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Introduction 

In recent decades, the use of agri-food regulatory standards addressing safety, quality and 

environmental concerns has increased substantially, triggering growing attention to their trade 

and welfare effects (see Beghin, Maertens and Swinnen 2015; Santeramo and Lamonaca 

2019, for recent surveys). However, understanding the economic impacts of these policy 

measures is not trivial. On the one hand, many regulatory standards are set to address 

externalities and market failures and, as such, they can be welfare enhancing or lead to quality 

upgrading and increased market access (Xiong and Beghin 2014; Manova and Yu 2017; 

Cadot, Gourdon and van Tongeren 2018). On the other hand, regulatory standards can limit 

trade and so are often referred to as non-tariff measures (NTMs). The problem with regulatory 

standards is the conceptual difficulty of knowing whether a particular regulation serves the 

and both motives are often combined in a single measure 

(Baldwin 2000; Swinnen 2016). 

This is particularly relevant for developing countries (Murina and Nicita 2017). First, 

because they are typically international standard-takers  and have more limited capacity to 

meet the requirements set by public regulatory standards because of , i.e. a 

difference in implicit quality and safety norms between countries with different income 

levels. Second, NTMs are more abundant in product groups for which developing countries 

often have a comparative advantage, such as agricultural and food products. Finally, it has 

been suggested that through quality upgrading and reducing information asymmetries, 

regulatory standards can stimulate in particular exports from developing countries (Jaffee and 

Henson 2005; Maertens and Swinnen 2009). 

In this paper, we study the trade and economic effects of NTMs, exploiting a rich firm-

level dataset on agri-food exports from Peru. This country is an ideal case study for 

investigating this issue. During the last two decades, Peru has been involved in a process of 



export diversification, shifting from traditional commodities (coffee, cocoa, and cotton) 

towards fruit, horticulture and processed foods. This has triggered an impressive growth in its 

export performance. It is worth noting that these products are precisely those where public 

regulatory standards are more concentrated, especially in high-income countries. While some 

recent studies report positive impacts on employment conditions and worker empowerment 

(see, e.g., Schuster and Maertens 2016, 2017), how these gains have been transmitted to 

poorer farmers has raised concern, particularly regarding the lack of opportunities for 

integrating small-scale farmers in value chains for horticultural exports (see Schuster and 

Maertens 2013; World Bank 2017).1   

We use firm-level customs data for the 2000 2014 period and estimate the impact of 

regulatory standards on , considering several different trade 

margins of adjustment. In particular, we study how firms of different size react to the 

introduction of new restrictive standards in the destination market, and we give particular 

emphasis to the pricing behavior and to the extent to which a new regulatory standard 

affects the quality and quality-adjusted prices of exported goods. It is worth mentioning that 

we work with the entire portfolio of different regulatory standards. In particular, we first 

exploit a rich dataset on specific trade concerns (STCs) raised at the WTO by countries 

affected by (restrictive) sanitary and phytosanitary standards (SPSs). Second, we use 

information from an original dataset from 1995 onwards based on all NTMs notified to the 

WTO, such as emergency and regular SPSs, technical barriers to trade (TBT) and border 

NTMs, such as import quota, price control and antidumping measures.  

Quality is estimated at the firm product-destination level, by relying on the approach 

developed by Khandelwal, Schott and Wei (2013). This methodology is based on the 

1 Peru presents evidence that when large numbers of small-scale producers have succeeded in penetrating 
international markets, usually they have focused on commodities with more modest market requirements, such 
as cocoa, coffee, and bananas. T -
differentiation, exploiting also private standards, such as fair trade (see World Bank 2017). 



estimation of a demand function, and relies on the presumption that, conditional on price, 

products exported in higher quantity are assigned higher quality. By working at the firm level, 

our analysis emphasizes the heterogeneous effects of regulatory standards across different-

sized exporters. 

Using a difference-in-difference research design and addressing potential endogeneity 

problems of restrictive standards to international trade, key findings show that NTMs affect 

agri-food exports of Peruvian firms differently depending on their restrictiveness and the size 

of exporting firms. The trade effects are negative for both the extensive and intensive margin 

for the most stringent standards targeted by STCs, and less so for border NTMs and 

emergency SPSs. The most restrictive standards are particularly burdensome for smaller 

firms. Controlling for restrictive SPSs and border NTMs, we find that TBTs and especially 

regular SPSs, that represent the bulk of agri-food standards, often increase market access by 

affecting positively both the extensive and intensive trade margin. Importantly, only the most 

stringent food standards induce a process of quality upgrading, and this is particularly strong 

for surviving smaller firms. All these findings have interesting policy implications.  

Our paper is related to two main streams of the current literature on trade and agri-food 

standards. First, while many published studies investigate the trade effect of regulatory 

standards (see Santeramo and Lamonaca, 2019), the evidence on the effects of regulatory 

standards on different trade margins at the firm level, especially in developing countries, is 

rare. Together with a recent contribution by Fernandes, Ferro and Wilson (2019), our study is 

one of the first evaluations of how (different) regulatory standards affect exports by firms in a 

developing country, focusing on agri-food trade. In line with Fernandes, Ferro and Wilson 

(2019), we compare regulatory standards with, a-priory supposed, different stringency levels, 

which we consider an important strategy to better understand the complex patterns of trade 

effects of NTMs. From this point of view, we extend the contribution of Fontagné et al. 



(2015), who are the first to use SPS specific trade concerns data. The main advantage of these 

data is that STCs can be considered de facto as restrictive trade measures, being raised by 

countries to the WTO because they represent a trade hurdle. Fontagné et al. (2015), by 

matching WTO data on the STCs with French firms  custom trade data, investigated the effect 

of restrictive SPSs on different trade margins. They find that STCs reduce both the extensive 

and intensive trade margins, and that this effect is stronger for smaller exporting firms. Our 

paper adds to the evidence provided by Fontagné et al. (2015) in three main respects. First, we 

focus on a developing country, Peru, where firm level exports should significantly be more 

affected by restrictive SPS. Second, we combine information on STCs with all NTMs notified 

to the WTO, such as SPSs, TBTs and border NTMs. This may be an important extension, 

because different NTMs may have different effects on firm  export decision, and omitting 

them can raise a potential omitted variables bias. Finally, and perhaps more importantly, we 

extend the analysis of different NTMs considering also their impact on (firm-level) product 

quality and quality-adjusted price, a crucial issue that allows a better understanding of the 

potential welfare effect of NTMs. Moreover, quality differentiation is particularly relevant in 

high-value agricultural export sectors  horticultural produce is for example often graded in 

different quality classes  and plays an important role in accessing export versus domestic 

markets for firms in developing countries (Swinnen and Vandeplas 2011). 

Our study is the first to examine the effect of STCs and different types of NTMs on price, 

quality and quality-adjusted prices at the firm level. Considering price and quality is 

particularly relevant for developing countries. This is because in these countries intrinsic 

quality norms are less demanding and the quality upgrading impact of standards might be 

largest, as it is argued without evidence at the firm level in the debate on the impact of 

agri-food standards for developing countries (e.g. Jaffee and Henson 2005; Beghin, Maertens 

and Swinnen 2015). In addition, by working at the firm level and exploiting heterogeneous 



effects across firms, we can explore to what extent standards actually discriminate against 

small and less productive firms and, indirectly, how they affect competition in the destination 

markets. From this perspective, our findings appear in line with the intuition of Asprilla et al. 

(2019). According to these authors, contrary to tariffs that reduce competition (and market 

power) of foreign firms through classic rent-shifting effects, NTMs alter competition by 

reinforcing the market power of surviving exporting firms, and are detrimental especially for 

smaller firms.  

The remainder of the paper is organized as follows: the next section (Related literature 

and conceptual background) summarizes the relevant literature on NTMs, trade and quality 

upgrading, followed by a conceptual discussion on the impact of NTMs. The third section 

(Data) presents firm-level export data of Peru and the NTM datasets. The section (Empirical 

Strategy) discusses the econometric model and the identification strategy. The fifth section 

summarizes and discusses the results. The final section concludes and draws some policy 

implications. 

Related literature and conceptual background 

There is a growing body of literature on the link between (agri-food) regulatory standards 

and trade flows at the import and export level, and this feeds the debate on NTMs and their 

economic effects. Most evidence comes from gravity models, and often indicates a trade 

reducing effect of NTMs. 2  For example, in the recent meta-analysis of Santeramo and 

Lamonaca (2019), 33 out of 62 studies find a negative trade effect of standards. Many of these 

papers focus on Maximum Residue Levels (MRLs) in agri-food products (e.g. Wilson and 

Academic articles on the trade effect of NTMs increased substantially in the last decades. Santeramo and 
Lamonaca (2019) in their survey documented 14 studies published up to 2000, which became 140 to 2017. 
Clearly, this positive trend parallels the explosion of SPSs and TBTs notifications at the WTO (see WTO 2012; 
Olper 2016). A parallel trend is related to the growth of private and voluntary standards set by business groups 
and large retailers finalized, among other things, to better coordinate modern global value chain. For a discussion 
of their effect on developing country firms and trade issues see, among others, Nadvi (2008) and Vigani and 
Olper (2014). 



Otsuki 2003; Disdier and Marette 2010; Ferro, Wilson and Otsuki 2015), a measure that 

accounts for the restrictiveness of standards. However, several other papers find a negative 

trade effect of standards when overall SPS and/or TBT measures are included (e.g. Disdier, 

Fontagné and Mimouni 2008; Dal Bianco et al. 2016; Arita, Beckman and Mitchell 2017), a 

result that holds in particular when low- or middle-income country exporters are considered. 

Interestingly, about 1/3 of studies surveyed by Santermo and Lamonaca (2019) find mixed 

trade effects of standards (e.g. Wilson and Otsuki 2004; Xiong and Beghin 2014), a results 

that is however not linked to a particular type of standard used in the empirical analysis. From 

this summary evidence, it clearly emerges that simple generalizations on the trade impact of 

standards are particularly difficult (Swinnen 2016).   

Literature studying the effect of trade barriers on export flows has developed in the last 

years starting from the predictions of firm heterogeneity trade models, according to which the 

introduction of a trade barrier induces higher costs, which not all firms can cope with. These 

predictions suggest that only the most productive firms can overcome these costs, and the 

least productive firms are forced to exit the export market (Melitz 2003; Chaney 2008; Melitz 

and Ottaviano 2008). Within this firm heterogeneity trade literature there is a growing 

theoretical and empirical emphasis on the key role of product quality in affecting 

export performance (e.g., Verhoogen 2008; Bellone et al. 2009; Crozet, Head and Mayer 

2012; Kugler and Verhoogen 2012; Hallak and Sivadasan 2013; Feenstra and Romalis 2014). 

However, only few papers investigated the relation between trade policy and product quality. 

For example, Amiti and Khandelwal (2013) showed that US lower tariffs induce quality 

upgrading, but only for products close to the technological frontier. Similarly, Curzi, 

Raimondi and Olper (2015) confirm these findings for the EU agri-food markets. Gaignè and 

Laure (2016) developed a firm heterogeneity model to study how stricter national (quality) 

public standards affect domestic and foreign firms. Interestingly, they showed that higher 



quality standards benefit highly productive foreign firms, which gains from the quality-

induced exit of less productive domestic and foreign firms. However, no empirical studies to 

date have explicitly investigated how different kinds of public standards in the destination 

market affect the quality of export produce and quality-adjusted prices for firms in developing 

countries.3  

Product quality is often acknowledged as a pre-condition for success in international 

markets and for economic development (Amiti and Khandelwal 2013), especially in agri-food 

sectors where the disparity in product quality between local and export markets can be very 

large (Beghin, Maertens and Swinnen 2015; Swinnen and Vandeplas 2011). Quality may be 

particularly critical for exporting firms in developing countries that have to comply with the 

high quality and safety requirements of richer countries to fully integrate in global markets 

(see, e.g., Brooks 2006). However, the compliance with standards can be a means for quality 

upgrading, in particular in developing countries. This is because changing consumers demand 

over the last decades has reshaped agri-food markets competition from being mostly price-

based to be increasingly focused on quality (Curzi, Raimondi and Olper 2015). This is due on 

the one hand to the growing red 

by a number of food scares, despite the consistent progresses in technology (Caswell and 

Mojduszka 1996; Grunert 2005; Henson and Reardon 2005). On the other hand, when 

assessing product quality, consumers increasingly attach higher importance to 

attributes that in most of the cases are credence attributes. These include for instance the way 

they are produced (e.g. organic production or the attention toward issues such as animal 

welfare or environmental sustainability) or their intrinsic properties and food safety attributes 

(e.g. the maximum residue limit of the pesticide) (Henson and Reardon 2005). In this 

framework, standards represent a means for public authorities to improve the level of 

An exception is the work of Olper, Curzi and Pacca (2014) that, however, focused on the impact of EU 
voluntary, and not public, standards and the import quality upgrading. 



regulation requirements in the food system that allows improving food safety and quality. 

Moreover, standards provide a fundamental 

demand for product differentiation. All this suggests that 

there could exists a strict link between product quality and agri-food standards.  

Several studies show how standards may lead to agri-food trade expansion by raising the 

quality of exported products and thereby improving their competitiveness (see Hu and Lin 

(2016) on China; Jaffee and Henson (2005) on Kenya and Peru; Maertens and Swinnen 

(2009) on Senegal; and Olper, Curzi and Pacca (2014) on EU imports). However, strict food 

safety standards can pose a threat to smallholder firms by creating new requirements for 

knowledge about food safety, additional investment in equipment and food safety systems, 

and more intensive linkages between producers and the buyers of their products (IFAD, 

2017).  

To shed some light on the trade and welfare effects of NTMs, it is extremely important to 

assess their heterogeneous effects at firm level, namely on firms of different size and 

productivity. To our knowledge, only a handful of studies have analyzed how regulatory 

standards affect trade at the firm level (e.g. Chen, Wilson and Otsuki 2008; Reyes 2011 

Fontagné et al. 2015; Fernandes, Ferro and Wilson 2019), and no one has addressed the link 

between quality and quality-adjusted price and the restrictiveness of food standards. From this 

perspective, this work provides an innovative contribution to this literature with a focus on 

agri-food trade in a developing country, with more comprehensive measures of NTMs and 

with analysis of their trade effects as well as price and quality effects.  

Theoretical considerations 

The surge of agri-food standards, such as sanitary and phytosanitary measures, parallel a 

concomitant worldwide reduction in tariffs. Yet, it is important to emphasize that the effect of 

the former are significantly different from the latter. Tariffs represent taxes on imports, and as 



such, they induce a cost wedge between domestic and foreign firms. Conversely, while food 

standards may affect imports similarly as tariffs (i.e. reducing trade), they could also act as a 

market-creating measure, for example by increasing consumer information. Clearly, 

depending on which of these two contrasting effects (i.e. trade cost vs. demand-enhancing 

effect) will prevail, the trade effect of a SPS measure could be both positive or negative (see 

Xiong and Beghin 2014; Cadot et al. 2018).  

Our analysis aims at better understanding the firm-level effects of most restrictive SPS 

that are subject to STCs and various types of NTMs on different margins of trade adjustment 

 i.e., extensive, intensive, price and quality  considering potential heterogeneous effects 

across firm size. According to extensions of the Krugman (1980) monopolistic competition 

trade model, which incorporates firm-heterogeneity (e.g. Melitz 2003; Chaney 2008; Bernard, 

Redding and Schott 2012), the fixed cost component of a regulatory standard is expected to 

mainly affect the extensive margin of trade, whereas the variable cost component is expected 

to affect both the extensive and intensive margins of firm  exports. A new restrictive NTM 

likely imposes both additional fixed costs of entry (e.g., investment in new equipment and 

adjustment of production methods) and variable costs (e.g., costlier inputs) in those 

markets/sectors maintaining this measure. SPS measures affected by STCs are by definition 

trade restrictive, therefore in accordance with existing evidence (see Fernandez et al. 2016) it 

is expected that, on average, they lead to firm market exit and to negatively affect Peruvian 

-food exports on the extensive margin of trade. Higher variable costs negatively 

affect the intensive margin of firm trade, unless higher fixed trade costs sufficiently foster 

exit from a destination market, such that the export volume and value of incumbent 

firms increase. Hence, a-priory, the impact on the intensive margin, conditional to export, is 

ambiguous. Importantly, and in line with firm-heterogeneity models by Arkolakis (2010), and 

Spearot (2013), we expect the negative effect of restrictive 



to intensify as firm size decreases, because smaller firms tend to be more responsive to trade 

shocks. 

The overall trade effect of other less restrictive NTMs, 

is more ambiguous. Increasing costs could be compensated by increased market access due to 

quality upgrading and/or more consumer  information. From this perspective, the trade effect 

of NTMs can be either positive or negative, as generally reported in the relevant literature (see 

Xiong and Beghin 2014; Beghin, Maertens and Swinnen 2015; Cadot et al. 2018).  

Expectations with respect to the impact of regulatory standards on price, quality and 

quality-adjusted price, are less clear cut and often ambiguous. How most restrictive SPS 

measures that are subject to STCs which are notoriously linked to quality, health and safety 

requirements may affect quality upgrading, and how this process differs across countries 

maintaining these measures with different income levels and across firms of different size, has 

been rarely studied empirically. It is intuitive to expect that new (restrictive) SPS measures 

increase both price and quality. Increased fixed and variable costs may be passed on to 

consumers and lead to increased prices. In addition, consumers in importing countries may be 

willing to pay a quality premium  for products that meet specifications for quality and safety 

covered in the product standard. On the other hand, to the extent that fixed costs are affected, 

firm-heterogeneity trade models suggest that new restrictive SPS measures may lead to a 

redistribution of market shares among firms (both domestic and foreign) and affect firms  

price and quality choices depending on their pricing strategy, which is a-priory unknown. 

Surviving firms can decide to upgrade the quality of their export products and/or to capture 

the additional rents.  

Empirical evidence shows that, conditional on firm size, exporters sell higher quality 

products and charge higher prices, as well as pay higher input prices and higher wages (e.g., 

Verhoogen 2008; Curzi and Olper 2012; Kugler and Verhoogen 2012). Hence, larger firms 



likely need to increase their production costs less than smaller firms in order to adapt their 

export products to the new (quality) standards, and larger firms tend to produce, on average, 

higher quality goods, which is in line with the so-called quality sorting model (Crozet, Head 

and Mayer 2012). At the same time, restrictive SPS measures can alter competition in the 

destination market (Abel-Koch 2013; 2016; Asprillia et al. 2018) inducing the exit of the less 

productive (domestic and foreign) firms and/or firms producing lower quality goods, and thus 

reducing the scope for quality differentiation. In this new market environment, larger 

exporters (and/or surviving firms), may respond by increasing price more (and quality less) 

than smaller exporters (Fontagné et al. 2015).  However, other mechanisms could be at work. 

One of the few published paper that explicitly studied the impact of restrictive (quality) 

standards structure is the one by Gaigné and Laure 

(2016). These authors, by introducing vertical differentiation in a firm heterogeneity trade 

model, show that as quality standards increase, some domestic and foreign firms will exit 

from the market, which leads to reallocation of market share towards more productive firms, 

thus raising market concentration. In addition, the reduction in factor demand by the low-

quality foreign (and domestic) firms will also benefit the high-quality foreign firms, thus 

eventually inducing a process of quality upgrading.   

Finally, additional insights about mechanisms through which standards may affect 

quality, can be find from the literature on minimum quality standards. Models of Shapiro 

(1983) and Leland (1979) suggest that, on the one hand prices are expected to grow due to the 

increased costs of producing higher quality products meeting the standards. On the other 

hand, an increase in price may be motivated by the reduced competition in the market 

imposing the standard, due to the decision of firms that cannot address the standard to leave 

the market. Thus, for some group of consumers could be worse off as the result of the new 



standard, because the imposition of the standard my lead to an increase in prices and a 

reduction of (preferred) varieties.  

A model where the introduction of a quality standard unambiguously induce (firm) 

quality upgrading and increase welfare, is the one of Ronnen (1991), where firms face 

quality-dependent fixed costs and compete in both quality and price. Within a quality-

differentiation monopolistic competition model (Shaked and Sutton 1982) he shows that the 

introduction of a (minimum) quality standard can induce an increase in the level of price 

competition, because standards limit the range in which firms can differentiate qualities. 

Hence, even though the high-quality producers satisfy the standard in absence of a regulation, 

after the introduction of the standard they will have an incentive to raise quality. This is 

because the compliance with the public standard, leads low-quality (surviving) firms to 

improve their quality. Therefore, the difference in quality between firms reduces after the 

introduction of the standard. This causes an increase in price competition and, as a 

consequence, a reduction of quality-adjusted price. In this new competitive environment, 

high-quality firms try to escape from the intensification of price competition, by further 

improving their quality.      

In our framework, the use of measures of price, quality and quality-adjusted price at the 

firm level, allows us to empirically disentangle the extent to which the effects of new, trade 

restrictive, regulatory measures induce surviving exporting firms to charge higher prices 

and/or quality upgrading, and to reveal effects for different-sized exporters. In addition, 

because the firm pricing behavior is also related to the level of competition in the destination 

market, we can indirectly learn new insights about how STCs and different NTMs alter the 

level of competition there. This implies a significant advancement in the understanding of the 

role of standards in affecting firms  trade outcomes with respect to previous analyses. 

 



Data 

To study the effect of STCs and other NTMs on agri-food exports from Peru, this paper 

combines three databases: (i) a firm-level customs dataset on Peruvian agri-food exports for 

2000 2014; (ii) a recent WTO database on STCs extended to 2016, concerning SPS 

measures; and (iii) a new database on NTMs notified to the WTO, compiled from the 

Integrated Trade Intelligence Portal (I-TIP). Finally bilateral tariff data are obtained from the 

UNCTAD-Trains database. 

Peruvian Firm Data 

Firm-level export data are provided by Peruvian Customs (SUNAT) for the period 2000

2014. The Peruvian customs data provide, for the considered period, information on 

worldwide export flows for more than 9,000 firms in the agri-food sectors. The data include 

exporter identity (name and tax identification number), identification of the exported item (at 

HS 10-digit level), destination country for each trade flow and shipment port, as well as the 

quantity and FOB value of each shipment. Specifically, we focus on agri-food chapters 2 24 

of the HS code, for which SPS measures have been shown to be most relevant.4  For the 

considered period, this represents 95% of Peruvian total agri-food exports. There are 7,263 

exporting firms, shipping to more than 180 countries.  

The Peruvian agri-food export sector is particularly dynamic and has steadily grown 

since the mid-1990s (Freund and Pierola 2010; Schuster and Maertens 2015; World Bank, 

2017). This growth is mainly driven by non-traditional agricultural exports, led by asparagus, 

and more recently followed by grapes, mangos, paprika, avocado and artichokes. Traditional 

exports like coffee and tea (in chapter 9 of the HS code) represent barely 9% of all agri-food 

trade, while vegetables and fruit exports, in either fresh (chapters 7 and 8) or prepared form 

(chapter 20) represent 39% of all agri-food trade in the observed period. Tables A1 and A2 in 

4 About 94% of SPS STCs raised during 1995-2016 refer to the agri-food sector. 



the Appendix, report a snapshot of Peruvian agri-food exports across products and destination 

markets. 

our sample. Other firm-

asparagus (Schuster and Maertens 201

agriculture (ITC, 2012). Results from these studies indicate that the vast majority of exporters 

are fully Peruvian owned; only few firms reported partial foreign ownership (mainly Chilean, 

Spanish, Danish or US capital). The majority of surveyed exporting companies had been in 

operation for over five years and around one third of all asparagus firms are vertically 

integrated, with production, post-harvest handling and exporting controlled by the company. 

The majority of horticultural products are exported in a processed and ready-to-consume 

form, implying that the added-value from product sorting, handling and packaging stays 

within the national borders.  

Finally, it is worth noting that the growth of Peruvi

concerned agri-food sectors that are particularly demanding in terms of restrictive public (and 

private) regulatory standards in the destination markets. Quality plays an important role in 

relates to size, color, taste (especially bitterness), texture (especially fiberiness), and shape 

(especially crooked tips); and is influenced by pre- and post-harvest factors (FAO 2011; 

practices and temperature during cold storage, play an important role in determining quality 

aspects. Peru applies a basic quality 

  with the last class not suitable 

for export) set by the Office for the Promotion of Peruvian Exports (PROMPEX). At the same 

time, Frio Aéreo, a non-profit association of Peruvian producers and exporters dealing with 



export logistics, monitors temperature in asparagus at the point of shipment in order to 

improve the cold chain. 

increased (e.g. from 60 million kg in 2001 to more than 70 million kg in 2003) while exports 

 (e.g. from about 40 million kg in 2001 to slightly 

az Rodriguez 2004). FAO (2011) reports 

that one of the important factors behind the success of Peruvian agri-food exports, has been 

the recognition that this success depends on the quality and safety of produce. From this 

perspective, two main questions arise. First, why this positive export performance and quality 

upgrading occurred particularly in these sectors? Second, are small producers, and to what 

extent, part of this successful story? Our analysis provides interesting insights to better answer 

these important research questions.   

Specific Trade Concerns 

The STC database was recently released by the WTO and refers to concerns that are 

raised, in either written or oral form, by individual WTO members in the SPS or TBT 

committees. Members use these committees to discuss issues related to specific SPS (TBT) 

measures that are maintained by other member countries and which might significantly affect 

trade. The issues are denoted as STCs. Each STC provides information on the (i) country 

raising the concern and the country imposing the measure, (ii) year of the concern, (iii) 

product of concern at the HS 4-digit level and (iv) type of measure and subject of the concern. 

In this paper, we specifically focus on STCs raised in the SPS committee, because they are 

most relevant for the agri-food trade (Grant and Arita 2017).5  

It is worth mentioning that data on SPS STCs provide information on the eventual date of 

the resolution of the concern, if any. However, as reported by Grant and Arita (2017) in a 

Grant and Arita (2017) report for the period 1995-2015 more than 400 SPS STCs raised on agri-food products 
and 



relevant survey on NTMs and STCs in particular, in many cases concerns remain unresolved 

or the resolution is not reported.6 Therefore, in our analysis we do not consider information on 

the final resolution of the concerns. Note however that, our results are not sensitive to this 

choice, as the results remain stable in either case.  

With respect to the released version, we extended and updated the data up to the last year 

available (i.e. 2015). During 1995 2015, about 400 STCs were raised on agri-food products 

against an SPS measure imposed by one or more trading partners. Figure 1 shows the number 

of SPSs targeted by a STC raised each year in the period considered in this analysis (i.e., 

2000 2014): 35% of the concerns relate to animal health, 39% to food safety and 19% to 

plant health. The issues raised in this period were resolved in 25% of all cases and in 5% were 

only partially resolved. It is important to note that each STC can be raised by one country, but 

also more than one if the same concern is taken up by an additional member in the assembly. 

In the analysis we focus on all SPS-STC data at the maintaining country product level, 

assuming that once a country maintains a measure that is considered restrictive for trade by 

one or more countries, this would be true also for other countries exporting the same product. 

This is consistent with the non-discrimination rule of the WTO, and is totally supported by the 

results.  

A final issue that needs to be mentioned when dealing with STCs data concerns their 

timing, namely that a certain STC may refer to a measure imposed by a country one or more 

years before the concern is raised,7 or, in contrast, it may be raised on a draft legislation.8 

However, as the former case (i.e. delay in STC notification) is much more recurrent than the 

latter, the STC data may sometimes refer to measures that are likely to act as a trade hurdle 

years before the concern is raised. From this perspective, it is important to keep in mind that, 

Grant and Arita (2017) report the weighted average of successful resolution to be less than 50 percent.  
However, there are several examples of concerns that are likely resolved but without an official resolution.  

This may occur for different reasons, e.g. an STC may be raised first orally at the WTO, or a concern might not 
be raised promptly as the SPS committee meetings are limited in time and scope.

An example is STC 383, that refers to the EU proposed regulation on endocrine disruptors.



though this could induce measurement errors, we are on the safe side because, potentially, our 

analysis will under-estimate the true STC effect, as our STC variable will pick up a residual 

(or longstanding) effect of a shock that occurred back in time. Having said that, there is no 

real way to account for this issue, as for instance the use of lagging or leading variables may 

create a further bias in the analysis.  

Other Non-Tariff Measures 

To develop a more comprehensive measure that accounts for the effect of all NTMs, we 

built a new dataset based on the WTO I-TIP notification data. The database provides 

information on NTMs notified by WTO members, including TBTs, SPSs and an array of 

border NTMs such as antidumping and countervailing measures, tariff rate quotas, 

quantitative restrictions, safeguards and export subsidies.9 Each notification reports data on 

the notifying importing country, the affected product at the HS 4-digit level and the type of 

notified NTMs. Notifications do not have a bilateral dimension. NTMs tend to be enforced 

unilaterally by the importing country and enforced upon all exporting countries of a certain 

HS tariff line. We consider all notifications that affect at least one of the agri-food product 

categories exported by Peru during 2000 2014. In this time, an average of 585 new NTMs 

were notified each year (figure 2):10 around 59% related to SPS, 23% to TBT measures and 

10% to border NTMs.11 For each product market we construct an indicator for the number of 

distinct NTMs that are in effect and an indicator which is equal to 1 if at least one NTM is in 

NTMs refer to mandatory measures that are imposed by countries and that have to be respected by trading 
partners aimed at exporting their products there. Data provided by the WTO allows only to distinguish between 
SPS (regular and emergency), TBT and border NTM. A further classification in a limited number of meaningful 
mutually exclusive categories based on their content is complicated, as in most of the cases NTMs have wide 
objectives, that are frequently shared by different measures.

As shown in Figure 1 and Figure 2 there exist different patterns over time in the evolution of both SPS STCs 
and NTMs. However, the analysis of this phenomenon and of the reason behind such differences in the 
imposition of NTMs over time is out of the scope of this paper. Note, however, that our three-way fixed effects 
allow to fully control for potential shocks occurring in the destination countries at the product level over time. 

Survey results by the International Trade Center reveal that NTMs represent a burden to Peruvian exporters: 
41.9% of firms stated that they are affected by NTMs and almost half of the firms in the agri-food sector 
reported facing NTMs, where technical regulations (49% of all cases) and conformity assessments (32% of all 
cases) proved to be the most pressing issues for exporters (ITC 2012). 



effect in a given year in each HS 4-digit product line. An interesting feature of the dataset is 

that its richness allows a further distinction between emergency  and regular  SPSs. 

Because the SPS Agreement defines urgent problems 

 implementing the 

measure, it is clear that they should be, a-priory, more trade restrictive at least in comparison 

depending on their product and export markets, individual export firms 

within Peru can be affected differently by  SPSs in effect in a given year. 

Table 1 shows summary statistics of the key variables of interest. Figures show that 

restrictive SPSs affected by STCs are present in 45% of product destination tariff lines 

covered by Peruvian agri-food exports. SPSs and TBTs cover about 78% of product

destination lines and so are the most important regulatory standards, and border NTMs cover 

35%. The large majority of SPS measures are regular SPSs (76% of product destination 

lines), and emergency SPSs account for only about 3%. 

 

Empirical strategy and identification issues 

We study the trade effect of STCs and other NTMs on firms  exports, using the following 

baseline equation, estimated through ordinary least squares (OLS) regression:12 

(1) 

 

12 standard gravity model, is still based on a 
bilateral (firm-level) trade equation that, together with our set of firm and country-sector-time dummies, make 
the model close to a standard gravity equation. Yet, a key difference here is the use of very disaggregated custom 
data at the firm-product level, that do not provide any information on the activity of domestic (i.e. not exporting) 
firms. As a result, the use of methodologies that are commonly employed to deal with the zero trade issue in a 
gravity model framework (e.g. Poisson pseudo-maximum likelihood estimation), and any analysis that would 

s, by the 
lack of information on domestic firms. This is the reason why, as in previous studies using custom data (see 
Fontagné et al. 2015; Fernandes et al. 2019), we do not implement estimation methods to account for selection 

 



where y is the dependent variable for firm f, exporting a product h (HS 4-digit) to country j at 

time t; STC and NTMs are indicator dummies for the presence of a regulatory standard at HS 

4-digit level; log(size) is a firm-level measure to capture the heterogeneity of the effects; X is 

a vector of other controls including mainly bilateral tariffs (aggregate at HS 4-digit level as 

simple average) and other proxies for firm size, which are discussed below; finally hs2,j,t, f 

and f,h,j,t are HS 2-digit-destination-time fixed effects, firm level fixed effects and the 

independent and identically distributed error term, respectively. 

The dependent variable, y, 

extensive margin, which accounts , (ii) a 

product country pair market, 13 (iii) firms  

intensive trade margin, namely the (log) value of firm export of a product h to a destination 

market j at time t; and alternatively (iv) firms  export (log) price, expressed as unit value (i.e., 

the ratio between product export value and quantity), (v) quality and (vi) quality-adjusted 

price for each product market destination level.  

The last two variables are obtained through the estimation of product quality at the firm

product level, using the methodology of Khandelwal, Schott and Wei (2013).14 Quality is 

, 

assigned hig  (2013, p. 2187). In our specific case, if we take for instance two 

firms exporting a product belonging to the same product category (e.g. 0709200000  

asparagus) in a given destination country (e.g. United States) at the same price (e.g. unit value 

equal to 2$/Kg), the one exporting that product in higher quantity is assigned higher quality. 

13 Our extensive trade margin measures the probability of a firm to export a product in a destination market. In 
-destination trade flows and a value of zero 

ability of exit from a given 
product-market when firms ceased to export there but having exported the year before.   
14 Note that, for comparability purpose, we performed our quality estimations separately for each product (HS-4 
digit)-destination market, so that quality estimation at the firm-product (HS 10-figit) level can be compared 
within that market.



Moreover, this methodology allows decomposing FOB) export prices in their quality 

and quality-adjusted-price components. A detailed discussion on the motivation for using this 

quality measure in our context and the underlying methodology, is reported in Appendix A. 

The main variables of interest in equation (1) are STC and NTMs. STC is a dummy 

variable taking the value of 1 in those importing product country pairs (HS 4-digit) where a 

specific trade concern is raised by one or more countries to the WTO (and zero otherwise). 

The term NTM includes three different dummy variables, which enter the model separately, 

and account for SPSs, TBTs and border NTMs, respectively. These dummies take the value of 

1 in those importing product country pairs (HS 4-digit) where the respective NTM is notified 

to the WTO (and zero otherwise). 15  The SPS variable is further split by notification 

requirement to disentangle the effect of regular vs. emergency SPSs. The combination of the 

STC and NTM dummies in the analysis is an important contribution, as it allows testing 

whether the effect of STC still holds after controlling for (other) NTMs and to compare 

effects of standards with different stringency levels.16 

In order to assess whether standards have heterogeneous effects across firms, we control 

for (lagged) firm size, expressed as logarithm of the total value of exports of a firm in a given 

year, irrespective of the product and market destination. This allows us to control for the 

heterogeneous effect across firms in terms of their productivity, as there is wide consensus in 

the trade literature about 

It is noteworthy that a STC does not refer to an exclusive NTM, as STCs can refer either to one specific NTM 
or to a group of NTMs imposed by a country. Moreover, STCs can refer to measures imposed by countries that 
have been not notified to the WTO, but that de facto act as NTMs. STCs can also refer to customs procedures 
(e.g. excessive delay in products inspections). From this perspective, there is not a perfect overlap of STC and 
NTM data in the WTO database. For an in depth discussion about STCs classification, see Grant and Arita 
(2017). 

Tables in the text present the results obtained by introducing all the different NTM variables as dummies. In 
the Appendix (Tables A5 and A6) we present the results obtained using the (log) number of NTMs, and the 
results are consistent with those presented in the main text. Note that, the same robustness check has not been 
carried out for SPS STCs. This is because they often do not refer to a single SPS measure or to an actual SPS 
measure imposed by a country, and because we do not consider the SPS STCs time dimension for the reasons 
explained above. Therefore, a precise computation over time of the cumulative number of SPS STCs active for a 
product in a given country destination is not possible.    



(Mayer and Ottaviano 2008; Bernard, Redding, and Schott 2012). 17  To control for 

heterogeneous effects of STCs across firms, we interact (lagged) firm size with the STC 

dummy. This is a crucial test to determine how different firms react to the introduction of new 

restrictive SPSs. In addition, for a more comprehensive view of the heterogeneous effects 

across firms, we introduce two other proxy variables for firm size. The first accounts for 

firms  market share in the destination market, assuming that firms with higher export share 

are larger. It is computed as the ratio between total firm exports in a given product

destination market, over the total export in the same product destination market. The second 

proxy accounts for firms  multi-destination status, based on the fact that the number of served 

markets is positively correlated with firm productivity and size (Bernard, Redding, and Schott 

2011). Multi-destination status of a firm is captured by a dummy variable that identifies the 

top 10% exporting firms in terms of number of destination markets served.18 

The specification also controls for bilateral import tariffs. According to Orefice (2017) 

and Beverelli, Boffa and Keck (2014), there is a positive association between countries  tariff 

reduction and the maintenance of trade-restrictive SPS measures that are subject to STCs, 

which in turn leads one or more countries to raise a STC on these measures.19 

Identification issues 

Equation (1) may suffer from standard endogeneity problems due to selection and 

omitted variables bias, measurement errors and reverse causality. However, it is worth noting 

that all our empirical estimations include firm-level and destination-product-time fixed 

effects. In this way, we identify the STCs effect by exploiting the within-firm variation in the 

The choice to proxy firm size in terms of productivity with firms  total trade is due to the lack of balance sheet 
information in the Peruvian customs database.
18 Note that in computing the number of market served by the firms, we only consider STCs-free market-product 
destinations. The threshold which defines the multi-destination status of a firm in our sample is 10 destination 
markets. Firms exporting in 10 or more markets in the first year of the analysis are then considered multi-
destination firms.  

The correlation between the STC and tariff variables in our sample is strongly negative and significant. This 
test, even with some caveats linked to endogeneity issues, seems to confirm in our sample what was previously 
stated by Orefice (2017) and Beverelli, Boffa and Keck (2014).



outcome of interest, after controlling for every destination-product-time specific idiosyncratic 

factors, such as demand and supply shocks. From this perspective, our specification allows 

little room for selection and omitted variable bias, and it is close to a difference-in-difference 

research design.  

More problematic could be, in principle, endogeneity due to measurement errors and 

simultaneity bias. However, as we discuss below, these problems may induce, if anything, 

only attenuation bias in our estimations. This in turn suggests that the results reported below 

should be interpreted as a lower bound of the actual STCs effect. To better motivate this 

statement, it is useful to be more precise about the nature of our key variable of interest (i.e. 

STCs).  

Specific trade concerns are not direct measures of SPS stringency. Clearly, to rise an 

STC, some exporting countries must be sufficiently unhappy about a given importing 

country's practice, and this could happen under different situations: because (1) importing 

countries introduced a new written standard or strengthened an existing written standard; (2) 

importing countries started implementing more stringent enforcement of an existing standard 

without changing the written standard; (3) exporting countries such as Peru (or countries 

similar to Peru) are increasing or decreasing exports and found the existing standard 

cumbersome to comply with, without any change of written standard or implementation of it. 

Ideally, situations like (1) and (2) are the ones we want to exploit for identification. 

Differently, a situation like (3) would be problematic because they can be the result of a 

reverse causality problem. So we need to be sure that in our data these situations are ruled out.  

It is worth noting that we do not consider bilateral STCs in our analysis (i.e., STCs raised 

by Peru). This means that we only consider the information on country imposing the SPS 

measure on a given product, but we do not use the information on countries that deem that 

measure to be trade restrictive and that, thus, raise the concern. Therefore, it is very unlikely 



that countries maintaining a restrictive trade measure would consider (more visible) Peruvian 

firms as their main target. In addition, Peru has only very rarely raised an issue against any 

country (i.e., only three cases during the period of analysis), nor has been identified as a main 

country imposing SPS measures. This apparently non-active role of Peru in the WTO SPS 

committee is consistent with the observation that relatively few issues are raised by small and 

developing countries, likely because of high political and opportunity costs (Fontagné et al. 

2015). In our work, we assume that, due to the non-discrimination rule of the WTO, once a 

measure is considered trade restrictive for a WTO member, this holds true for all other WTO 

members and particularly for developing countries. 20 

However, one can argue that the few STCs raised directly by Peru, are the consequence 

of situations where similar countries, such as other Latin American countries, just anticipated 

Peru in the SPS Committee. If this is the case, then all the STCs raised by similar countries 

could potentially represent a source of simultaneity bias if the underlying motivation follows 

a situation like (3). However, from the text of the STC it is only rarely possible to discern 

with a sufficient degree of certainty the real motivation inducing a country to rise a STC. For 

this reason, as a robustness check, we also run our main estimations by dropping all the STCs 

raised by Latin American countries. If the results prove to hold to this test, this will provide 

further credence to our identification strategy.  

In addition, to address potential endogeneity concerns directly we also rely on an 

instrumental variable (IV) approach proposed by Fontagné and Orefice (2018). As better 

discussed in supplementary information (Section B), we used as instrument a dummy variable 

We are aware that some STCs apply almost exclusively on a bilateral base, as they are raised on country-
product specific assessment. However, most of the STCs refers to measures (especially imposed by developed 
countries), whose trade restrictiveness is shared by almost all the countries aimed at exporting there. A 
meaningful example is given by the high restrictiveness of European Union countries on the Maximum Residue 
Limit (MRL) allowed on the imported products. Notwithstanding, almost 50% of the STCs raised toward the EU 
concern this issue, that involved in particular fruit and vegetable products which are by far the most exported 
products by Peruvian firms. However, no STCs have been raised by Peru toward the EU on this issue over the 
whole period. Despite this fact, it is hard to argue that Peruvian exporters are not affected by the high stringency 
imposed by the EU on the imported agri-food products.    



(and its interaction with size), which takes the value of one if the following two conditions 

hold (and zero otherwise). The underlying idea is that the probability to have an active SPS 

STC for a country j on a given product h, is, first, positively associated with the propensity of 

that country to impose measures that are considered trade restrictive by other countries in 

products other than h; second, with the sensitivity of that product to be the target of strict SPS 

measures (in countries other than j) that are then considered as trade protectionist. Here, the 

imposition in country j of strict SPS measures in product other than h, and the enforcement of 

SPS measures that will be then the target of STCs in countries other than j on the same 

product h, are presumably be exogenous to a STC that is raided on product h in country j, 

ceteris paribus.   

As discussed in the data section, a final concern about STCs data is related to their 

timing, namely that STCs may sometimes refer to measures that are likely to act as a trade 

hurdle years before the concern is raised, inducing an error-in-variable problem. From this 

perspective, it is important to keep in mind that, as an effect of the many fixed effects 

included in our equation (1), measurement error in a right-hand side variable, if any, will 

induce attenuation bias in our estimated effect (Wooldridge, 2010).  

A final note is given on the choice of the linear probability model, that is used 

irrespective of the binary nature of some of the outcome variables (i.e., extensive trade margin 

and exit variable). Given the multitude of fixed effects in the specifications, non-linear 

estimation procedures, such as logit or probit, suffer from the well-known incidental 

parameter problem. For comparability purposes, the standard OLS estimator is thus preferred 

throughout all model specifications.  

 



Results and Discussion 

Effect of Standards on Trade Margins and Exit Rate 

The estimated impacts of STCs on the extensive margin are reported in Table 2 (columns 

1 3). Results in column 1 show that STCs negatively affect the probability that a firm exports 

to a product destination country maintaining a restrictive SPS measure. The estimated 

coefficient is significant at 1% level, and is robust across different specifications. The 

magnitude of the estimated effect suggests that the presence of a new STC reduces the 

probability to export by about 5.5%, on average, representing a relevant economic effect. 

Note also that the tariff coefficient is negative and strongly significant. 

Estimated effects for firm-level covariates indicate that the probability of firms exporting 

in a given destination is significantly higher for larger firms, irrespective of the type of firm 

size proxy used in the regressions. The estimated coefficient for the interaction term between 

firm-level size and STCs is positive and significant, for all the size variables considered.21 

Overall, these results suggest that larger firms are less affected by STCs. Put differently, a 

new stringent SPS measure induces a selection effect that discriminates against small and less 

efficient firms, because it raises fixed and variable trade costs a result consistent with 

Melitz Cheney type firm-heterogeneity trade models.  

Columns 4 6 (Table 2) report the STC effect on the probability of firms ceasing to 

export a given product to a given destination (exit). Overall, the results strongly confirm the 

findings on the extensive margin. A new restrictive SPS measure, by increasing the fixed 

costs of trading to a certain product destination, induces firms to exit from that export market. 

This finding is consistent with other recent studies on TBT-STCs (Fontagné and Orefice 

2018) and SPS-STCs (Fontagné et al. 2015). The impact of a new STC on the exit probability 

It is important to note that we run all our estimations also excluding firm fixed effects, and so exploring not 
only the within-firm but also between-firm 
remain stable over all estimations. 



decreases with firm size. As in the case of the extensive margin, the results hold when using 

market share and multi-destination size variables as the firm-size proxy, while in the total 

export case the result is opposite, although the effect is non-significant. Overall, the negative 

effect of restrictive SPS affected by STCs on the extensive margin of trade, and their 

heterogeneity across firms of different size, mimic similar findings reported in Fontagné et al 

(2015) on French manufacturing firms, and are also similar to those of Fernandez et al. (2017) 

who considered developing country exports.  

The results of regressions on export values are reported in columns 7 9 of Table 2. The 

STCs values, with estimated effects consistent across different 

specifications and significant at 1% level. Conditional on exporting, considering the average 

estimated effects in columns 7 9, the export value of firms reduces by about 65% in product

destinations affected by STCs, making this a large economic effect. To make a comparison 

with the estimated negative trade effect induced by tariffs, an increase in tariffs of 10% 

reduces export 1%. It is possible to translate the quantity effect of STCs 

into their ad valorem equivalent (AVE) tariff using the estimated elasticity of substitution, 

i.e., the coefficient on the tariff term.22 The resulting AVE of STCs is between 39-50%, 

depending on the specification, a result fully consistent with recent evidence by Ning and 

Grant (2019).23  Finally, for the heterogeneous effects across firms for the intensive margin, 

smaller firms appear again to pay higher costs when a strict standard is imposed in a given 

product destination market. This result holds for all the different measures of firm size.  

Overall, these findings are consistent with, but considerably larger than, those found for 

French manufacturing firms by Fontagné et al. (2015). However, the negative effect of 

Under standard gravity with Constant Elasticity of Substitution (CES) preferences, conditional to exporting, 
the estimated quantity effect of the STC coefficient ( 1) can be converted into the correspondent AVE = [exp( 1) 

 1]/ , where  is the firm-level estimate of the elasticity of substitution (i.e., the estimated coefficient on the 
tariffs, equal to about 2.1 in absolute value, considering the average estimated tariff effects in columns 7 9).

Ning and Grant (2019), showed that the ad-valorem equivalent imposed by SPS trade concern measures ranges 
from 33% to 106% equivalent tariff, on average. 



previously published papers 

(see, e.g., Ferro et al. 2015), and in particular with the findings in Fernandez et al. (2017) 

who, instead, conditional on trade, do not find any significant (negative) effect of stringent 

 The more logical interpretation behind these different findings 

lies in the nature of food standards considered: MRL standards in Fernandez et al. (2017) 

versus restrictive SPS targeted by STC in the present paper.24 

To elucidate 

Figure 3 their marginal effects considering the different trade outcomes analyzed in this 

section.25 The results clearly show that both extensive and intensive margins increase with 

, while pattern. 

When looking at the results on the extensive margin, it is interesting to note that in the no-

STCs scenario, smaller firms have a higher extensive margin than in the STC one. However, 

this result reverses when considering larger firms. A similar pattern emerges in the intensive 

margin case, although the results do not show an intersection of the no-STC and STC lines, 

which anyway converge moving from smaller to larger 

the results show a much higher probability to exit from the market where STCs are present 

than in markets with no-STCs. It is interesting to note that while the no-STC line is quite flat, 

thus showing only marginal differences in the exit rate conditional on size, the STC line 

declines considerably moving from smaller to larger firms.  

Taken together, the results of these graphs clearly show that smaller firms more than 

larger ones incur in net losses in presence of STCs, compared to a no-STC scenario. However, 

it is worth highlighting that when considering export probability, larger firms show a net gain 

in presence of STCs in comparison to a no-STC scenario.  

In fact, though MRL standards are just a specific type of SPSs, it is worth noting that considering the overall 
SPSs affected by STCs, the share of MRLs is lower than 15%. This share rises only when STCs against EU SPSs 
are considered.  

Note that the marginal effects have been computed considering the results obtained using market share as a 
size variable, and, thus, the results obtained in columns 2, 5 and 8, of Table 2. 



Results in Table 3 consider separately all other NTMs not affected by STCs, namely by 

distinguishing between SPS, TBT and border NTMs. The results in column 1 suggest that 

SPS, and less so TBT, positively s, while border NTMs 

prove to exert an opposite effect, with the negative effect of STCs that remains robust and 

significant and even increases in magnitude. When further distinguishing between regular and 

emergency SPSs (column 2), the estimated effect is positive for the former but negative for 

the latter, a result fully consistent with common intuition. The effect of other NTMs in 

inducing s where they are applied (columns 3 and 4) suggests a 

positive and significant effect of TBT and SPS emergency measures, while the regular SPS 

and border NTM prove to have no impact  When considering the effect of the 

other NTMs on the intensive margin (column 5 and 6), the results are in line with those 

obtained for the probability to export, suggesting a positive and significant effect for SPS (in 

particular regular) and TBT measures, while the opposite holds for border NTMs. Thus, our 

results suggest that when the effect of most restrictive SPS standards affected by STC are 

controlled for, SPS measures (in particular regular SPS), and TBTs, act as trade enhancing 

measures, increasing both the probability of firms   

Overall, the above results give an idea of the complexity of disentangling the NTMs 

effects on different margins of adjustment, and underscore the usefulness of a comprehensive 

treatment of NTMs. The results clearly show that accounting for the stringency of most 

restrictive SPS measures that are subject to STC, not surprisingly, matters for the 

interpretation of final results. Hence, the idea that one-size-fits-all does not work with agri-

food standards. 

As discussed in the identification strategy section, our empirical specifications may 

suffer from endogeneity bias for different reasons. In order to rule out reverse causality issues, 

we run our main specifications, first, by omitting in our STC variable all the STCs raised by 



other Latin American countries; second, using our instrumental variable approach, where our 

instrument for the SPS STC (as explained in Additional material section) is a dummy that 

enters in our estimation both linearly and interacted with the size variable. The results of these 

tests are shown, respectively, in Table A3 and Table A4 of the Additional materials section. 

The main findings still hold to these important robustness checks. Moreover, concerning the 

IV estimations, the joint F-test computed on the first stages suggests that our instruments are 

relevant, so that the first stage is consistently identified.  

Effect of Standards on Prices, Quality and Quality-Adjusted Prices 

One of the most innovative contributions of the present work is the analysis of the effect 

of STCs (and other NTMs) on the firm-level export price, product quality and quality-

adjusted price. Table 4 reports regression results for this analysis. In particular, results 

consider both firm-level (log)prices and (log)quality the last measured following the 

Khandelwal, Schott and Wei (2013) approach. Furthermore, because the quality-adjusted 

price is the (log) difference between firm-level price and quality, that is 

 (see Appendix A for details), the estimated difference in the effects of STCs and 

other NTMs between the price and the quality regression coefficients, by construction, is 

attributable to the pure pricing strategy of the firm.26 

As expected, STCs and all other NTMs but border NTMs and emergency SPSs, induce a 

statistically significant increase in firm-level export prices, conditional on exporting.27 The 

26 Note therefore that, by construction, the estimated effect on price is the sum of its quality and quality-adjusted 
price coefficients. Thus, our estimations allow computing to what extent the estimated effect of STCs and NTMs 
on price is attributable to the quality and quality-adjusted price components.  

Note that although quality and price are measured at the same level of aggregation than the intensive margin 
(i.e. HS 10-digit level), the number of observation in these estimations is lower than that in the estimations of the 
extensive margins. This is due to several reasons: first, quality has been estimated using elasticity of 
substitutions at the destination country-product (HS 3-digit) level using data from Broda et al. (2006). Therefore, 
where data are missing, quality could not be estimated. Second, we use a quite common standard data cleaning 
approach in the quality estimation, following Khandelwal (2010) and Colantone and Crinò (2014) among others, 
by trimming observations with extreme unit values and unit values yearly growth falling above and below the 
99th and 1st percentile of the sample distributions, respectively. In addition, since quality estimations are 
notoriously noisy, we dropped estimated quality following above and below the 95th and 5th percentile. 



magnitude of the effect is higher for STCs, followed by TBTs and SPSs, respectively. This 

result confirms the findings of Fontagnè et al. (2015) on the positive price effect of STCs, but 

again contrasts the results of Fernandez et al. (2017) who did not find any significant effect of 

MRLs on firm export unit values. The increase of export prices, conditional on exporting, 

suggests that for Peruvian firms STCs and other NTMs impose both fixed and variable costs. 

However, only for the most restrictive SPS affected by STCs the increase in price is largely 

explained by a rise in the quality of exported products. Indeed, the effect of STCs on prices is 

more than 95% (0.321/0.331) attributable to quality upgrading, while quality-adjusted price is 

unaffected.28 Conversely, the rise in export prices induced by regular SPSs and TBTs, does 

not significantly affect product quality, but significantly increase quality-adjusted prices. 

Thus, once again, there is clear evidence that standards with different stringency induce 

differentiated effects on firm export decisions.  

Looking at the data it is difficult to understand what mechanisms are driving the effect of 

. Indeed, although Peru is a prominent exporter, 

especially for some products, it is not a price setter in all markets. From this perspective, the 

estimated changes in prices under STCs are somehow surprising. An interpretation of this 

result may be that STCs affect the quality of the exported products and, as a result, then the 

market adjusts the price. This is because the STC clears out less competitive and lower quality 

suppliers as shown above, and so the average quality increases with fewer suppliers. As a 

results, final prices increase.29 

Considering the heterogeneous effect conditional on size, it is worth noting that export 

although the effect is not statistically 

significant (columns 1-3).  suggest opposite relationships with 

quality and quality-adjusted price. While, as expected, product quality is positively associated 

Note that this simple computation considers estimated coefficients for Dummy STC in Table 4, column 1 and 
4, and refer to the effect of STCs on price and quality, respectively.

We thank an anonymous referee for suggesting this potential interpretation of the results.



with -adjusted price component. These 

coefficients however do not imply that larger firms export higher quality products at lower 

price. The price decomposition suggests that export quality increases with size but this occurs 

without a significant change in export price. This no-price effect is explained by the negative 

coefficient of the quality-adjusted price component. In practice, the higher quality products 

provided by larger firms do not lead to a full adjustment in their relative prices, as a sort of 

incomplete pass-through of quality to export price.  

Importantly, the interaction between firm size and STCs is negative and significant in 

both the price and quality regressions (see columns 1 3 and 4 6, respectively), but 

approaches zero and is non-significant for the quality-adjusted price component (columns 7

9). These additional results suggest that the positive effects of STCs on prices and quality are 

less strong for larger firms. Figure 4, gives a graphical representation of marginal effects of 

the presence of an active STC in the product-

considering respectively price, quality and quality-adjusted price. These graphs suggest that in 

absence of restrictive SPS measures, firms export at lower price and lower quality with 

respect to markets where active SPS STCs are present. When looking at the marginal effects 

in the quality-adjusted price case, we cannot appreciate any significant difference of the size 

effect conditional on STC. It is worth noting that the evolution of the STC and no-STC lines 

in the cases of price and quality is different. In the former case, in absence of STCs export 

prices increase slightly , 

meaning that the adjustment to the STC requirements forces smaller firms to increase their 

price more than larger firms. When considering quality, both the STC and no-STC lines are 

 However, in presence of STC the line is more flat, suggesting that 

smaller firms have to adapt more their quality to the new requirements than larger firms.  



Finally, and in accordance with the evidence in Asprilla et al. (2019), exporters facing 

higher tariffs in the destination markets adopt pricing to market strategies, by setting lower 

export prices when tariffs increase, thus revealing a loss of market power consistent with rent-

shifting effects. Indeed, tariffs induce firms to export higher quality products but at a 

significantly lower quality-adjusted price. In comparison, the effect of restrictive SPSs on 

price and quality is significantly different.  

Also for this set of estimations, we address potential endogeneity concerns by following 

the strategy explained in the Identification section and also adopted with trade margins and 

exit probability. The results of these tests considering price, quality and quality-adjusted price 

as outcome variables are shown in Table A3 and Table A4 of the Additional materials section, 

respectively. Importantly, as can be clearly seen from the reported figures, the main results 

prove to hold to these additional robustness checks.   

In addition, we also run a Three-Stage Least Squares model to control for the likely 

correlation of our price and quality measures. The results of this test are presented in Table 

A7 of the Supporting Information section. We employ this methodology considering both 

STCs as exogenous (column 1 and 2) and endogenous variables (columns 3 and 4). In the 

latter case, we use the same instruments discussed in our Identification section and employed 

in regressions in Table A.4. The results go in the expected direction, with the estimated 

coefficients that remain almost unaffected, while their standard errors reduce with respect to 

the simple OLS and 2SLS estimations. 

Heterogeneous Effects for Product Differentiation 

The introduction of a restrictive SPS measure, other than inducing a market share 

reallocation from small (and low-quality) to large (and high quality) firms, may limit the 

range in which firms can differentiate their products, thus making competition tougher. To 

understand better if the last mechanism is driving our results, we now test whether the effects 



are heterogeneous across products with different scope 

for quality differentiation. To this purpose, we use the concept of quality ladder, as a proxy 

for the level of product differentiation (see Khandelwal 2010). Quality ladder is computed as 

the difference between the maximum and minimum values of estimated quality in a given 

product-destination category. In particular, products with a value of quality ladder below the 

median (short-quality ladder) are characterized by lower product differentiation, hence, 

horizontal differentiation prevails. In contrast, products displaying a value of quality ladder 

above the median (long-quality ladder) are more differentiated and, thus, vertical 

differentiation prevails. This additional test should better clarify if most restrictive SPSs act 

differently on firm pricing and quality strategy when considering products where horizontal or 

vertical differentiation prevails.30 

Table 5 presents the results considering products-destinations characterized by a short-

quality ladder, and a long-quality ladder.31 To this purpose, we interact a short- and a long-

quality ladder dummy variable in the full sample with our main control variables of interest.  

When considering the results for price (columns 1 and 2), STCs and all the other NTMs, 

with the exception of border NTMs in short-quality ladder, lead to an increase of Peruvian 

export prices. Considering in particular STCs, this effect proved to be higher in 

magnitude in the short-quality ladder than in the long-quality ladder case. Results on quality 

(columns 3 and 4) suggest that STCs have a positive effect in both type of markets, with a 

magnitude that is higher in the long-quality ladder than in the short-quality ladder case. Other 

NTMs have a weaker effect on quality, with border NTMs presenting a positive effect on 

quality in the short-quality ladder case, while the opposite holds in the long-quality ladder 

Note that, as most restrictive SPS measures that are subject to STCs could clearly induce changes in the level 
of quality differentiation, our measure of quality ladder is computed in the first year of the observed period.   
31 For Peruvian agricultural exports, fruit and vegetable products are important in the long quality ladder, and 
meat and dairy products in the short quality ladder. Products for which Peru has a comparative advantage are 
mostly vertically differentiated, but products for which Peru is less competitive are more horizontally 
differentiated. 



one. SPS measures do not show any significant effect, while TBT present a negative effect in 

the long-quality ladder case. Finally, considering STCs and all the other NTMs, the results on 

quality-adjusted price (columns 5 and 6) are in line with those of price, with the exception of 

STCs. The results indeed suggest a significant negative effect of STCs on quality-adjusted 

price in the long-quality ladder case, while the effect in the short-quality ladder one remains 

positive and (barely) significant.  

Overall, these results suggest that for short-quality ladder product-destinations, STCs 

have a positive effect on price, which is the results of a similar increase in both the quality 

and quality-adjusted price components. Conversely, considering the long-quality ladder case, 

more restrictive SPSs affected by STCs induce an increase in firm export prices, which is 

overcompensated by a process of quality upgrading, with a contemporaneous reduction of the 

quality-adjusted price component.  

However, when looking at the estimated effect of (log) size interacted with the STC 

dummy, the results suggest that both in the short- and long-quality ladder cases, the positive 

effect of STCs on price and quality are stronger for smaller than for larger firms. STCs appear 

not to affect significantly -quality 

ladder case. Conversely, in the long-quality ladder case larger firms increase more their 

quality-adjusted price than smaller ones in presence of SPS that are subject to a STC. 

In summary, when considering products with different scope for quality differentiation, 

our analysis provides new insights. The effect of stricter SPSs is quite heterogeneous in 

. While neither quality nor quality-adjusted price 

components seems to prevail for products where price competition dominates, conversely the 

quality effects highly prevail for products where quality competition dominates. These results 

appear consistent with economic expectations, which raises the credence and reliability of the 

quality measure used in this analysis.  



Conclusion and policy implications 

In this paper we examine how NTMs in general, and the most stringent SPSs that are 

subject to STCs in particular, affect firm-level trade margins, price and product quality for 

agri-food export firms in Peru. This is an interesting case study because Peru experienced an 

impressive growth in agri-food exports, precisely in sectors most affected by NTMs. In 

addition, in Peru, like elsewhere, there are relatively few documented instances in which large 

numbers of small-scale producers have successfully integrated into high-value niche markets. 

As clearly documented in the present paper, this lack of success may be attributed, at least 

partially, to the fact that some non-tariff measures are too demanding to allow them to enter 

these markets. 

Indeed, we find that the most restrictive standards for which STCs are raised have a 

strong trade-reducing effect for Peruvian firms, by affecting both the extensive and intensive 

margin of trade, as well as the exit probability, an effect particularly strong for smaller firms. 

In contrast, SPS (in particular regular SPS) and TBT show a positive effect on the extensive 

and intensive margin of trade . 

Effects are important in economic terms, in particular for STCs. The presence of a new STC 

in a given country-  probability and their export 

rate by about 5%. These 

trade-reducing effects are especially strong for small and medium firms. However, and 

interestingly, for a small group of very large firms, these effects can even reverse.  

We find that only the most stringent standards, for which STCs were raised, lead to 

quality upgrading. This effect is more pronounced for smaller firms and mostly evident in 

vertically differentiated products. Conversely, a pure price increase is only identified for 

horizontally differentiated products, though less so for large firms. Other standards, including 

SPS, TBT and border NTMs, do not result in quality upgrading but lead to higher export 



prices. The findings that the most stringent standards induce (especially smaller) firms to exit 

export markets and at the same time lead to quality upgrading in surviving firms, corroborate 

recent empirical evidence showing that quality of exported products is one of the main 

; Khandelwal 2010).    

Finally, our result support the notion that exporters facing higher tariffs in the destination 

markets adopt pricing to market strategies, by setting lower prices when tariffs increase, 

revealing a loss of market power consistent with rent-shifting effects. These results are clearly 

contrasting with those on STCs and NTMs, suggesting important differences in the way they 

may alter competition and market structure.   

The results emerging from this paper may have some relevant implications. First, and 

perhaps more importantly, results clearly suggest that most restrictive SPSs that are subject to 

STCs, by discriminating against smaller firms, lead to a more concentrated export markets, 

where larger firms further increase their market share. This evidence could be particularly 

critical in a developing country like Peru, where small firms represent the large majority. An 

increase of restrictive standards could indeed raise inequality, also in terms of wage and 

poverty, as these firms absorb the large majority of unskilled workers.   

A second potential implication of our findings is related to the different effects 

export price and quality exerted by NTMs characterized by different restrictiveness. While for 

the most restrictive SPSs targeted by STCs the increase in export prices is fully absorbed by 

products  quality upgrading, this is not the case for the majority of regular SPSs and TBTs. In 

the latter cases, the increase in export price is fully explained by an increase in quality-

adjusted prices, while product quality of the surviving firms results unaffected. This result is 

somehow puzzling, as it suggests that several food safety and quality standards imposed in 

particular by more advanced economies, actually do not bring extra benefits to consumers. In 

contrast, these standards seem apparently to increase the market power of surviving firms. 



Because worldwide we are experiencing a reduction of tariffs, that are partially substituted 

with NTMs, it should be of relevant importance in bilateral and multilateral trade negotiations 

to put more emphasis on specific provision for NTMs, considering not only their trade effect, 

but focusing also on their (possible) anti-competitive effect.  

Third, our results clearly support the promotion of policies focused on facilitate exports 

of smaller firms, for which the barriers associated with increasing standards in international 

markets are more challenging but for which the benefits (conditional on remaining in the 

market) could be also higher. From this perspective, it is of relevant importance for 

developing countries to raise their voices in global and bilateral trade fora, and increase their 

capacity to negotiate favorable conditions in trade agreements, to reach fairer global 

competition.  

Clearly, all the above findings (and implications) are the result of a case-study that 

focused on Peruvian exporting firms. As such, while we are confident that the above results, 

on average, have similar implications for many other developing countries, we are still far 

from a full comprehension of the complex role played by (different) NTMs. However, by 

working with the entire portfolio of NTMs, our analysis allows assessing the different trade 

and quality effect of standards with different stringency. From this perspective, this approach 

looks promising for a better understanding of the complex impact of NTMs. We believe this 

is an important message of our paper, because, as recently argue by Ning and Grant (2019), 

the use of a broad based approach attempting to quantify the trade effect of thousands of 

NTMs may lead to ambiguous trade outcomes. This calls for further similar investigations 

exploiting firm-level data in other developing countries.  
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Figure 1. Number of Specific Trade Concerns (STCs) raised on SPS measures 

 

           Source: Calculation based on WTO I-TIP database (accessed December 2016). 
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Figure 2. Number of new non-tariff measures (NTMs) per year 

 

                  Source: Calculation based on WTO I-TIP database (accessed December 2016). 
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Figure 3. Marginal effects of SPS STCs   

conditional on  

 

Note: SPS  market share as a 

size variable. The estimated marginal effects for extensive margin, exit probability and intensive margin refer to 

regression results in Table 2 columns 2, 5 and 8 respectively.  

 

 

 

 

 

 

 

 

 

 



Figure 4. Marginal effects of SPS STCs for price, quality and quality-adjusted price, 

conditional on  

 

Note:  Total export as a 

size variable. The estimated marginal effects for price, quality and quality-adjusted price refer to regression 

results in Table 4 columns 1, 4 and 7 respectively.  

 

 

 

 

 

 

 

 

 

  



Table 1. Summary Statistics of Dependent and Independent Variables

 

Note: All variables and data sources are described in the text. 

Variable Obs Mean Std. Dev. Min Max

Extensive margin 222,532  0.21     0.41     0 1          

Exit 222,532  0.27     0.44     0 1          

(log) Intensive margin 62,677    10.46 3.00 -4.61 18.70

(log) Price 36,584    0.91 1.02 -3.51 8.69

(log) Quality 36,584    0.24 0.68 -1.81 2.66

(log) Quality-adjusted-Price 36,584    0.67 1.16 -4.12 8.24

Variable Obs Mean Std. Dev. Min Max

Dummy STC 62,667    0.45 0.50 0 1

Dummy SPS 62,667    0.78 0.41 0 1

Dummy TBT 62,667    0.78 0.41 0 1

Dummy border NTM 62,667    0.35 0.48 0 1

Dummy SPS Emergency 62,667    0.03 0.16 0 1

Dummy SPS regular 62,667    0.76 0.43 0 1

(log) Ad valorem tariff 62,667    0.03 0.07 0 1.04

(log) Size (t-1) 62,667    0.33 2.43 -15.35 5.42

(log) Market share (t-1) 62,667    0.09 0.15 0 0.69

Multi Destination Exporter (Top 10) 62,667    0.02 0.15 0 1

Dummy STC * log Size (t-1) 62,667    0.26 1.58 -13.267 5.42

Dummy STC * log Market share (t-1) 62,667    0.03 0.09 0 0.69

Dummy STC * Multi Destination Exporter (Top 10) 62,667    0.01 0.10 0 1

Dependent Variables

Control Variables
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Table 3. Estimated Effects of Different Non-Tariff Measures (NTMs) on 

Extensive Trade Margin, Probability to Exit and Intensive Trade Margin

 

Note: Regressions are estimated using OLS and control for product-destination-time and firm fixed effects (see 

text). Regressions on extensive margin and exit are linear probability models. Intensive margin is log-specified. 

All regressions in the table use total export as a proxy for firm size. Standard errors clustered at HS4-destination-

year level are in parentheses. Level of significance: * p < 0.1, ** p < 0.05, *** p < 0.01.

(1) (2) (3) (4) (5) (6)

Trade margins
Extensive 

margin
Extensive 

margin
Exit Exit

Intensive 
margin

Intensive 
margin

Dummy STC -0.052*** -0.050*** 0.058*** 0.057*** -0.716*** -0.709***
(0.012) (0.012) (0.013) (0.013) (0.166) (0.167)

Dummy SPS 0.024** -0.003 0.234**
(0.010) (0.009) (0.109)

Dummy TBT 0.032* 0.029 0.075*** 0.076*** 0.431** 0.429**
(0.018) (0.018) (0.016) (0.016) (0.201) (0.201)

Dummy border NTM -0.012** -0.011** -0.005 -0.005 -0.105* -0.105*
(0.005) (0.005) (0.005) (0.005) (0.058) (0.058)

Dummy SPS emergency -0.124*** 0.028** -0.044
(0.011) (0.013) (0.142)

Dummy SPS regular 0.033*** -0.005 0.248**
(0.010) (0.009) (0.109)

log Ad valorem tariff -0.159*** -0.156*** 0.020 0.019 -2.036*** -2.014***
(0.017) (0.017) (0.019) (0.019) (0.299) (0.299)

log Size (t-1) 0.018*** 0.018*** 0.026*** 0.026*** 0.086*** 0.086***
(0.001) (0.001) (0.001) (0.001) (0.019) (0.019)

Dummy STC * log Size (t-1) 0.003*** 0.003*** 0.001 0.001 0.140*** 0.140***
(0.001) (0.001) (0.001) (0.001) (0.014) (0.014)

Observations 222532 222532 222532 222532 62677 62677
R-squared 0.256 0.258 0.260 0.260 0.634 0.634



Table 4. Estimated Effects of Different Non-Tariff Measures (NTMs) on Firm-Level 

Price, Quality and Quality-Adjusted Price 

Note: Regressions are estimated using OLS and control for product-destination-time and firm fixed effects (see 

text). Price, quality and quality adjusted price are log-specified. Standard errors clustered at HS4-destination-

year level are in parentheses. Since quality is an estimated variable, regressions in columns from 4 to 9 with 

quality and quality-adjusted prices as dependent variables have a bootstrapped standard error based on 

100replications. Level of significance: * p < 0.1, ** p < 0.05, *** p < 0.01. 

 

(1) (2) (3) (4) (5) (6) (7) (8) (9)

Price Price Price Quality Quality Quality
Quality-adj 

Price
Quality-adj 

Price
Quality-adj 

Price

Dummy STC 0.331*** 0.337*** 0.337*** 0.321*** 0.323*** 0.323*** 0.010 0.015 0.014
(0.086) (0.084) (0.083) (0.096) (0.096) (0.085) (0.083) (0.100) (0.091)

Dummy SPS 0.194*** 0.017 0.177***
(0.048) (0.035) (0.040)

Dummy TBT 0.263*** 0.258** -0.096 -0.096 0.359*** 0.354***
(0.102) (0.101) (0.074) (0.078) (0.116) (0.106)

Dummy border NTM 0.034 0.033 0.011 0.011 0.023 0.022
(0.021) (0.021) (0.018) (0.020) (0.024) (0.023)

Dummy SPS emergency 0.001 0.030 -0.028
(0.062) (0.049) (0.055)

Dummy SPS regular 0.206*** 0.016 0.190***
(0.048) (0.034) (0.042)

log Ad valorem tariff -0.591*** -0.660*** -0.647*** 0.481*** 0.468*** 0.467*** -1.072*** -1.128*** -1.114***
(0.106) (0.108) (0.108) (0.095) (0.098) (0.096) (0.119) (0.118) (0.117)

log Size (t-1) 0.005 0.005 0.005 0.046*** 0.046*** 0.046*** -0.041*** -0.041*** -0.041***
(0.006) (0.006) (0.006) (0.006) (0.006) (0.006) (0.007) (0.008) (0.007)

Dummy STC * log Size (t-1) -0.020*** -0.019*** -0.020*** -0.026*** -0.026*** -0.026*** 0.006 0.007 0.006
(0.005) (0.005) (0.005) (0.004) (0.004) (0.004) (0.005) (0.006) (0.005)

Observations 36584 36584 36584 36584 36584 36584 36584 36584 36584
R-squared 0.815 0.815 0.816 0.407 0.407 0.407 0.731 0.731 0.732



Table 5. Estimated Effects of Different Non-Tariff Measures (NTMs) on Firm-Level 

Price and Quality for Firms with Different Levels of Product Differentiation 

 

Note: The sample has been divided according to the level of product differentiation, as indicated by the quality 

ladder (see text for further details). All regressions are estimated using OLS and control for product-destination-

time and firm fixed effects (see text). Price, quality and quality-adjusted price are log-specified. Standard errors 

clustered at HS4-destination-year level are in parentheses. Since quality is an estimated variable, regressions 

with quality and quality-adjusted prices as dependent variables have a bootstrapped standard error based on 

100replications. Level of significance: * p < 0.1, ** p < 0.05, *** p < 0.01. 

 

 

 

 

(1) (2) (3) (4) (5) (6)

Short Quality 
ladder

Long Quality 
Ladder

Short Quality 
ladder

Long Quality 
Ladder

Short Quality 
ladder

Long Quality 
Ladder

Dummy STC 0.423*** 0.286*** 0.220*** 0.474*** 0.203** -0.188**
(0.086) (0.086) (0.082) (0.084) (0.093) (0.092)

Dummy SPS 0.214*** 0.178*** 0.015 0.005 0.199*** 0.173***
(0.048) (0.057) (0.031) (0.036) (0.041) (0.044)

Dummy TBT 0.234** 0.281*** -0.066 -0.132* 0.300*** 0.413***
(0.102) (0.104) (0.072) (0.078) (0.097) (0.095)

Dummy border NTM -0.046* 0.143*** 0.050** -0.041* -0.096*** 0.183***
(0.024) (0.028) (0.022) (0.023) (0.021) (0.024)

log Size (t-1) 0.004 0.005 0.023*** 0.070*** -0.018*** -0.065***
(0.006) (0.007) (0.007) (0.007) (0.006) (0.008)

Dummy STC * log Size (t-1) -0.024*** -0.016*** -0.023*** -0.032*** -0.002 0.016**
(0.006) (0.006) (0.005) (0.006) (0.006) (0.007)

log Ad valorem tariff -0.589*** -0.654*** 0.396*** 0.698*** -0.985*** -1.351***
(0.115) (0.193) (0.112) (0.185) (0.137) (0.214)

Observations
R-squared 0.816 0.419 0.734

log Price Quality Quality-adj Price

36584 36584 36584


