0002) 

-0.5498 

(0.0004) 

-1.1442 

(0.0000) 

-0.4590 

(0.0000) 

-0.5279 

(0.0000) 

-0.8 912 

(0.0000) 

Note: Brackets ( ) keep p-values based on t-test 

 

Table (2) also shows long and short run parameters. In the long run estimates, world income is 

positively and significantly impacting the all industrial exports of Saudi Arabia. PXR has 

negative effects on all of industrial exports except of food stuff and metal & articles in the long 

run. It means that an appreciation in real exchange rate is adversely affecting the industrial 

exports as expected for most of industrial exports. Likewise, negative movements of exchange 

rate have also negative and significant impacts on all industrial exports except the food stuff, 

plastic products and other exports’ group category in long run. The negative movements of 

exchange rate has also expected sign in the above mentioned categories of industrial exports and 

therefore devaluation creates favorable impacts on industrial exports at large. Further, the 

evidences of presence of J-curve effect has been observed in case of exports of electrical product 

as the short run effect is at least found insignificant if not positive and significant and long run 

negative effect is found significant. It means that a devaluation could not achieve its objectives in 

short run but it remain effective in long run by improving the electrical products’ exports’ 
performance. In short run analyses, parameters of ECTt-1 are negative and significant and 

therefore the all models carry short run relations and this is also an alternative proof for 

cointegration as well. Further, devaluation helps in improving the exports performance in short 

run in case of all industrial exports except electrical products and others and appreciation has 

been found responsible for depressing industrial exports in all cases except plastic products. In 

overall analysis, the devaluation and appreciation have expected impacts on the most of 

industrial exports in long or short runs and only one evidence, for electrical exports’ model, is 

found for J-curve hypothesis. Further in the analyses of asymmetry, all model are showing the 

asymmetrical effects in long and short runs as positive and negative variables of exchange rates 

are showing different magnitude / signs of their coefficients.         

 

5. Conclusion and Policy Recommendations 

This study is aiming at finding the effects of devaluation on industry-specific exports in Saudi 

Arabia by using annual data of 1970-2015 for each industry. It utilize the latest non-linear ARDL 



introduced by Shin et al. (2014) for this purpose. We find the cointegration in all of industrial 

exports’ models and short relationships as well. Further, concluding present study, it is clear 

evident from the above discussion in the result section that world income is helping in raising 

industrial exports and theoretically proven fact vindicates the present empirical evidence of 

world income, that is improving the industrial exports of the Saudi Arabia. A appreciation of 

exchange rate has negative effects on all of industrial exports except of food stuff and metal & 

metal articles. Therefore, appreciation has adverse impact on industrial exports in most of cases. 

Likewise, devaluation has negative impacts on all industrial exports except the food stuff, plastic 

products and other exports’ group. Therefore, devaluation is remained helpful in enhancing the 

industrial exports while an evidence of J-curve has been found for electrical products. In the 

short run analysis, appreciation has been found responsible for lowering exports in all industrial 

exports’ categories except plastic products. And devaluation helps in improving the exports 

performance in short run in case of all exports except electrical products and others. Though no 

short effect is found in the exports of electrical products but long run negative and significant 

results clearly indicates the occurrences of J-curve. In the light of above findings of short and 

long runs, devaluation of Saudi Riyal is advisable as it has desirable effects on the most of 

industrial exports.  
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