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	ABSTRACT             

	[bookmark: _heading=h.gjdgxs]This study examines the asymmetric effect of the rupiah exchange rate on Indonesia's Crude Palm Oil (CPO) exports during the period 2006 to 2023. Utilizing the Nonlinear Autoregressive Distributed Lag (NARDL) approach, this study captures the short-term and long-term asymmetric relationship between exchange rate fluctuations and export values. Earlier research typically use linear models on aggregate data, thus possibly ignoring sector-specific dynamics. This study, on the other hand, focuses on the unique characteristics of CPO exports, which reveal different responses to rupiah appreciation and depreciation. The results of the analysis indicate a significant asymmetric effect in the long run, where rupiah depreciation increases the competitiveness of CPO exports, while appreciation tends to decrease it. However, no significant asymmetric impact was found in the short run. The NARDL analysis reveals that depreciation in the exchange rate exerts a more significant influence on export performance compared to appreciation., thus supporting the need for adaptive policies to maintain export stability in the CPO sector.
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INTRODUCTION 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Changes in the value of the rupiah in relation to the US dollar have had a significant impact on Indonesia's export industry (Cheung & Sengupta, 2013). One of the main export commodities affected by exchange rate volatility is crude palm oil (CPO), which accounts for a significant portion of the country's foreign exchange profits. As the world's largest producer of CPO, Indonesia depends heavily on its exports to maintain economic stability, particularly in terms of foreign exchange (Narayan & Narayan, 2004). As a result, changes in external factors such as global demand, international pricing, and currency rate fluctuations can have a direct impact on the performance of CPO exports (Bahmani-Oskooee & Mohammadian).
One of the world's biggest producers of CPO, Indonesia mostly relies on exports to maintain economic stability, particularly in terms of foreign exchange. Therefore, the performance of CPO exports may be immediately impacted by any changes in external factors, such as worldwide price, global demand, and undoubtedly exchange rate variations. Furthermore, bilateral agreements, export taxes, and trade-related national and international economic policies can all have a big influence on how competitive Indonesia's CPO is on the world market.
Since CPO is a strategically important commodity, any changes in international commerce, particularly currency exchange rates, may have an effect on the industry's success. However, historical data indicates that Indonesia's CPO export volume and exchange rate volatility do not always match economic theory projections. According to general economic theory, as the rupiah depreciates and the exchange rate depreciates, export volumes should rise since product prices become more competitive on the global market (Siregar, 2020). 
However, export quantities need to decrease as the rupiah's value rises. Data on Indonesia's exports of CPO from 2018 to 2023, however, reveal a trend that occasionally deviates from this notion. Exports of CPO, for example, did not substantially increase when the rupiah depreciated or regularly decline when it increased. This trend increases the likelihood that CPO exports may react asymmetrically to exchange rate fluctuations. Figure 1 illustrates the correlation between the value of Indonesia's CPO exports to the international market and the currency rate (Rp/USD).


Figure 1. The Relationship Between the Exchange Rate (Rp/USD) and the Value of Indonesia's CPO Exports to the Global Market from 2018 – 2023
Data on CPO export volumes and exchange rates showed notable oscillations between 2018 and 2023. For example, Indonesia exported 1,279,963 tons of CPO in the first quarter of 2020, but the rupiah fell to Rp16,367 per US dollar. However, the export volume dropped to 1,010,789 tons in the second quarter of 2020 when the exchange rate increased to Rp14,302 per US dollar. Only 850,786 tons of CPO were exported in the first quarter of 2021, however, indicating that there was no appreciable rise in concomitant with the higher currency rate. This data reveals a striking and unequal relationship between CPO export quantities and fluctuations in exchange rates. 
Alternative interpretations of this concept imply that there are more complex factors at play in the link between currency rates and CPO exports. Non-economic factors that have a major influence on export volumes include trade barriers, laws governing the export of CPO, and demand trends from major importing countries like China and India. Export reactions may not necessarily align with expected currency rate swings because to the asymmetric impacts of export restrictions and trade obstacles on CPO export quantities, as per previous research (Hadi, 2021; Leong & Macmillan, 2019).
The use of contractual agreements in international trade is another element influencing the unequal impact of exchange rates on Indonesia's CPO exports. In contractual systems, importers and exporters commit to conducting business on certain conditions, such as predetermined pricing in currencies that may be affected by changes in exchange rates. Because they make more money in local currency, exporters could earn more from declining exchange rates than from increasing ones. Conversely, because of less advantageous currency conversion, revenues might decline during appreciation.
Furthermore, the timing of trade contracts, as well as the negotiation power of exporters and importers, plays a critical role in determining the outcomes of exchange rate fluctuations on CPO exports. Long-term contracts that lock prices in foreign currencies can delay the impact of exchange rate changes, creating a lagged effect on export volumes and revenue. Additionally, price sensitivity in importing countries can influence demand, especially when higher exchange rates make Indonesian CPO relatively expensive compared to alternatives. The interplay between these contractual arrangements and price elasticity suggests that exchange rate dynamics alone cannot fully explain the variability in export volumes, highlighting the need for a multifaceted approach to analyze trade behavior.
The Ministry of Finance (2019) states that there are distinct phases to Indonesia's system of international trade contracts. According to the Ministry of Trade's (2011) instructions, the first step is for the exporter and importer to come to an agreement in writing. The second stage involves the Letter of Credit (L/C) payment mechanism, where the bank provides a payment guarantee according to the importer’s instructions, with payment made after receiving the documents. The third stage is cargo shipment, documented as per the agreement through a bill of lading, and the fourth stage involves document negotiation, allowing the exporter to receive payment while the importer fulfills obligations to obtain the goods.

RESEARCH METHOD 
The focus of this study is the export value of Indonesia's palm oil commodity, specifically in the form of Crude Palm Oil (CPO), directed toward the global market. The dependent variable data is sourced from the International Trade Community (ITC). Meanwhile, the real exchange rate serves as the independent variable and is also derived from ITC records. This research employs secondary data structured as a monthly time series spanning 180 months, from January 2006 through December 2023. To analyze the data, the Nonlinear Autoregressive Distributed Lag (NARDL) method is applied, incorporating an asymmetric framework.
The NARDL methodology is chosen to investigate the asymmetric impact of exchange rate fluctuations on CPO exports. The model includes a cointegration test since the data is non-stationary at the level but achieves stationarity after first differencing. Multiple model variations are tested to identify the most suitable fit. The analysis begins with a stationarity test, which evaluates whether the time series data is stable over time. Following this, the optimal lag length for both dependent and independent variables is determined to establish the best model configuration, based on minimizing the lag count.
Assume that the export value of CPO and the exchange rate have cointegration in the context of cointegration. This implies that although they may temporarily diverge, they tend to return to equilibrium in the long run. There are three possible cases of cointegration: the existence of linear cointegration, the existence of non-linear cointegration, and the absence of cointegration. In recent studies, Shin et al. (2011) introduced a cointegration approach known as the asymmetric ARDL method, which employs the separation of positive and negative partial sums to identify asymmetries in both short-term and long-term relationships. This framework facilitates the simultaneous investigation of non-linear and non-stationary dynamics within the structure of an unrestricted error correction model.
New variables describe occurrences of appreciation and depreciation. According to this approach, the time series of the rupiah exchange rate is broken down into two components, ERt+ and ERt-, which are explained in the following formula:
ERt+ = ∑ t+ = ∑ t,0) ……………………………... (1)
ERt- = ∑ t- = ∑ t,0) ………………….…………… (2)
Where t+ and t- are partial sum processes of the appreciation and depreciation of the rupiah exchange rate. Therefore, the model formulation in the research on the influence of the exchange rate on the agricultural export value in each sub-sector in Indonesia uses an asymmetric approach. The equation model is developed for the export value variable of Indonesia’s CPO. Below is the general NARDL model between the rupiah exchange rate and the export value of Indonesian palm oil CPO related to Shin et al.'s (2014) research:
ΔLNXt = μ + ρLNXt-1 + θ+LNER+t-1 + θ-LNER-t-1 + ∑ ΔLNXt-j + ∑ +ΔLNER+t-j + ∑ –ΔLNER-t-j + et ………… (3)
The dependent variable used in this research is the export value of Indonesia’s palm oil commodity to the global market in the form of CPO (Crude Palm Oil), which is accessed through ITC (International Trade Community). The independent variable is the real exchange rate obtained from ITC. This research utilizes secondary data in the form of monthly time series over 180 months from January 2006 to December 2023. The method used in this study is the Nonlinear Autoregressive Distributed Lag (NARDL) with an asymmetric approach.
The Nonlinear Autoregressive Distributed Lag (NARDL) method is employed to assess the asymmetric relationship between the exchange rate and palm oil CPO exports. A cointegration test is used in the model as it was found that there is no stationarity at the level but present at the first difference. Model variations are applied to obtain the best model. The stationarity test is the initial step in time series data testing, aimed at examining data stationarity. Determining the optimal lag for the dependent and independent variables aims to identify the best model using the minimum lag.
Assume that the export value of CPO and the exchange rate have cointegration in the context of cointegration. This implies that although they may temporarily diverge, they tend to return to equilibrium in the long run. There are three possible cases of cointegration: the existence of linear cointegration, the existence of non-linear cointegration, and the absence of cointegration. In recent studies, Shin et al. (2011) developed an asymmetric ARDL cointegration methodology, which uses the decomposition of positive and negative partial sums to detect asymmetric effects in both the long and short run. The asymmetric ARDL specification allows for the combined analysis of non-stationarity and non-linearity issues within an unrestricted error correction model context.
This study estimates using the above model to observe the asymmetric effects of the rupiah exchange rate on the export value of Indonesian palm oil CPO. The model incorporates an asymmetric approach in both the short and long term. ΔLNXt represents the change in the natural logarithm of the export value of Indonesian palm oil CPO, influenced by changes in the rupiah exchange rate. In the long-term relationship, LNXt-1 indicates the natural logarithm of the export value of Indonesian palm oil CPO. LNER+t-1 and LNER-t-1 denote the long-term exchange rate variables in the equation. In the short-term relationship, ΔLNXt-j represents the change in the natural logarithm of the export value of Indonesian palm oil CPO. The natural logarithm of the export value of Indonesian palm oil CPO is differentiated and takes either positive or negative LNX values. Meanwhile, the short-term exchange rate variables are represented by ΔLNER+t-j and ΔLNER-t-j, which are the changes in the natural logarithm of the short-term positive exchange rate, where the natural logarithm of the exchange rate is differentiated, and either positive or negative LNER values are taken.
The ordinary least square (OLS) equation of equation (3) is used to test the validity of the long-term asymmetric relationship. Technically, we test the null hypothesis, which states that all variable coefficients are zero (𝐽0:ω1=ω2+=ω2−=ω3=ω4=0), opposing this hypothesis is that all coefficients are non-zero. Rejecting the null hypothesis indicates the presence of asymmetric effects. The Wald test is used to examine asymmetric testing in both the long and short term. In the Wald test, we test the hypothesis to see if the long-term coefficients exhibit asymmetric effects with one another (H0:𝐹𝐫+=𝐹𝐫−). In the short term, this can be tested with the assumption that the sum of short-term asymmetric coefficients is similar (H0=∑i+=∑i−), opposing the alternative hypothesis with different quantities.

RESULTS AND DISCUSSION 
Descriptive statistics provide an overview or description of the data, viewed from the mean (average), standard deviation, maximum value, minimum value, and coefficient of variation.
Table 1. Descriptive Statistic
	Variable
	Min
	Max
	Mean
	Stdev
	Coef. Var

	Exchange Rate
	8508
	16367
	11989,1
	2392,75
	0,1936

	Export CPO 
	36757
	1076272
	388360
	215991,2
	0,1285


The results of this analysis indicate that the exchange rate fluctuations of the rupiah significantly influence the volatility of Indonesia's CPO exports, with strong evidence of an asymmetric effect, where rupiah depreciation increases CPO exports, while appreciation has the opposite effect. Based on the descriptive statistical data in Table 1, the exchange rate ranged from a minimum of 8,508 to a maximum of 16,367 with an average of 11,989.1 and a standard deviation of 2,392.75, indicating substantial fluctuations in the exchange rate during the study period. CPO exports also exhibited significant variation, from a minimum of 36,757 to a maximum of 1,076,272 with an average of 388,360 and a standard deviation of 215,991.2. A coefficient of variation above 0.2 for both variables indicates considerable heterogeneity, consistent with the definition of variation by Sudjana (1996).
A comparison between the mean value of each variable being greater than the standard deviation suggests favorable results for all variables. A coefficient of variation below 0.2 indicates that the exchange rate and CPO export data are considered homogeneous. According to Sudjana (1996), a coefficient of variation below 20 percent or 0.2 is deemed indicative of homogeneous data, enabling more accurate interpretations as low data variability facilitates the identification of consistent patterns and trends. Additionally, Montgomery & Runger (2014) emphasize that data stability is crucial in the analysis process, as homogeneous data simplifies control and enables more precise decision-making. Gujarati (2011) also notes that low variability allows for consistent and reliable analysis, while high variability suggests the presence of external factors that may affect the analysis results.
Table 2. The Result of the Phillips and Perron data stationarity test (1998)
	Variable
	Level
	First Difference

	
	t-stat
	Prob.
	t-stat
	Prob

	Exchange Rate
	-0.856177
	0.800
	-12.04406
	0.000 ***

	Export Palm Oil
	-6.517058
	0.000 ***
	-14.49817
	0.000 ***


Note : ***, ** significant at the 1 percent, 5 percent
The Phillips-Perron (PP) test is used to ensure that the time series data being analyzed is stationary, as non-stationarity in time series data can lead to biased and unreliable regression results. In order to determine whether a unit root is affecting the stability of the data, this test is performed at both the level and first difference. Phillips and Perron (1988) state that the test addresses the problems of autocorrelation and heteroskedasticity in the error term and provides stronger and more appropriate results for time series data than simpler methods like the standard Dickey-Fuller test. The test uses automatic lag selection based on the Schwarz Information Criterion (SIC) to ensure that the impact of autocorrelation in the error term is optimally accommodated.
Based on the Phillips-Perron (PP) approach, Table 2's stationarity test results show that the exchange rate is non-stationary at the level with a probability of 0.800 but becomes stationary at the first difference. Both variables exhibit stationarity and CPO exports remain steady at the level after first differencing. Table 3's cointegration test findings show a long-term correlation between CPO exports and the exchange rate, with an F-statistic value of 8.28190 that is over the upper bound and significant at the 1% level. Indonesian CPO exports and the exchange rate have a long-term link, or cointegration, according to the research's results. Regardless of any short-term fluctuations, this suggests that the two variables are associated over the long run.
Table 3. Cointegration test results
	Variable
	F-stat
	Prob
	Table Bound Test 99%
	Cointegration Result

	
	
	
	I(0)
	I(1)
	

	Palm Oil Export
	8.28190
	0.000***
	5,15
	6,36
	Cointegrated


Note : *** Significant at the 1 percent
This is in line with research by Bahmani-Oskooee and Fariditavana (2016) and Deliktaş and Karadaş (2021), which found that local currency depreciation typically increases export competitiveness in developing countries. Currency rate depreciation can increase Indonesia's exports of agricultural products like CPO, just like it does for Turkey's agricultural products. Research on Malaysian palm oil exports by Kandasamy et al. (2020) supports this result by showing that devaluation has a significant long-term beneficial impact whereas appreciation tends to drastically reduce exports. According to this cointegration,
Long-term, the alternative hypothesis (H1) is L+r ≠ L-r, while the null hypothesis (H0) is L+r = L-r. If H0 is rejected, then there is an asymmetric effect in the long term. Meanwhile, in the short term, the null hypothesis is formulated as H0 = ∑ i+ = ∑ i-, and the alternative hypothesis is H0 = ∑ i+ ≠ ∑ i-. The estimation results of the long- and short-term asymmetry test can be seen in Table 4.
Table 4. NARDL estimation of the effect of the rupiah exchange rate on export of Palm Oil
	Export Palm Oil Indonesia

	Lag
	∆XPt
	∆ER+t
	∆ER-t
	XPt-1
	ER+t-1
	ER-t-1

	1
	-0.18806
(0.0139)***
	0.81551
(0.0016)***
	-1.6369
(0.4633)
	-0.32328
(0.0000)***
	-0.663471
(0.0412)**
	-0.794549
(0.0909)

	2
	-0.09093
(0.1925)
	
	
	
	
	

	AdjR2
	LM
	HET
	Lpos
	Lneg
	WLR
	WSR
	Cusum
	Cusum SQ

	0.40855
	0.8643
	0.4718
	(0.0319)
	(0.0472)
	4.2796
(0.0151)***
	0.3054
(0.7372)
	Sign
	Sign


Note : *** Significant at the 1 percent
The NARDL model estimation in Table 4 shows that rupiah depreciation has a negative effect on CPO exports in the long term, with a coefficient of 0.81551. The asymmetric relationship between the rupiah exchange rate and exports from each agricultural subsector is a double-log function, which can be interpreted as elasticity. This positive coefficient indicates that a 1 percent depreciation in the rupiah is associated with a 0.81551 percent increase in Indonesian CPO exports. This means that when the rupiah weakens, the competitiveness of Indonesian products increases, which in turn drives exports, particularly for commodity products such as CPO. This finding aligns with the theory stating that currency depreciation can lower the price of export products in the international market, thus boosting demand from export destination countries. This also supports the hypothesis that the strengthening of Indonesia’s product competitiveness in international markets occurs when the local currency depreciates, providing a competitive advantage for exporters.
On the other hand, with a coefficient of -1.6369, rupiah appreciation exhibits a larger adverse effect. Because of this negative coefficient, Indonesian CPO exports will fall 1.6369 percent for every 1% increase in the value of the rupiah. This adverse consequence suggests that when the value of the Indonesian currency increases, export goods become more costly for countries that buy them, potentially decreasing the attractiveness of Indonesian goods on the global market. This could result in less demand for exports, particularly for commodities like CPO that are extremely price-sensitive. Given the more competitive export goods when prices decline, this effect shows that the global market responds more to rupiah depreciation than appreciation.
The results of Bahmani-Oskooee and Fariditavana (2016), which demonstrate that depreciation can improve export competitiveness in developing nations, particularly the agriculture sector and other top items like palm oil, are in line with these findings. It has been demonstrated that rupiah depreciation has a major short-term impact on exports, whilst rupiah appreciation has no discernible impact. This suggests that CPO exports are more sensitive to depreciation, which may be seen as a shorter-term market response to currency swings. With an adjusted R2 of 0.40855, the diagnostic model suggests that other external factors also affect export success, as exchange rate changes only account for around 40.85% of the variation in CPO exports. This is consistent with the findings of Benhmad and Percebois (2019).
The estimation results in Table 4 show that the Indonesian CPO export variable has a long-term asymmetric effect on the Indonesian exchange rate with a WLR value of less than 0.05, but the WSR value of 0.7372 indicates that Indonesian CPO exports do not show an asymmetric influence in the short term, indicating that the asymmetry test does not show a significant short-term impact of currency rate and CPO exports. This is explained by the use of long-term contracts in CPO exports, which reduces the short-term direct impact of currency rate fluctuations on exports.
Krugman and Obstfeld's (2005) J-Curve theory, which holds that exchange rate fluctuations will have a greater long-term impact on exports following contract and market adjustments, is in line with these findings. Zakaria's (2013) recent study demonstrates that exchange rate fluctuations affect exports over an extended period of time, even though the effects may not be immediately noticeable. According to Zakaria (2013), the consequences become increasingly apparent over time since exporters require time to adapt to changes in currency rates. Moreover, the research conducted by Bostan and Firtescu (2018) shows that exports are not always affected linearly by changes in currency rates.
Changes in the rupiah's value have no direct effect on CPO exports. According to the long-term Wald test results, the rupiah exchange rate has an asymmetrical impact on changes in exports from Indonesia's plantation industry. The influence is considerable, with a probability below the significance threshold. Long-term asymmetry suggests that depreciation and appreciation shocks must be examined separately since they frequently affect the dependent variable in different ways. To put it another way, Indonesian CPO exports respond differently to over time to depreciation and appreciation. These results are supported by Nguyen and Sato's (2019) research, which also revealed an imbalanced link between exports and the currency rate. the numerous consequences of both appreciation and depreciation of the Rupiah.
One of the challenges, according to Khairunisa (2017), is the Renewable Energy Directive (RED) rule of the European Union, which prohibits the use of biofuels made from palm oil since their carbon emissions are higher than the threshold of 35 percent imposed by the EU. It is also more difficult to export Indonesian agricultural goods, including CPO, due to the implementation of programs like the EU's Farm to Fork initiative, which increases food safety regulations, and restrictions on pesticide residues (Wahida, 2021). As a result, in addition to fluctuations in currency rates, external factors such as trade laws and environmental requirements have a big influence on Indonesia's CPO exports.
Changes in exchange rates can have a number of implications, according to recent studies, especially on how a nation responds to currency appreciation and depreciation. CPO and other agricultural goods are particularly affected by this. Recent studies suggest that the effects of exchange rate swings on exports might not be equal, with periods of currency depreciation having a greater impact than periods of appreciation (Handoyo et al., 2023). Depreciation can make items like CPO more competitive in international markets, whereas appreciation tends to make export commodities less attractive since they become more expensive in foreign markets, according to this research.
By highlighting that the impact of exchange rate variations varies depending on whether the currency rate is undergoing a positive or negative shock, Iqbal et al.'s (2022) research adds additional support for a non-linear link between exchange rate volatility and trade flows. As seen by Indonesia's CPO exports, these findings show that exporters face unique challenges when currencies increase or decrease, which affects the price competitiveness of CPO in export markets. Policymakers can develop more effective policies for Indonesia's agricultural industry, particularly for CPO commodities, if they have a better understanding of this connection.
Although depreciation tends to increase long-term export competitiveness, appreciation tends to decrease it. Overall, the estimation findings of the NARDL model show that the rupiah exchange rate has an inconsistent impact on Indonesia's CPO exports. Because devaluation makes Indonesian commodities more attractive on the international market, it will boost CPO exports while appreciation will increase prices and reduce demand for exports. These results are further supported by the J-Curve theory, which holds that the impacts of exchange rate swings become increasingly apparent over time after market corrections. Nonetheless, external factors like global trade laws, particularly the European Union's RED policy, also have an impact on Indonesia's export limitations on CPO.

CONCLUSION 
This study reveals that the rupiah exchange rate exerts an asymmetric impact on Indonesia's CPO exports. It has been shown that a depreciation of the rupiah enhances the competitiveness of CPO exports in global markets, leading to an increase in export volume. This is in line with the theory that currency depreciation can make export products more affordable, increasing demand from buying countries.
Conversely, rupiah appreciation has a negative impact on CPO exports. When the rupiah strengthens, the price of CPO products becomes more expensive, which reduces the attractiveness of these products in the international market. Therefore, the market is more responsive to depreciation than to exchange rate appreciation. In the short term, the impact of rupiah depreciation on CPO exports is more significant than rupiah appreciation. This indicates that in the short term, exchange rate fluctuations have a greater impact on product price competitiveness. However, in the long term, market adjustments and other external factors, such as international trade policies, also affect export performance.
Overall, the findings of this study validate that the asymmetric effect of exchange rates on CPO exports must be considered in formulating trade policies. Rupiah depreciation can encourage exports, while appreciation tends to hinder them. This study also shows the importance of considering external factors, such as international trade policies, in determining Indonesia's CPO export strategy.
Based on research findings that show an asymmetric influence between the rupiah exchange rate and Indonesian CPO exports, with rupiah depreciation increasing export competitiveness in the long term, while rupiah appreciation risks reducing that competitiveness, a number of recommendations can be put forward. The Indonesian government should prioritize formulating policies aimed at stabilizing exchange rates while considering their long-term effects on the competitiveness of export commodities. In addition, to overcome the negative impact of rupiah appreciation on exports, it is important for the government and private sector to improve product quality, expand export markets, and seek product diversification opportunities to reduce dependence on exchange rate fluctuations. In addition, the development of a more aggressive international marketing strategy and improvement of logistics facilities also need to be considered to maintain the competitiveness of Indonesian products in the global market. Second, the CPO export sector needs to pay attention to external factors such as international trade policies that can affect export performance. An example can be found in the European Union's Renewable Energy Directive (RED), which imposes restrictions on the utilization of biofuels derived from palm oil. For this reason, the Indonesian CPO sector needs to adapt to these policies through innovation in production and utilization of environmentally friendly technology. The government and exporter associations must also be more intensive in communicating with export destination countries to ensure that the established food and environmental safety standards can be met. In this way, despite exchange rate fluctuations that affect exports, the Indonesian CPO sector can still maintain its competitiveness and increase exports in the global market.
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The Exchange Rate (IDR/USD) Relationship with Indonesia's CPO Export Value to the Global Market from 2018 to 2023
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