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Introduction: With the increase in non-tariff measures (NTMs) in recent years, understanding their impact on trade policies and agricultural exports is of utmost importance for countries like Sri Lanka, where the proliferation of NTMs has posed substantial impediments to its mango export industry. However, studying NTMs can be challenging due to their complex nature, diverse range, and limited information availability.

Methods: This research aims to investigate the significant effect of NTMs on Sri Lankan mango exports, identify the pivotal drivers influencing mango exports, and analyze the performance of mango exports in Sri Lanka. This study utilized a panel dataset of 16 importing countries spanning the period from 2000 to 2021. The primary focus was on examining NTM-related challenges and obstacles faced by the mango export industry in Sri Lanka. The identification and quantification of these obstacles were achieved through a multifaceted approach in which assessment of NTM-related rejections, both domestic and overseas, evaluation of NTM incidences using frequency and coverage ratio measures, and the deployment of various gravity model equations to quantify the effect of NTMs were taken into consideration. Probit, Ordinary Least Square, Random Effects, and Poisson Pseudo Maximum Likelihood estimation techniques were utilized for data analysis.

Results: The findings indicate a significant inverse correlation between the increase in the total count of NTMs and Sri Lankan mango exports if the country aims to export more mangoes to relevant markets, while Sanitary and Phytosanitary Measures (SPS), Technical Barriers to Trade (TBT), and Pre-shipment Inspection (PSI) contributed to increased mango exports. Among other explanatory variables, the GDP of both importing and exporting countries had a positive influence on Sri Lankan mango exports. Surprisingly, the distance to the importing country had no significant effect, though it shows a negative sign.

Discussion: This study provides valuable insights into the impact of NTMs on Sri Lankan mango exports. It highlights the considerable influence of NTMs on the overall fresh fruit export sector. We recommend proactively aligning internal quality testing regulations with the standards required by destination countries to promote future expansion.
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1 Introduction

In today’s globalized economy, the free movement of goods across borders is paramount for economic growth and development. However, the imposition of Non-Tariff Measures (NTMs) by nations has emerged as a significant barrier to international trade flows, particularly in the agricultural sector (UNCTAD, 2012). These policy tools, which go beyond simple tariffs and serve good reasons like protecting consumers and the environment, can accidentally add layers of complexity that make exports less competitive, discourage investments from emerging economies, raise costs, and limit market access (Xiong and Beghin, 2014; Santeramo et al., 2018). The agricultural sector remains a critical pillar of Sri Lanka’s economy, contributing 7.5% to the country’s Gross Domestic Product in 2022 and employing around 26.5% of the nation’s workforce (Central Bank of Sri Lanka, 2022). Within this sector, agricultural exports, particularly mangoes, offer significant economic potential and a path to resilience amid the ongoing economic turmoil. Sri Lanka’s mango industry encompasses over 29,229 hectares of cultivation and an annual harvest of approximately 529.3 million mangoes, with notable cultivars thriving in major districts like Kurunegala, Anuradhapura, Polonnaruwa, Hambantota, and Rathnapura (Vidanapathirana et al., 2018; Ratnayake and Asian Development Bank, 2019). The country exports mangoes to various nations, including Qatar, Switzerland, the United Arab Emirates, and Saudi Arabia (Trade Earth, 2020). Sri Lanka’s mango industry, with its vast potential for global market expansion, finds itself entangled in a web of technical NTMs, including sanitary and phytosanitary (SPS) regulations and technical barriers to trade (TBT). These measures, designed to ensure product quality and safety, have paradoxically become formidable obstacles, restricting market access and suppressing the export potential of this vital agricultural commodity.

NTMs encompass a wide range of measures, classified into three main categories: technical measures, non-technical measures, and export measures (United Nations Conference on Trade and Development, 2019). Initially, NTMs primarily consisted of quantitative restrictions (QRs) such as quotas and voluntary export restraints, leading to a decline in import volumes and trade values. However, in recent years, technical measures like Sanitary and Phytosanitary (SPS) regulations and Technical Barriers to Trade (TBT) have gained prominence, introducing compliance costs, increasing unit values, and potentially restricting market entry (Cadot et al., 2018). SPS regulations, TBT, and pre-shipment inspections (PSI) pose significant obstacles to fruit and vegetable exports within the taxonomy of NTMs (Levantis and Fell, 2019). Both imports and exports meticulously execute these conformity assessment procedures, including inspections, testing, and certifications, as prerequisites for market entry (Ratnayake and Asian Development Bank, 2019). NTMs address market imperfections, including asymmetric information and externalities, making their optimal level challenging to determine (Swinnen and Vandemoortele, 2011; Santeramo and Lamonaca, 2019). However, they can also introduce complexities, sometimes serving protectionist purposes while at other times fostering competitiveness (Xiong and Beghin, 2014; Santeramo and Lamonaca, 2019).

The multilateral trade negotiations under the Uruguay Round and subsequent bilateral, regional, and preferential trade agreements have resulted in substantial reductions in tariff levels for agricultural commodities (Trienekens and Zuurbier, 2008; Kalaba and Kirsten, 2012; Pushpakumara et al., 2022). Concurrently, this trade liberalization shift has drawn increased attention to NTMs as potential alternative barriers to international trade flows (Hwang and Lim, 2017). Various factors, including the growth of global production networks, the aftermath of the recent financial crisis, the need to address climate change concerns, and the maintenance of consumer demands for food safety and environmental protection, particularly in developed countries, have influenced the imposition of NTMs and their economic effects (World Trade Organization and the United Nations, 2012).

SPS measures and TBT have become the most common types of NTMs. This is especially true in the agricultural sector (Ferrantino, 2006; Mohan et al., 2012; Hilal and Ismail, 2020), where NTMs are much more common than in other products. Tariffs and NTMs on agriculture create a price disparity in exporting countries; consequently, they impact trade flows. NTMs have a more complicated effect on trade because they affect almost all food and agriculture imports, compared to only 40% of imports from all other sectors. Food products also face eight different NTMs on average, while products from all other sectors only face two (United Nations Conference on Trade and Development and WORLD BANK, 2018). In addition to increasing trade costs, SPS and TBT may increase trade volumes by strengthening demand for imported products (United Nations Conference on Trade and Development and WORLD BANK, 2018). Cadot et al. (2018) specifically focus on SPS measures in the agricultural sector, demonstrating how adherence to these regulations can effectively instill consumer confidence in imported goods. The harmonization of NTMs among countries is of considerable significance in reducing the costs associated with them and enhancing trade.

Sri Lanka’s mango export industry remains largely underutilized due to the formidable barriers posed by NTMs and internal rejections. The number of NTMs applied to mango exports has increased significantly in recent years, as shown in Figure 1 (United Nations, 2022). During this period, export volumes fluctuated. When analyzing the breakdown of specific NTMs imposed on Sri Lankan mango exports from 2000 to 2021, SPS measures played a significant role, accounting for 79 percent of the total NTMs imposed on Sri Lankan mango exports. In the rear of SPS measures were TBT measures, which accounted for 19 percent, while other forms of NTMs accounted for 2 percent.
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FIGURE 1
 Total NTMs and mango export values from 2000 to 2021 in Sri Lanka. Source: Author’s calculations based on COMTRADE (United Nations, 2022) and UNCTAD TRAINS databases.


In light of these dynamics, this research aims to comprehensively examine mango export rejections in Sri Lanka, analyze incidence rates and ratios affecting mango exports, and quantify the impact of NTMs, especially technical NTMs (SPS, TBT, and PSI), through the application of a gravity model. By focusing on Sri Lanka’s mango trade and the challenges it faces in accessing premium global markets, this study provides crucial insights for policymakers seeking to enhance mango exports and overcome NTMs. Furthermore, this research’s findings serve as a foundational framework for unlocking the export potential of other agricultural products similarly impeded by NTMs.



2 Literature review

NTMs have evolved into crucial policy instruments extending well beyond conventional customs duties and tariffs, exerting a significant impact on international product trade (Niu, 2018; United Nations, 2019). Initially perceived primarily as non-tariff barriers that emphasized their protectionist nature, such as quotas and export restraints, the term “non-tariff measures” has emerged to encompass their potential to either facilitate or hinder trade (Grant and Arita, 2017). According to UNCTAD (2012), NTMs are policy measures other than ordinary customs tariffs that may influence international trade in goods by altering traded quantities and/or prices. NTMs are a wide range of actions that aim to reduce information gaps (TBTs), lower consumption risks, make the environment more sustainable (SPSs), and affect trade and competition decisions (non-technical NTMs) (Xiong and Beghin, 2014; Swinnen, 2016). While the optimal level of tariffs is zero from a social welfare perspective, determining the optimal level of NTMs is challenging due to their complex relationship linking trade and social effects (Swinnen and Vandemoortele, 2011; Sheldon, 2012).

International trade indirectly contributes to sustainability goals through its association with economic growth. NTMs can act as trade barriers, particularly for markets involving developing nations, but they also have direct associations with beneficial outcomes. SPS, TBT measures, prominent in NTMs, aim to safeguard consumer well-being and environmental welfare (United Nations, 2019). NTMs significantly impact Sustainable Development Goals (SDGs), including SDG 2 (zero hunger), SDG 3 (excellent health and well-being), and SDG 12 (responsible consumption and production), contributing to food security, human health, and environmental preservation (Arora and Mishra, 2019; United Nations, 2019).

From a theoretical standpoint, for consumers, NTMs can enhance trust, reduce transaction costs, and increase demand by mitigating risks and asymmetric information, potentially justifying higher prices for regulated products (Crivelli, and Gro€schl, 2016; Swinnen, 2017). However, producers face higher compliance costs, including fixed costs (e.g., facility upgrades, certification) and variable costs (e.g., prolonged delivery times, rejection of shipments), potentially reducing supply and profits (Xiong and Beghin, 2014). The net effect on trade depends on whether demand-enhancing or supply-reducing effects dominate (Swinnen, 2017).

Empirical evidence on NTMs’ trade effects has been mixed, with studies suggesting that NTMs can hamper trade (Peterson et al., 2013; Bianco et al., 2016; Santeramo and Lamonaca, 2019; Santeramo and Lamonaca, 2020), foster trade (Cardamone, 2011), or have varying impacts depending on the specific NTM, sector, and country (Xiong and Beghin, 2011; Beckman and Arita, 2016). This heterogeneity may reflect the diverse types of NTMs and their rationales (Schlueter et al., 2009), as well as differences in study design and methodological approaches. In general, Technical Barriers to Trade (TBTs) tend to facilitate trade (Frahan et al., 2006), while Sanitary and Phytosanitary Standards (SPSs) exhibit mixed effects, potentially having substantial positive or negative impacts (Schlueter et al., 2009; Jayasinghe et al., 2010; Crivelli, and Gro€schl, 2016; Santeramo and Lamonaca, 2020). Specific measures like Maximum Residue Levels (MRLs) often act as trade barriers (Otsuki et al., 2001a,b; Chen et al., 2008; Ferro et al., 2015).

NTMs can also have varying trade effects across sectors and products. NTMs appear to impede trade in seafood (Anders and Caswell, 2009; Sandaruwan et al., 2020), meat (Wilson and Otsuki, 2003), fruits, vegetables, cereals, and oilseeds (Otsuki et al., 2001a,b), while having limited impact on fats and oils (Xiong and Beghin, 2011). Moreover, NTMs implemented by developed countries tend to negatively affect trade performance in developing countries (Anders and Caswell, 2009; Disdier and Marette, 2010), whereas their effects among developed or developing countries are mixed (Frahan et al., 2006; Yue and Beghin, 2009; Melo et al., 2014).

Furthermore, the proxies used to measure NTMs can influence the observed trade effects. Studies that use ad valorem equivalents (AVEs), frequency indices, or coverage ratios tend to find negative trade effects (Jongwanich, 2009; Grant and Arita, 2017; Fernandes et al., 2019). On the other hand, studies that use dummy or count variables show mixed results, with some showing positive effects (Cardamone, 2011; Shepherd and Wilson, 2013) and others showing negative effects (Peterson et al., 2013; Bianco et al., 2016). The level of data aggregation can also play a role, with more disaggregated data potentially providing crisper policy implications (Li and Beghin, 2012). As stated by Malouche et al. (2013), observing frequency and coverage ratios is useful for comprehending the prevalence of NTMs but provides little insight into their economic consequences, such as their impact on private sector competitiveness or consumer welfare. Saini (2009) looked at the effect of NTMs on Indian exports using quantitative methods like frequency and coverage ratios. He discovered that NTMs had a big effect, changing over 60% of the value of Indian exports at different times. This finding illuminated the pervasive role that NTMs play in influencing India’s trade relations with key partners, highlighting the significance of NTMs in trade dynamics. In light of this, Jha and Bathla’s (2021) study examined the Association of Southeast Asian Nations (ASEAN) as a case study, with a concentration on agricultural commodity protectionism. Their research highlighted the importance of NTMs, specifically SPS regulations, in explaining India’s relatively modest share of global exports. This highlighted the significant impact of NTMs, particularly SPS measures, on agricultural exports, thereby reinforcing their centrality in the Asian agricultural trade landscape.

Studies in the tea sector have found that NTMs, particularly SPS measures and maximum residue levels (MRLs) for pesticide residues, have a negative impact on the tea trade (Dong and Zhu, 2015; Hwang and Lim, 2017; Ranjan and Edirisinghe, 2020). Ranjan and Edirisinghe (2020), for example, estimated that a 1% increase in the controlling severity of the pesticide Endosulfan could lead to a 0.67% decrease in Sri Lankan tea exports. The study by Pushpakumara et al. (2022) examines the impact of NTMs on Sri Lanka’s tea exports and reveals a rising trend in NTMs affecting the value of Sri Lankan tea exports. They found that each additional NTM led to a substantial 48% reduction in tea exports, with NTMs demonstrating a significant tariff equivalent effect of 66%. These findings underscore the urgency of revising NTM policies to enhance export competitiveness, a concern pertinent to other agricultural exports like mangoes in Sri Lanka.

In summary, the existing literature highlights the intricate and diverse nature of NTMs in international trade, with their trade effects influenced by numerous factors requiring a comprehensive and context-dependent understanding. There is a knowledge gap about how the NTMs policies impact mango trade in Sri Lanka. Given the significant implications for trade policy and the achievement of the Sustainable Development Goals (SDGs), we need further research to uncover the complex mechanisms that NTMs operate in international trade across various sectors and countries.



3 Model and data

We initially focused on identifying mango rejections within and outside the country. Initially, mango rejection data was gathered from the National Plant Quarantine Service (NPQS), followed by NPQS stakeholder interviews. When collecting mango rejection data, at first, main internal rejections were identified by collecting internal rejection data at NPQS, and thereafter, external rejections were identified using NPQS notification data. This paper employs a two-pronged approach to assess the impact of NTMs on Sri Lankan mango exports. We first use the incidence approach to quantify the prevalence and coverage of NTMs by calculating frequency ratios and coverage ratios. Second, we adopt the gravity model approach to examine the trade dynamics influenced by factors such as the size of economies, distance between trading partners, and the presence of NTMs.


3.1 Incidence approach

The incidence approach provides insights into the extent of regulation imposed by NTMs without considering their direct impact on trade or economic outcomes (Deardorff and Stern, 1998). The frequency ratio and coverage ratio are calculated using data from the UNCTAD TRAINS database, which maintains a comprehensive record of NTMs at the Harmonized System (HS) 6-digit level for various countries and products. These indicators are derived from a roster of detected NTMs and serve to summarize the prevalence of NTMs on trade. The prevalence score indicates the average number of NTMs applied to items, whereas the coverage ratio and frequency index indicates the proportion of trade exposed to NTMs (Deardorff and Stern, 1998). These indicators are frequently calculated on total trade, considering all forms of NTMs, and can indicate the prevalence of specific NTMs on specific groups of items, such as the amount of SPS controls on agricultural crops.

The incidence of NTMs is used to measure the extent of protection accorded by NTMs (Mehta, 2000). To quantify the incidences of NTMs frequency ratio and coverage ratio were used. The index’s key component is a dummy variable that takes the value of unity when one or more indexes are applied to it. The index’s natural extension is an import coverage index, which weights the current NTM structure on home country imports or global imports. The frequency index is calculated as in Equation (1).
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Where Di is a dummy variable that takes the value if one or more NTMs are applied to this transaction (or zero if otherwise), and Ni is the total number of transactions in the product groups. Thus, Fj indicates the proportion of mango trade transactions subject to NTMs.

In this study, we adopt the coverage ratio as a key metric to gauge the significance of imported NTMs imposed by the importing country on the trade of a specific product. The coverage ratio represents the percentage of trade subject to NTMs, thereby offering insights into the extent to which these measures impact international trade dynamics (United Nations Conference on Trade and Development, 2015). This metric has been extensively utilized in prior researches (Wood et al., 2017; Permata and Handoyo, 2019; Pushpakumara et al., 2022), underlining its relevance and applicability in assessing the regulatory landscape governing global trade. The coverage ratio (Cj) is calculated as in Equation (2).
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Where Vi represents the value of mango exports in the year under consideration, and Di is a dummy variable with a value of 1 if an NTM is imposed on mango exports in that year, and 0 otherwise. Cj reflects the proportion of total mango export value covered by NTMs.



3.2 Gravity model approach

In this research secondary data on NTMs on mango at HS 6-digit level (mango HS code 080450) was collected for 16 different countries (Qatar, United Arab Emirates, the United States of America, Switzerland, Canada, the United Kingdom, Germany, Italy, France, Spain, the Netherlands, China, Russia, Singapore, and Norway). Bilateral export values and other related data were obtained from the COMTRADE database and Trade map. Sri Lanka is considered as a source country and 16 countries are considered as destination countries.

Jan Tinbergen introduced the gravity model in 1962 to explain international bilateral trade (Tinbergen, 1963). The model was named for its similarity to Newton’s law of universal gravitation. Based on Newtonian theory, the gravity model suggests that bilateral trade can be explained by the size of economies and their distance or proximity. Gravity models have become a popular method for assessing the impact of NTMs on trade restrictions over the past decade. The gravity model has the benefit of utilizing trade data, which is more readily available at the disaggregated product level than price data. It can be used for panel data analysis of multiple countries and products with different NTMs over time (Niu et al., 2020). The gravitation model may not adequately account for trade costs (De Melo and Nicita, 2018). Therefore in recent years, researchers have developed a variety of proxies for multilateral trade resistance, such as export destination distance, trade prices, consumer preferences, preferential trade agreements, tariffs, and NTMs (Dou et al., 2015).

The study used descriptive data and a deductive approach. The elasticities of NTMs were determined using the gravity model. The gravity technique is a popular method for analyzing the impact of trade cost factors such as distance, tariffs, NTMs, shared borders, and other trade costs on trade flow (Xiong, 2012). Despite several apparent flaws, the model was usually applied in the trade literature. The data set was built upon the annual bilateral trade value of mango exported to 16 importing countries from 2000 to 2021. The country selection is done according to the export development board data. Normally Sri Lanka’s main mango export destination is Middle Eastern countries and exports a moderate amount of mango to the European Union and the United States. All 16 destination countries were selected for the estimation as trading partners from North America, South America, the European Union, the Middle East, and Asia.

The correlation test, heteroscedasticity, multicollinearity test using variance inflation factor (VIF) and autocorrelation were performed to identify the nature of the data set before selecting the appropriate model. Ordinary least square (OLS), Random Effects (RE), Probit approaches were used as a robust estimation technique even though these methods are vulnerable to heteroscedasticity and do not count zero trade data. To overcome these obstacles widely used Poisson Pseudo Maximum Likelihood (PPML) estimation technique was used to analyze the data. PPML has two major advantages over other techniques and overcomes both econometric issues. First, heteroscedasticity will not result in skewed estimates. Second, zero-trade observations can be included; the PPML estimator is consistent with and without the zero-trade observations and Heckman sample selection estimator (Silva and Tenreyro, 2006).

The potential endogeneity of trade barriers could introduce bias in the assessment of trade effects. It is plausible to posit that trade expansion occurs before the implementation of regulations, such as TBTs, which may be enacted as a means of protectionism or to address consumer protection concerns (Li and Beghin, 2012). Trefler (1993) and Lee and Swagel (1997) have demonstrated that the issue of endogeneity might result in the underestimation of the adverse effects of NTMs on trade. Baier and Bergstrand (2007) highlighted the efficacy of employing a panel data strategy in addressing the issue of endogeneity, particularly when dealing with panel data and fixed-time effects. Therefore, panel data with time-fixed effects was employed as a method to mitigate the issue of endogeneity in technical measures.

The gravity equation could be written as an empirical way as mentioned below where eij is the random error.
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The variable Xijt represents the annual average trade volume from ith country (exporter) to jth country (importer) in year t. The variables GDPit and GDPjt represent the GDP of ith country and jth country in year t, respectively. Tijt represents trade cost of which can be further disaggregate into three components as represented in Equation (4). The variables are defined as shown in Table 1.
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NTMijt is a dummy variable indicating the presence or absence of NTMs imposed on mango imports by the importing count at time t. As mentioned above distance, tariffs and NTMs are components of the trade cost. By substituting Equations (3) and (4) we could obtain as Equations (5) and (6),
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Since the data set had 65.57 percent zero values in trade flows, the PPML estimator was used as the statistical model. In addition to the trade costs mentioned above, the population (Popit and Popjt) and GDP (GDPit and GDPjt) of country i and j in year t were used as independent variables. The modified equations for PPML are stated as Equations (7) and (9).

[image: image]

[image: image]

[image: image]

Where SPSijt, TBTijt, and PSIijt indicates number of SPS, TBT, and PSI measures imposed on mango imports by the importing country, j in year t. While the use of dummy variables for NTMs may not capture the varying levels of stringency or restrictiveness, constructing stringency indices requires detailed data on the specific characteristics and potential trade impact of each NTM measure (Malouche et al., 2013; Cadot et al., 2018). Due to data limitations and the scope of this study focused on a single product, the use of dummy variables serves as a simplification to assess the presence or absence of these measures, consistent with approaches taken in similar studies examining specific agricultural products (Xiong and Beghin, 2011; Santeramo and Lamonaca, 2019, 2020).



TABLE 1 Description of the variables and data sources.
[image: Table1]

In addition to the above estimation technique, we employed a Probit model to analyze the impact of NTMs on the probability of mango exports from Sri Lanka. The Probit model is a widely used econometric approach for modeling binary outcome variables (Wooldridge, 2019), such as the decision to export or not. It estimates the probability of an event occurring (in this case, the probability of exporting mangoes) based on one or more independent variables, including NTMs and other potential determinants. The Probit model can be represented as follows:
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Where: Yijt is a binary dependent variable indicating whether mango exports occurred between country i (Sri Lanka) and country j (Yijt = 1) or not (Yijt = 0) for country j at time t,

• Φ is the cumulative distribution function (CDF) of the standard normal distribution.

• Xijt is a vector of independent variables for country i or between country i and j at time t, including NTMs and other factors affecting export probability.

• β is a vector of coefficients to be estimated.

After incorporating independent variables in the Probit model Equation (10), the model can be represented as follows.The Probit model estimation with panel data allows quantifying the impact of NTMs on the likelihood of mango exports, while accounting for cross-sectional and time-varying factors. This approach is widely employed in the literature to examine the effects of trade policies and other factors on export participation using panel data (Bergstrand et al., 2015; Martin and Pham, 2015; Baltagi et al., 2017). Finally, three separate equations (Equations 8, 9 and 10) were estimated using different estimation techniques.




4 Results and discussion


4.1 The trend of mango rejection and its underlying factors

Analysis of mango rejection patterns reveals a multifaceted landscape both within Sri Lanka and at international borders. Internally, rejections occur across the export-oriented supply chain, predominantly stemming from quality defects, pest infestations, and inadequate certification protocols. Externally, importing countries often reject mango shipments due to similar issues, such as pest contamination and certification discrepancies. Mango rejections within Sri Lanka are largely attributed to the presence of hazardous organisms, with seed weevils and fruit flies being primary concerns (Figure 2). These findings are consistent with previous studies highlighting the detrimental effects of pests on agricultural exports (Jeger et al., 2021). Additionally, quality defects and non-compliance with certification requirements contribute significantly to internal rejection rates.

[image: Figure 2]

FIGURE 2
 Reasons for internal and external rejections. (A) Reasons for internal rejections, (B) Reasons for external rejections, (C) Rejections based on pests. Source: Author’s calculations based NPQS external and internal rejection data.


According to NPQS internal rejection data, nearly 4,500 kilograms of mangoes were rejected for insect infestation. In 2021, roughly 250 kilograms of rejected mangoes will be due to quality defects and lack of a Phyto certificate (Figure 2A). Typically, external rejections occur in the importing country; here, the primary causes of external rejections are the presence of hazardous organisms, the absence of a Phyto certificate, and the absence of additional documentation. Approximately 50 percent of external rejections in 2021 will be due to the presence of pests and hazardous organisms, as depicted in Figure 2B. The absence of a phytosanitary certificate is responsible for 45 percent of all external rejections. In most cases, nearly 10 percent of internal rejections are attributable to the absence of additional documents. In terms of parasites and harmful organisms, seed weevils are responsible for more than 70 percent of mango rejections, according to NPQS data. Fruit flies account for 23 percent of rejections, while other parasites account for 7 percent of rejections (Figure 2C).

The frequency ratio of NTMs on mango exports in Sri Lanka is depicted in Figure 3. As depicted, the United States, Russia, China, Norway, and Singapore regulate all mango tariff lines with NTMs. Typically, Qatar, Italy, and Switzerland regulate more than 80 percent of tariff lines via NTMs, whereas Germany, the Netherlands, and the United Kingdom regulate a smaller number of tariff lines via NTMs. In countries such as Norway, Russia, China, the United States, France, Singapore, the United Arab Emirates, and Qatar, virtually all mango imports are subject to NTMs.

[image: Figure 3]

FIGURE 3
 Frequency ratio (percentage) of NTMs in selected countries. Source: Author’s calculation based on UNCTAD TRAINS database and COMTRADE data base.


Moreover, based on data from Germany and the United Kingdom, nearly 60 percent of mango imports are subject to NTMs. The coverage ratio of NTMs on mango exports in Sri Lanka is depicted in Figure 4.

[image: Figure 4]

FIGURE 4
 Coverage ratio of NTMs in selected countries. Source: Author’s calculation based on UNCTAD TRAINS database and COMTRADE data base.


The analysis reveals that the frequency ratio of SPS, TBT, and PSI measures, China and Russia control all mango exports with SPS and TBT regulations. The United States, Singapore, and Norway regulate Sri Lankan mango exports with 100 percent SPS and TBT measures, as shown in the graph. Qatar, the UAE, Germany, and the Netherlands regulate mango exports with a moderate level of SPS, TBT, and PSI measures, as do other nations. And taking into account the coverage ratio of SPS, TBT, and PSI measurements. Typically, all mango imports from China, Russia, and Norway are subject to SPS, TBT, and PSI regulations. Except for the United Kingdom and Germany, mango imports from all other countries are subject to all SPS measures.

Considering the disaggregated level of NTMs (Figure 5), the most applicable SPS measures on mango imports to the United States are hygienic practices during production related to SPS conditions (A42), authorization requirements for SPS reasons for importing certain products (A14), fumigation requirements (A53), and processing history documents related to SPS measures (A852). In the United States, labeling requirements (B31), testing requirements (B82), and certification requirements (B83) are the most frequently affected TBT measures. The most applicable SPS types for mango are labeling requirements relating to SPS measures (A31), importer authorization requirements for SPS reasons (A15), and tolerance limits for residues or contamination by certain (non-microbiological) substances (A21). And the TBT measure most frequently affected is labeling requirements (B31).

[image: Figure 5]

FIGURE 5
 Disaggregated level of NTM in Qatar, EU, United States, and Singapore. Source: Author’s calculation based on UNCTAD TRAINS database and COMTRADE data base.


The most frequently used SPS types on mango in Qatar are testing requirements related to SPS requirements (A82), certification requirements (A83), inspection requirements (A84), systems approach (A13), and authorization requirements for SPS reasons for importing certain products (A14), while the most frequently used TBT measures are labeling requirements (B31), certification requirements (B83), and inspection requirements (B84). The PSI measure most frequently impacted is PSI (C1). The SPS measures that are most applicable to mango imports into Singapore are the authorization requirement for SPS reasons for importing certain products (A14), treatments to eliminate plant and animal pests or disease-causing organisms in the final product not otherwise specified or prohibition of treatment (A59), certification requirements related to SPS measures (A83), and inspection requirements related to SPS measures (A8). Product quality, safety, and performance requirements (B7) are the TBT measures most commonly affected in Qatar. The frequency distribution chart reveals that PSI (C1) is the only PSI measure that affects mango imports.

The measurement of the impact of NTMs on mango exports from Sri Lanka was conducted in accordance with the third objective of the study. Here 352 observations were used to the analysis. Table 2 presents the summary statistics of the dataset utilized for the analysis.



TABLE 2 Summary statistics.
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The GDP values were taken as nominal to take into account the multilateral resistance and based theoretical literature of gravity model since these values are observed as price indices. Thus, deflating by other factors will give misleading results (Shepherd, 2013). The total number of NTMs imposed on the selected mango products by selected countries was (7317) measures.



4.2 Key drivers of Sri Lankan mango exports

This study examines the effect of NTMs on Sri Lankan mango exports employing four different estimation techniques: Probit, OLS, RE, and PPML techniques. Probit, OLS and RE techniques were used as robust estimation techniques. The results are presented in Table 3.



TABLE 3 Results of Probit, OLS, RE, and PPML estimations.
[image: Table3]

The export volume variable (the dependent variable) contained 65.57 percent zero values. To circumvent the heteroscedasticity issue, the PPML method was employed. According to Yotov et al. (2016), the PPML-obtained elasticity values can be utilized without transformation and take into consideration zero trade flows. The time fixed effect is utilized to capture the unobserved heterogeneity of the countries across distinct time intervals.

SPS, PSI, and total NTMs are the variables of interest. The Probit model revealed a significant positive association between SPS measures and importer’s GDP, indicating that economically robust importing countries and adherence to SPS standards are crucial for mango export success. The SPS represent 79 percent of the total NTMs imposed on Sri Lankan mango exports. In contrast, the results indicate an inverse relationship between the total number of NTMs and the likelihood of Sri Lankan mango exporters gaining access to international markets. This finding suggests that an increase in NTMs corresponds with a decreased probability of mango exports. The cumulative effect of NTMs appears to function as a trade barrier by increasing the compliance burdens and costs faced by exporters, ultimately limiting their market access opportunities. This observation aligns with the existing literature, which has consistently demonstrated the trade-restrictive impact of NTMs across various industries and countries. For instance, Rindayati and Kristriana (2018) reported a similar trend in their study on Indonesian fish exports to major destination countries. Likewise, Sandaruwan and Weerasooriya (2019), Sandaruwan et al. (2020), and Pushpakumara et al. (2022) found comparable results in their analyses of the seafood and tea export industries in Sri Lanka, respectively. The consensus among these studies highlights the potential benefits of streamlining and reducing NTMs, as it could alleviate the compliance burdens and facilitate increased market access and export opportunities for Sri Lankan mango producers. Importantly, importer’s population exhibited a substantial negative correlation with exports probability. The ability of Sri Lankan mango exporters to effectively penetrate the markets of larger importing nations may be hindered by higher entry barriers or stiffer competition. This results compatible with the results of Disdier et al. (2006).

The OLS, RE, and PPML models shed additional light on the relationship between NTMs and export volumes of Sri Lankan mango. Total NTMs continued to have a negative impact on export volumes (p 0.01), highlighting the difficulties posed by regulatory barriers in impeding export expansion. Importantly, we find that importer’s GDP has a positive and statistically significant relationship with mango exports across all models, highlighting the role of economic strength of importing countries in driving demand for Sri Lankan mangoes. In addition, SPS has a consistently strong and positive effect on mango exports across all models, indicating that compliance with SPS standards substantially improves Sri Lanka’s export competitiveness on the mango market, as demonstrated by Probit analysis. In addition, Total NTMs are found to have a significant and negative impact on mango exports, indicating that reducing NTMs could result in increased market access and export opportunities for Sri Lankan mango producers.

The advantage of the PPML model is its compatibility with count zero data and its ability to manage overdispersion and heterogeneity, resulting in more accurate parameter estimates for the relationship between NTMs and export volumes. According to the PPML estimation results, the relationship between the GDP of the importing country, SPS measures, TBT measures, and PSI measures is a statistically significant positive relationship. The estimation results of the GDP importer country are consistent with the previous studies, which found that the GDP of the importer country has a positive effect on exports (Nardella and Boccaletti, 2004; Kalaba and Kirsten, 2012; Hwang and Lim, 2017; Permata and Handoyo, 2019; Sandaruwan et al., 2020; Pushpakumara et al., 2022). As anticipated, distance to the importing country has a negative correlation with Sri Lankan mango exports, but this relationship is insignificant. The population of importing countries has a negative impact, which may be attributable to a saturation effect or the size of the domestic market’s competitiveness. According to the results, a 1 % increase in the importing country’s GDP increased mango exports by 1.56 percent on average, while a 1 % increase in SPS, TBT, and PSI measures increased mango exports by 3.29 percent, 0.81 percent, and 1.05 percent on average, respectively. According to the literature on trade, TBTs may serve as a catalyst for trade. Indicating a tremendously beneficial effect of TBTs. While the literature on trade presents conflicting views on the impact of NTMs, the findings of this study align with the perspective that NTMs can foster trade in certain contexts. Some studies indicate that NTMs hamper trade (Peterson et al., 2013; Bianco et al., 2016), while others suggest that they can act as catalysts for trade (Cardamone, 2011). Additionally, numerous studies have reported mixed effects of NTMs on trade (Xiong and Beghin, 2011; Beckman and Arita, 2016; Santeramo et al., 2018; Santeramo and Lamonaca, 2020). This heterogeneity in the literature may stem from the diverse types of NTMs and their varying rationales (Schlueter et al., 2009). It could also be a consequence of the study design and methodological approaches employed. The positive impact of SPS, TBT, and PSI measures on mango exports observed in this study suggests that these specific NTMs may enhance trade in the context of mango exports, potentially by promoting product quality, safety, and market access.

The empirical findings highlight the importance of NTMs in determining the exports of mango from Sri Lanka. Total NTMs have a substantial impact on both the likelihood of exporting and export volumes. These challenges must be addressed by policymakers and industry stakeholders to promote sustainable export development and strengthen the mango industry’s position on the global market. Importantly, the negative relationship between importer population and probability of exporting indicates that Sri Lankan mango exporters will have a more difficult time entering larger importation markets. Understanding the complexities of larger markets and adapting export strategies accordingly will be crucial for gaining access to and expanding market share in these nations.




5 Conclusion and policy implications

The study focused on fresh mango exports from Sri Lanka, examining the intricacies of mango rejections, NTMs affecting mango exports, and their consequential impact. The study identified the primary factors contributing to mango export rejections to major destinations and highlighted diverse models within the mango industry’s value chain.

Pests and quality defects were the primary causes of internal rejections. To address these issues, farmers should adopt sound agricultural practices, and the government can conduct farmer education programs and provide pest and disease resistant planting materials. In addition, postharvest practices such as proper harvesting, packaging, transportation, categorizing, and grading can mitigate quality defects. Pests and pesticide residues were the leading causes of export rejections from importing nations. To reduce external rejections, both the government and mango exporters should follow appropriate inspection procedures. In major mango-growing regions, the study suggests implementing novel inspection procedures to detect pesticide residues, employing pest irradiation techniques, and adopting a total quality management (TQM) approach.

The research also investigated the incidences of NTMs on mango exports, revealing that the majority of NTMs imposed on Sri Lankan mangoes were SPS measures. We observed that the United States, China, Russia, and the Middle East regulated a substantial portion of mango exports via NTMs. The study also noted the contribution of TBT and PSI measures to the expansion of mango exports. To expand mango exports, the study highlighted the need for the government and exporters to comprehend and adapt to these NTMs, particularly SPS measures.

In addition, the study examined the effect of NTMs on mango exports and found that an increase in the total number of NTMs may have a negative impact on Sri Lankan mango exports. The study also revealed a positive influence of the importing countries’ GDP on Sri Lankan mango exports.

Based on these findings, the study provided policymakers with actionable recommendations regarding the expansion of Sri Lanka’s mango exports. It emphasized the importance of improving internal quality testing regulations to meet international standards and recommended further research in this area to gain a better understanding of the impact of non-target microorganisms on Sri Lankan mango exports.

Using the PPML model, the econometric analysis sheds light on the impact of NTMs on Sri Lankan mango exports. Total NTMs emerged as substantial obstacles, negatively impacting both the probability of exporting and export volume. This emphasizes the difficulties mango exporters face in accessing international markets due to excessive regulatory burdens and compliance expenses. It is essential to address NTMs in order to cultivate a trade-friendly environment and promote the sustainable growth of the mango export industry. Furthermore, the findings highlighted the importance of targeting economically resilient importing countries, as indicated by the highly significant positive correlation between importer GDP and export volumes. To optimize export opportunities, exporters should strategically concentrate on high-demand, high-spending markets. Compliance with international health and safety standards, exemplified by the substantial favorable impact of SPS measures on export volumes, has emerged as a key factor in gaining access to quality-conscious markets. Exporters of mango should prioritize compliance with stringent SPS regulations to acquire consumer trust and expand market access.

In light of our research findings, a number of crucial policy recommendations can be highlighted to promote the sustained growth of mango exports from Sri Lanka. We should prioritize simplifying and harmonizing NTMs to streamline bureaucratic complexities and reduce trade barriers. By implementing international standards and best practices, we can improve exporters’ visibility and predictability on the international market. Moreover, investment in capacity building and technical assistance programs is essential, as these initiatives can equip mango exporters with the knowledge and skills necessary to comply with NTMs compliance requirements. This will enhance their competitiveness and increase their market penetration.

By meticulously implementing these policy recommendations, Sri Lanka has the opportunity to strengthen its mango export sector, foster sustainable growth, and strengthen its position in the global market. Addressing NTMs, targeting high-demand markets, and ensuring compliance with international standards are crucial to maximizing Sri Lankan mango exports and substantially contributing to the nation’s economic growth.
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