
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu


1 

 

 

 

Can Fresh Produce Farmers Benefit from Global Gap Certification? 

The case of lychee producers in Madagascar 

 

 

Julie SUBERVIE, INRA, UMR 1110 MOISA, F-34000 Montpellier, France. subervie@supagro.inra.fr   

Isabelle VAGNERON, CIRAD, UMR MOISA, F-34398 Montpellier, France   

Selected Paper prepared for presentation at the International Association of Agricultural 

Economists (IAAE) Triennial Conference, Foz do Iguaçu, Brazil, 18-24 August, 2012. 

 

 

 

 

 

 

 

 

Copyright 2012 by Subervie and Vagneron.  All rights reserved.  Readers may make verbatim copies of 

this document for non-commercial purposes by any means, provided that this copyright notice 

appears on all such copies.  

  



2 

 

 

 

 

 

Can Fresh Produce Farmers Benefit from Global Gap Certification? 

The case of lychee producers in Madagascar
♦

 

 

Julie Subervie
∗
 and Isabelle Vagneron

**
 

 

Abstract: 

It has only been a few years since the private standard GlobalGap has been introduced in the 

Malagasy lychee value chain. Since the year 2005, under pressure from some European importers, 

many exporters have chosen to intensify relations with small-scale farmers and have assisted them in 

achieving GlobalGap certification. Indeed, in contrast with countries where farmers seeking 

certification have to pay for it, in Madagascar certification costs have been entirely supported by 

exporters themselves, often with financial support and technical assistance from donors and trade 

facilitators. This has entailed an unexpected situation, characterized by a boom in the number of 

certified farmers when development programs started, followed by a disengagement of some 

exporters, who have chosen to opt out of the GlobalGap compliance process as soon as financial 

supports ended. Taking advantage of this very specific context in the form of a natural experiment, 

we aim at understanding potential mechanisms through which Malagasy farmers may benefit from 

GlobalGap standards and assessing consequences on their marketing performances using original 

dataset. The results generally do not show any significant impact of certification on prices received 

by farmers. However, they suggest that certified farmers may have an opportunity to sell larger 

quantities because of a mechanical interest from exporters or because they are able to improve both 

quality and quantity by using new infrastructure built for requirements. On average, currently 

certified producers sell about 4.5 tons, which means 1 ton more than what they would have sold, had 

they not been uncertified. This estimate appears driven by certified farmers who carry their product 

to the treatment plant by themselves.  
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I. Introduction 

Private standards play an increasing role in the governance of global food markets. Developed in the 

1990s in response to consumer scares, private standards in the food sector initially focused on food 

safety. They subsequently extended to incorporate broader issues such as environmental protection, 

employment practices, animal welfare, etc. Private standards vary tremendously according to: (a) 

who developed them (individual companies, business coalitions with private companies and/or 

NGOs, networks of multiple stakeholders); (b) who adopts them (farmers, processors, whole chain) 

and (c) what issues they address (food safety, traceability, provenance, environmental issues). 

Nevertheless, initially developed to improve reputation and avoid from blame, private standards are 

increasingly used by downstream operators to exert control over the entire production process 

(Dolan and Humphrey, 2000; Freidberg, 2007; Vagneron et al., 2009).  

The proliferation of private agrifood standards is likely to set new challenges for farmers and food 

chain operators, especially those located in developing countries (Henson and Humphrey, 2010). In 

Sub-Saharan Africa, several countries (e.g. Ghana, Kenya, Madagascar, Senegal) have been following 

strategies aimed at diversifying their agriculture towards non-traditional agricultural products (fruits, 

vegetables, flowers, spices) as a mean to increase export earnings while fighting poverty (Asfaw et 

al., 2008; 2010). In many of these countries, non-traditional crops are produced by smallholders; 

their main target is the European Union market (Henson et al., 2011; Okello et al., 2011). In these 

countries, the rise of private agrifood governance has triggered growing concerns that compliance 

with increasingly stringent private standards may undermine the competitiveness of farmers and 

exporters, and their ability to benefit from the opportunities of high-value food markets located in 

developed countries.  

In fresh produce field, one of the most important standards is GlobalGap, a private voluntary 

standard created by a consortium of European retailers in 1997. Based on a framework of Good 

Agricultural Practices (GAPs) aimed at ensuring compliance with public food safety requirements, 

GlobalGap has since then broadened its focus to encompass environmental protection, employment 

practices and animal welfare. It is today one of the most widely applied private agrifood standards in 

the world (Eurofruit Magazine, 2008). In the case of GlobalGap, several studies stress the cost of 

ensuring and demonstrating compliance with the standard for small farmers from developing 

countries. Indeed, Asfaw et al. (2010) show that for smallholders, the investment costs (e.g. 

infrastructure, equipment) to become GlobalGap certified accounts for 30% of their annual crop 

income. Similarly, Graffham et al. (2007) also reveal high costs of compliance. Comparing the effects 

of GlobalGap on various sizes of Kenyan vegetable farmers, Mausch et al. (2009) show that 

smallholders bear high certification costs and must wait over two years to recover their investment 
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in certification but perform better in terms of revenue-cost ratio. Several studies show that the 

existence of economies of scale in investment for compliance tends to handicap smallholders 

(Chemnitz, 2007; Asfaw et al., 2008; Mausch et al., 2009). On the other side, only a few studies 

emphasize the benefits for those who succeeded in becoming certified. According to Asfaw et al. 

(2010), not only do certified farmers receive higher incomes, they also enjoy improved bargaining 

power and more secured relations with their buyer, and keep participating in export markets. Finally, 

some studies stress collateral positive effects such as increased salaried employment (Maertens and 

Swinnen, 2009) or improved health outcomes among farmers (Asfaw et al., 2010).   

Taking as a starting point the existing but very scarce empirical literature on the impact of private 

standards on smallholders in developing countries, the aim of this paper is to measure the effects of 

GlobalGap on the marketing performance of certified lychee producers in Madagascar. Globalgap 

was first introduced into Madagascar’s lychee value chain in 2005 under the pressure of a handful of 

European importers. In contrast with countries where the compliance costs are borne by the farmers 

(who may or may not be supported by donors or by NGOs), in Madagascar GlobalGap certification 

costs for lychees are entirely supported by the exporters with financial support and technical 

assistance from donors and trade facilitators. The initial boom in the number of certified farmers that 

accompanied donor involvement in 2007-2008 was soon followed by a large and sudden drop, as 

several exporters chose to abandon the certification when donor support dried up. Taking advantage 

of this very specific context, which takes the form of a natural experiment, we assess the impact of 

GlobalGap on the marketing performance of certified lychee producers in Madagascar. Performance 

is measured through traded volumes and selling prices.  

In the course of our research we tested the following hypotheses: (a) in comparison with a situation 

without GlobalGap, lychee exporters increase their sourcing from certified farmers; (b) as a collateral 

effect, compliance with GlobalGap requirements increases the quantity and/or the quality of lychees 

provided by certified farmers (we thus expected a positive impact on the volumes sold by the 

farmers); (c) exporters who sell certified lychees might benefit from a price premium, which may in 

part be transmitted to the farmers. Our results suggest a positive impact of certification on quantities 

sold by certified farmers. On average, currently certified producers sell larger quantities than their 

matched counterparts. In 2009, they sold about 4.5 tons of lychees, i.e. 1 ton more than what they 

would have sold, had they not been uncertified. Conversely, our results fail to show that currently 

certified producers receive higher prices. The remaining of the article is organized as follows: the 

next section describes the lychee value chain in Madagascar, the emergence and the specificities of 

the GlobalGap standard for lychee production. Section three presents the empirical framework and 

discusses the identification strategy. It is followed by a description of the data and by descriptive 
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statistics in the fourth section. The main results of our study are presented and discussed in section 

five. Sections six discusses the interpretation of the results and concludes. 

 

II. Lychee export sector in Madagascar and Global Gap standards 

 

a. Lychee value chain 

Madagascar is the main lychee supplier for the European Union. In 2006, the total value of lychee 

exports reached nearly USD 3 million, almost 9% of all exports (WorldBank, 2007). Since 2004, 

Madagascar exports an average volume of 20,000 metric tons each year. In Europe, lychee 

consumption is both highly seasonal and very short. Lychees from Madagascar arrive in Europe 

between mid-November and mid-January. As a result of such concentration in time (the campaign 

lasts 3 months) and space (Toamasina province), a variety of actors temporarily participate in lychee 

related activities (pickers, collectors, transporters, exporters) before returning to other activities the 

rest of the year.  

The lychee production area extends over 800 km along the eastern coastline between Toamasina and 

Fort Dauphin and involves over 30,000 families (Thierry, 2007). Total annual production was 

estimated at roughly 180,000-200,000 metric tons between 2003 and 2006 (WorldBank, 2007). The 

production area for exported lychees is concentrated around the island's main harbor: Toamasina 

(Tamatave) and the neighboring districts of Vavatenina, Fénérive-Est, Tamatave II, Brickaville and 

Vatomandry. Around 30 exporters operate in Toamasina. Exporters work through collectors and 

directly with producers for their lychee supply. In both cases they pay in advance for their lychees. 

The rest of the year, these companies export other commodities. Exporters are in charge of sorting 

and applying chemical treatment to the lychees, packaging and bringing the lychees to the boats. 

Exporters are quite a heterogeneous group in terms of turnover activity. While some exporters only 

operate during the lychee season and do not have their own packaging unit, others collect large 

volumes of lychees and are in relation with several importers. Recently, some exporters started 

producing lychees themselves in large orchards.  

Over 3,000 collectors operate in the area (WorldBank, 2007). Two main types of collectors can be 

distinguished: (a) professional collectors - who also collect cloves, vanilla, pepper, coffee, the rest of 

the year - are based in Tamatave. They work with one or several exporters and have their own 

network of trusted suppliers to whom they provide cash advances and technical advice; they only 

collect lychees for the export market; (b) more occasional collectors from Tamatave or Antananarivo, 

whose participation depends on market opportunities, on the availability of a vehicle to bring the 

lychees to the exporters' treatment plants and packaging units. These operators sell to the exporters 
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by queuing in front of their treatment plants. They have no contract with the producers and may 

switch producers from one year to the other. Once the export season is over, they sell the remaining 

lychees on local markets or in Antananarivo. 

Most lychee producers (80 to 90%) only own a few trees - less than 20 - that are scattered on their 

plots. Trees are not very well tended and receive little inputs. The main activity is the organization of 

the harvest using both family and seasonal workers from neighboring villages. Workers are in charge 

of picking, sorting and packaging the lychees in traditional baskets (garaba). Most producers have 

little knowledge about markets and depend on the collectors to market their lychees.  

 

b. EU requirements and the emergence of GlobalGap standards 

Under the Everything but Arms agreement (2001), Madagascar enjoys a duty-free and quota free 

access to the European Union for fruits and vegetables (Minten, Randrianarison, Swinnen, 2009). 

However, important public regulations limiting the entry of fresh fruit and vegetable into the EU 

include: EC Regulations 396/2005 and 178/2006 on pesticide regulation and the general food safety 

regulation imposing traceability of food products within the EU (EC regulation 178/2002) (Codron, 

Giraud-Heraud, Soler, 2005). In the case of imported products such as lychees, it is the responsibility 

of the importer to ensure compliance with the relevant requirements. Moreover, stringent public 

health standards regulate lychee exports
1
. In the case of Madagascar, maximum residue levels for 

sulfur are difficult to comply with for lychee exporters due to the need for post-harvest treatment 

with sulfur. Authorized in the European Union for table grapes, blueberries and lychees (since 2006), 

sulfur treatment in foodstuffs is regulated through Directive 95/2/EC on food additives. In the USA, 

sulfur treatment is only authorized for postharvest use on grape.  As a result, lychees from 

Madagascar cannot be sold on the US market.  

The main private quality standard used in the EU for fresh produce is GlobalGAP, which provides a 

set of guidelines established to ensure the hygiene and safety of agricultural products. As most 

lychee trees are unattended, GlobalGAP focuses mainly on harvest (access to clean water for pre-

harvest hand washing, packaging of lychees) and post-harvest procedures (safety, hygiene and 

working conditions at the sulfur treatment plant, respect of maximum residue limits).  

                                                           

1
 Lychees deteriorate rapidly unless proper handling techniques are employed. SO2 fumigation is considered as 

the most effective and practical postharvest treatment to control color change for lychees. However, there has 

been increasing concern about sulfur residues in fruit in recent years, as some consumers are sensitive to 

sulphites. A maximum residue limit of 10 ppm sulfur is set in Europe, Australia and Japan. In the USA, sulfur is 

only registered for postharvest use on grape (Jiang et al., 2003).  
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For lychees as for other fresh produce, GlobalGap offers different certification options: farmers may 

be certified either individually (option 1) or as a group (option 2). Under group certification (option 

2), the farmer group is required to set up an Internal Control System (ICS) with qualified staff from its 

members. The external certification body examines the working of the ICS and inspects a random 

sample of farmers each year. Group certification allows: to share auditing costs and some 

investments (e.g. pesticide store) among group members; to share information and to build capacity 

within the group; to increase farmer motivation to comply through peer pressure on members. It is 

perceived as more feasible for small farmers, and as a means to reduce the risk of smallholders’ 

exclusion from value chains (Will, 2011). Certification is obtained when passing an on-farm inspection 

and paying a fee that must be renewed every year. Quality management systems must be developed 

to ensure safe pesticide use, and compliance with handling and hygiene standards. Last, exporters 

must be able to trace production back to a specific farm from which it was procured in order to 

ensure the compliance of the product with the standard. Compliance with the standard involves fixed 

costs (e.g. the construction of sheds and of latrines with running water) and recurring costs (e.g. 

record keeping of all farm activities related to the production of the certified crop, both at the 

individual and the group level, monitoring costs).  

Recently, some exporters have received financial support from donors as part of development 

projects. Supported by the USA, the Millenium Challenge Account (MCA) is a government program 

aimed at reducing poverty in rural areas. During the 2006-2007 lychee campaign, the MCA provided 

technical, financial and organizational support to the lychee value chain, namely for quality 

upgrading and Globalgap certification. The program ended with the military coup of 2009.  Similarly, 

the USAID-funded project called BAMEX (Business and Market Expansion) was designed to promote 

and develop business, trade and market development in Madagascar. BAMEX supported the lychee 

value chain through various actions, including the design of a “Lychee Action Plan” (2007), the 

development of procedure manuals for quality management along the lychee value chain, the 

lobbying for financial support from International Finance Corporation in order to obtain technical 

assistance to comply with GlobalGAP requirements and certification, the development of 

communication aids for the 2008 session of Fruit Logistica’s “International Fruit and Vegetable 

Show”. The program ended in 2008 (USAID, 2008). 

The year 2007 was characterized by a peak in the number of certified producers in the country: in 

2007-2008, 1,136 lychee farmers were certified and nearly 2,000 tons of GlobalGAP certified lychee 

were exported (Ramananarivo et al., 2011). After the withdrawal of donors, it is clear that the 

number of certified producers has declined substantially, falling to roughly 100 producers (based 
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again on the evidence of certification bodies).
2
 Such phenomenon has entailed an unexpected 

situation where lychee exporters have the opportunity to source from both certified farmers, ex-

certified farmers, and never-certified farmers. In our empirical analysis, we exploit this specific 

feature of the lychee chain in 2009 which takes the form of a natural experiment.   

 

III. Empirical framework 

a. Empirical model 

The relationship between the Malagasy lychee producers and exporters can be analyzed in the 

conceptual framework proposed by Barrett (2011), where firms (exporters here) make the 

contracting choice sequentially. First, they choose where to locate its procurements activities 

(Toamasina and the neighboring districts of Vavatenina, Fénérive-Est, Tamatave II, Brickaville and 

Vatomandry). Second, they select the farmers who are able to comply with their requirements 

(location, production capacity, and education levels notably). Thirdly, farmers may accept or not. In 

the Malagasy case, qualitative evidence shows that costs supported by farmers are actually negligible 

compared to exporters' costs. Actually, their main investment is time they allocate to GlobalGap 

training sessions. This entails that lychee farmers systematically accept to participate in the 

certification process when they are offered to. 

In our framework, the exporter opts for a farmer’s certification if the benefits ��� associated to 

certification are higher than costs	���. We do not observe such benefits and costs, but we observe 

whether a farmer has achieved GlobalGap certification or not, and we observe factors ��� that drive 

the net benefit	�� � ��. This helps us write a straightforward model of participation in GlobalGap 

process: ��	 
 1	�	��	∗ � 0 ��	 
 0	�	��	∗ � 0	
 

(1) 

with ��∗ 
 �	 � �	 
 ��	 � �	 
 GG�∗ is a latent variable and GG� is a dummy which takes value 1 if the farmer i has achieved 

ceritification process and zero if not; ε� is a random error term.  

  

                                                           

2
 It is still low today with 188 certified farmers in April 2010 (FoodPLUS, 2010); 145 as for December 2011 

(http://www.globalgap.org/cms/upload/Resources/Publications/Newsletter/120321_AR11_web-FINAL.pdf). 
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The probability for a farmer to be certified is thus: 

 ����	 
 1� 
 ����	 � �	 � 0� 
 ����	� 
 

(2) 

where ��. � is the standard normal cumulative distribution function.  

We then model the impact of GlobalGap certification on marketing performances of certified farmers 

taking into account that many other factors are likely to affect his outcome: 

 

 	 
 ��	, ��	� 

 

(3) 

The central feature of this model is that factors � drive both the probability for a farmer to be 

certified and his outcome level: they are factors of selection bias. For example, it is reasonable to 

suppose that exporters that seek farmers for certification will reach those with high productive 

potential, i.e. owning a large number of lychee trees; and this productive potential also determines 

the level of outcome (the quantity sold) outside the �� channel. We thus include in vector � the 

number of lychee trees by age and the quantities sold in the pre-certification season. Qualitative 

evidence on farmers’ selection into the certification process also indicates that farmers’ ability to 

rapidly harvest and transport the lychees to the sulfur treatment plants located in Tamatave are 

important criteria for exporters. We thus include in vector � a measure of the harvest workforce 

available, a dummy which takes on the value one if the farmer is located in the early produce area 

(south of the export region) and value zero if not, the distance from the village to Tamatave, and a 

dummy that takes on the value one if the farmer carries the products to Tamatave by himself and 

value zero if not. We also include into vector � the education level of farmers, supposing that 

GlobalGap training requires at least being able to read. Finally we take into account the existence of a 

contract between the farmer and the exporter, supposing that the exporter will seek farmers for 

certification among those he already known as good suppliers.  

Note that although there may be additional factors affecting the outcome level apart from vector �, 

we do not explicitly add them to the model as long as they do not drive the probability to be certified 

(indeed adding them will not change the value of the parameter " that we aim to recover). Moreover 

in the case under study, we failed to find variables that would be likely to influence the outcome 

outside vector �. 

Another important feature of this model is the existence of additional factors likely to influence the 

probability for a farmer to be certified. Such factors are exogenous in the sense that they do not 

affect the outcome level directly (hence omitting them in equation (3) does not create bias), and they 

are unobserved (they are stored in � in equation (2)). Taking into account the very specific context of 
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the Malagasy lychee chain, we argue that at least two factors are likely to exogenously explain the 

decision for an exporter to pay for a farmer’s certification. First, exporters may benefit from financial 

support from development projects. This mechanically reduces their costs	�, which in turn increases 

the probability that they opt for certification. Second, exporters may have to cope with new 

requirements from buyers in terms of improved food safety, which threaten their expected 

benefit �	in case they would not be able to comply with them.  

 

In that context, there are various potential mechanisms through which certified farmers may benefit 

from GlobalGap standards in terms of marketing performances. Marketing performance is measured 

through traded volumes to the main buyer (in all cases the main buyer is the exporter that seek 

certification) and prices they receive (in Malagasy ariary/kg). As compared with a situation without 

GlobalGap standards, exporters are expected to increase sourcing from certified farmers to the 

detriment of uncertified farmers. In practice, this would mean that certified farmers who are able to 

carry their lychees to Tamatave by themselves have priority to the sulfur treatment plant and have 

the possibility to sell all their products, while without certification there would be no guarantee that 

the full quantity they offer would be sold, quantities that can be loaded on board by each exporter 

being limited by an individual quota.
3
 However, most farmers generally sell their lychees to a 

collector who reaches them at the farm gate and acts as an intermediary between the exporter and 

the farmers (Kersting, 2012). As compared with a situation without GlobalGap standards, we may 

suppose that the collector who reaches certified farmers take all garaba baskets that can be offered, 

while in the absence of certification he would have taken the bother to sort out the best baskets in 

order to limit chances to be refused lychees at the treatment plant. Moreover, as a collateral effect, 

compliance to GlobalGap requirements may increase quantities provided by certified farmers who 

are trained for the upkeep and care of the trees and have access to water points to irrigate, making 

them able to grow larger quantities. We thus expect a positive impact on sold quantities at the 

producer level. Exporters who sell certified lychees may also benefit from a price premium; this may 

translate in a price premium for farmers too. We thus also expect a positive impact on prices 

certified farmers received. 

 

b. Estimators  and identification strategy 

Our parameter of interest is the average gain from certification for the subset of farmers who were 

actually certified in 2009. It answers the question “how much did certified farmers get (in terms of 

                                                           

3
 Moreover, certified farmers may have the opportunity to sell larger quantities than those under pre-harvest 

contract. 



11 

 

additional quantity sold or price premium received) compared to what they would have experienced 

without participating in the certification process?”. One straightforward way to get an estimate of 

such impact is to run ordinary least squares on	 	 
 # � $. �	 � ". ��	 � %	, where δ  is the impact 

of GlobalGap certification we aim to recover. However, in addition to the assumption of linearity, this 

would require to suppose that " is constant across	�, meaning that the impact of certification is the 

same for all certified farmers. Without any evidence for such assertion, we thus opt for the widely-

used matching approach, which does not require specifying the functional form of the outcome 

equation (3) and relaxes the hypothesis of a constant effect. 

 

Let '(be the potential outcome (quantities sold or prices received) of a farmer in the certified state 

and ') his potential outcome in the uncertified state. In this framework, our parameter of interest is 

called the average treatment effect on the treated (ATT). It is the difference between the average 

level of outcome we observe in 2009 in the certified farmer group and the level we would have 

observed had they remained outside the certification process (the so-called counterfactual 

situation): *++ 
 ,�'( � ')|�� 
 1� 
 ,�'(|�� 
 1� � ,�')|�� 
 1�. 
 

(4) 

Obviously, we cannot observe both terms ,�'(|�� 
 1� and ,�')|�� 
 1� for the same farmer at 

the same time. More precisely, we can get data on ,�'(|�� 
 1� and on ,�')|�� 
 0� but we do 

not observe	,�')|�� 
 1�. In order to cope with this, we make the traditional assumption that 

given the set of observable factors	�, potential outcomes are independent of the certification status 

(Rubin, 1977). Hence, after controlling for	�, the mean potential oucome is the same for certified 

and uncertified (this assumption is called the conditional independence condition or selection on 

observables):	,�')|�, �� 
 1� 
 ,�')|�, �� 
 0�. We are thus able to recover *++ conditional 

on	�: *++��� 	
 ,�'(|�, �� 
 1� � ,�')|�, �� 
 0� 
 

(5) 

If we believe that factors � which create selection bias are all observable - meaning that we can 

measure all of these factors through available data - we can use matching estimators to 

estimate	*++���. Matching estimator gets rid of selection bias due to observables by comparing the 

outcomes of certified farmers with outcomes of similar matched uncertified farmers (Imbens, 2004). 

There are varieties of matching estimators. The quality of the data collected allowed us to use the 
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difference-in-differences (DID) matching estimators
4
 : nearest-neighbor matching (Abadie et al. 

2004), kernel-based matching, and local linear matching (Leuven and Sianesi 2003). DID matching 

estimators allow for temporally invariant differences in outcomes between treated and their 

matched counterparts.  It takes the following form: 

∆/01(020
 3(4(56'	7( � '	78( �9:	; <';7) � ';78) =;∈2? @
	∈2A

 

 

(6) 

where B( denotes the group of certified farmers, B) denotes the group of uncertified farmers, 3(is the 

number of certified farmers in B(. Matching estimators we use differ in how matched uncertified 

farmers are selected through the matching procedure. This is driven by the weights :�C that we 

assign to potential matches given their characteristics	�.
5
 It is important that these variables � are 

not affected by the certification (Imbens, 2004), that is why we take their values prior to the 

emergence of GlobalGap standard in the Malagasy lychee value chain (2005). Note that the matching 

procedure is also valid when applied to the summary statistic	�D	��� 
 1|��, the propensity score, 

rather than � directly (Rosenbaum and Rubin, 1983). To do so, we estimate equation (2) in a first 

stage in order to get the predicted probabilities of participation in the certification process. Finally, 

we also run linear regressions as a robustness check. We use the asymptotically-consistent estimator 

of the variance of the nearest-neighbor matching estimator provided by Abadie and Imbens and we 

implement a bootstrap procedure (500 repetitions) to get an estimator of the variance of the kernel 

and the local linear matching estimators. 

 

The validity of matching estimators relies on strong statistical assumptions. And yet, we argue that in 

the special case of Madagascar, we can reasonably suppose that they hold. First, based on qualitative 

evidence, we can safely assume that the conditional independence condition is valid because there 

                                                           

4
 Traditional matching estimators assume that after conditioning on a set of observable characteristics, 

outcomes are conditionally mean independent of certification participation. However, for a variety of reasons 

there may be systematic differences between participant and nonparticipant outcomes, even after 

conditioning on observables that could lead to a violation of the identification conditions required for 

matching. A DID matching strategy, as defined in Heckman, Ichimura, and Todd (1997), and Heckman, Ichimura, 

Smith and Todd (1998) allows for temporally invariant differences in outcomes between participants and their 

matched nonparticipants counterparts (Todd, 2007). It is analogous to the traditional cross-sectional matching 

estimator in the sense that it requires that: ,�'7) � '7E)|�, �� 
 1� 
 ,�'7) � '7E)|�, �� 
 0� 
5
 The nearest-neighbor matching estimator we use in the analysis matches each certified farmer to the four 

closest uncertified farmers in terms of vector � (or propensity score). Both kernel and local linear matching 

estimator construct a match for each certified farmer using a weighted average over all uncertified farmers 

(see for example Tood (2008) for a formal definition of weights in each case). 
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are actually few factors that are likely to be sources of selection bias and we are able to observe 

them. But most of all, in contrast with countries where farmers seeking certification have to pay for 

it,  in Madagascar certification costs have been entirely supported by exporters themselves, often 

with financial support and technical assistance from donors and trade facilitators. This has entailed 

an unexpected situation, characterized by a boom in the number of certified farmers when 

development programs started, followed by a disengagement of some exporters, who have chosen 

to opt out of the GlobalGap compliance process as soon as financial supports ended. Taking 

advantage of this very specific context which takes the form of a natural experiment, we targeted ex-

certified farmers when we selected uncertified farmers from the lychee farmer population, 

supposing that both certified and ex-certified farmers display similar characteristics, even 

unobserved ones. This guaranties the existence of a large common support, another condition for 

validity of the matching procedure (Heckman, Ichimura and Todd, 1997), which implies that we are 

able to find both currently certified and uncertified farmers with high probability of being certified 

given their characteristics	�. Factors’ variability on the exporter side (pressure from buyers and 

financial support) thus acts here as a natural experiment in the sense that it insures that both 

certified and uncertified with similar characteristics � coexist at the same time. Hence, controlling for 

observable characteristics � and temporally invariant unobservable ones only adds accuracy to the 

estimate.  

The basic intuition behind this strategy is the following: when comparing currently certified farmers 

to ex-certified farmers with similar � (similar location, production and education levels, etc.), we 

actually compare farmers who supply two different types of exporters: those who chose to pay for 

certification because of market forces and/or because they benefit from financial support, and 

others who decided to give up certification because support programs ended and/or because 

European demand in terms of food safety standards does present a credible threat for them. Actually 

both mechanisms seemed to play a role in (de)certification process. Indeed, development programs 

providing financial support for certification ended in 2008 which was immediately followed by a 

disengagement of some exporters, who chose to opt out of the GlobalGap compliance. At the same 

time however, increased pressure from buyers encouraged exporters who were already linked to 

them not to give it up and others to enter into the certification process. Consequently our sample 

includes certified farmers from the certification boom of 2007 but also more recently certified ones.  

Secondly, we can also assume that the treatment received by one farmer (certification here) does 

not affect outcomes for another farmer.
6
) And yet, it is often difficult to ignore potential general 

equilibrium effects when assessing the impact of food standards, as they are likely to affect the FFV 

                                                           

6
 This assumption is referred to in the literature as the Stable Unit Treatment Value Assumption (SUTVA). 



14 

 

market as a whole, meaning that we would not be able to find any control group in this case. 

However, in the special case of the lychee market in Madagascar in 2009, certified farmers account 

for a very small share of traded quantities (only 100 farmers among 30,000). Therefore, even a 

significant impact on them is not likely to result in a general equilibrium effect, in the sense that even 

if exporters significantly increase sourcing from certified farmers to the detriment of non-certified 

farmers, the change in the average outcome in the non-certified group will be too small to be 

statistically detectable. Moreover, exporters do not source from both certified and ex-certified 

farmers: this means that increasing sourcing from certified farmers will be to the detriment of never-

certified farmers rather than ex-certified farmers. Hence we can safely assume that our control 

group, which includes ex-certified farmers only, will not be contaminated by the impact of 

certification on certified farmers - if there is any.  

 

IV. Data and descriptive statistics 

a. Sampling and data 

The survey has been run in August 2010. It has been a recall survey about what happened during the 

marketing season 2009/2010. The followings topics have been investigated through the 

questionnaire: household's general characteristics, household's assets, land, lychee production, 

lychee marketing, EurepGAP/GlobalGAP standards, other cash crops, social network, saving and 

credit, other activities, health and consumption. Moreover, regarding data requirements for the 

analysis, the survey also included some questions referring to the pre-certification period, namely 

season 2005-2006. 

The targeted population is that of export producers of lychee. The study area covers the districts of 

Brickaville, Vatomandry, Tamatave, Vavatenina, and Fenerive East, a large corridor along the East 

coast which is the main exporting region of lychees. The survey covers a total of 506 producers, 

surveyed individually even if they belong to a group or association. The sample includes:  

- 73 farmers, who were certified during the 2009 lychee season. Thereafter these producers 

are named certified farmers. Hopefully, this group includes the majority of producers actually 

certified in 2009 across the country;
7
  

- 232 farmers, who were not currently certified in 2009 but have been certified at least once 

since 2005 lychee season; in what follows, they are named ex-certified farmers. 

Our sample also includes 201 farmers, who have never been certified; they are called never-certified 

farmers. Main part of the analysis is based on comparisons between certified farmers and ex-

                                                           

7
 This is another specific feature of this study. It has only been a few years since the private standard GlobalGap 

has been introduced in the Malagasy lychee value chain. We thus had the opportunity to survey almost all 

certified farmers existing in 2009.  
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certified farmers. However, the never-certified group will be used to assess main determinants of 

selection used by exporters who seek certification. 

Uncertified villages have been selected based on the following conditions: being in the same area as 

certified producers and having lychee producers with a number of trees close to that of GlobalGAP 

producers. In practice, once the villages have been selected on the basis of the geographical criteria, 

the enumerators had to go door-to-door randomly until they get the number of respondents that 

had been set for each village.  

 

b. Descriptive statistics 

Table 1 shows that, in our sample, lychee farmers who have experienced certification (certified and 

ex-certified farmers) do not differ from other lychee farmers in terms of age, farm size, family size, 

access to water, and non-agricultural activity. Despite the fact that we targeted uncertified farmers 

owning a high number of trees, the groups still differ on the productive potential and marketing 

performances. Moreover, both the maximum and the minimum price received by farmers who have 

experienced certification seem higher than for other lychee farmers, which would suggest that they 

are able to produce a higher quality and/or supply exporters at the very beginning of the lychee 

season when prices are relatively high. Both certified and ex-certified farmers also have more often 

the ability to reach Tamatave by themselves to sell their products. In accordance with our sampling 

plan targeting farmers of each type located in the same area, in all three groups the distance from 

Tamatave is around 120 km. Moreover, farmers who have experienced certification seem to remain 

part of a kind of professional network as they are usually under contract with their main buyer. 

Interestingly, lychee producers who have never been certified have even never heard of the 

GlobalGap standard. This basic information confirms that certification is driven by exporters only: 

farmers are offered to be certified by the exporters themselves, meaning that farmers who produce 

large quantities and have developed the trust in their relationship with the exporter are more likely 

to be chosen for certification.  

Basic statistics on the cumulative number of years as a certified producer show that it could be one 

or two mainly. The majority of ex-certified farmers (153) have been certified once in 2007, the year 

the number of certified producers was the highest. Our intuition is that compliance is not a very 

heavy burden in the case of lychee producers in Madagascar. They must follow one or two training 

per year. They are sometimes but not always inspected. They do not seem constrained by the 

collector, at least not more than other producers. Some of them benefit from cash advance loans. 

Required infrastructure built for certification can be sheds to store lychees, water-points, water 

pump, latrines alongside fields, and fences. 
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V. Results 

a. What are the determinants of farmer participation in certification? 

In order to identify the main characteristics of farmers that make them more likely to be chosen by 

exporters who seek certification, we use data collected on farmers who have never experienced 

certification in order to compare them to farmers who were certified in 2009 or had been certified at 

least once before 2009 – the so-called ex-certified farmers. Conditional probabilities for certification 

are computed by estimating a probit model, which includes all variables	�, as shown in equation (2). 

Note that we apply model (2) to a sample which includes farmers who have never been certified, 

because we want to detect to what extent they differ from farmers who have already been certified. 

However, because we run the survey on never-certified farmers having a large number of lychees 

and living in the neighborhood of certified farmers, we may not be able to show the importance of 

either the geographical location or the productive potential. Results of the probit regression are 

displayed in Table 2. As expected, they show no significant effect of the distance to Tamatave. On the 

other hand, the number of oldest trees remains higher for farmers who have already experienced 

certification compared to others. Moreover, it appears that both the level of education (the dummy 

takes on value 1 if the farmer has at least completed elementary school) and the ability of the farmer 

to reach the treatment plant play an important role in the selection process.  

 

b. Does certification increase marketing performances of certified farmers? 

We now turn to the impact analysis. In accordance with our identification strategy, we apply the 

propensity score matching to a sample which includes certified and ex-certified farmers only. From 

the equation of participation (2), the propensity scores are calculated for each farmer of the sample. 

Propensity scores are first used to define the common support, i.e. the subset of certified farmers for 

which the density of ex-certified farmers with similar level of � is high enough. To do so, we apply 

the standard procedure (Todd, 2007): after excluding points for which the estimated density is zero, 

we exclude an additional small percentage of the remaining points for which the estimated density is 

positive but very low. The graph of the distribution of propensity scores suggests that densities are 

high enough for a wide range of propensity scores (see Figure 1), which is the expected result in our 

framework, where the participation in certification varies with some unplanned events such as 

financial support from donors that happens to be exogenous. Matching procedure is considered 

successful when significant differences of covariates � among certified and ex-certified are removed. 
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We test the balancing property following the algorithm proposed by Becker and Ichino (2002) and 

conclude that it is satisfied
8
.  

 

Main results on the impact in terms of quantities sold by certified farmers are displayed in Table 3. 

Description of the estimators used is given in Table 12. All estimators indicate that currently certified 

producers sell larger quantities than their matched counterparts (ex-certified).
9
 In 2009, they sold 

about 4.5 tons, which is 1 to 1.4 tons (depending on the estimator considered) more than what they 

would have sold, had they remained outside the certification system. As explained before, various 

scenarios may explain such a result.  We thus run additional estimates which aim to challenge them 

when it is possible with available data.  First, we run identical estimations on the subset of farmers 

who carry their lychees to Tamatave themselves (see Table 5). We estimate even higher impacts for 

this subgroup, while nothing significant can be detected for the subset of farmers who sell at the 

farm gate (Table 6). These results suggest that the 1-ton-impact we estimate based on the whole 

sample is driven by the Tamatave group only. Table 4 gives the mean level of the outcome (the 

quantity sold to the main buyer) in each group reaching Tamatave. It shows that certified farmers (on 

the common support) sold about 7.3 tons in 2009, which means that they would have sold only 

5.6 tons had they been uncertified (see the estimated mean level of outcome in the control group, 

column 4). Because applying the DID-matching estimator to outcome levels amounts to apply the 

matching estimator to outcomes in difference, we can also interpret the estimated impact in terms 

of variations over the period 2005-2009: we observe an increase of 2 tons in the certified group while 

we would have observe an increase of 0.3 tons in the absence of certification.  

We also apply the DID-matching estimator to the probability that a farmer sells all his lychees to the 

same buyer, and detect a significant impact for subgroup of farmers who go to Tamatave while we 

failed to detect any significant impact for the certified group that sell at the farm gate (Tables 7 

and 8). Both results are consistent with the hypothesis that certified farmers who reach Tamatave 

may have priority to the treatment plant and have the opportunity to sell larger quantities.
10

 On the 

other hand, it seems that certified farmers who sell to the collector at the farm gate do not benefit 

from certification since the probability that they sell all their products to the same buyer is not 

significantly higher compared to a situation without certification. Finally we apply our identification 

                                                           

8
 Becker and Ichino algorithm splits the sample into k equally spaced intervals of the propensity score. Then 

within each interval, it tests that the average propensity score of treated and control units does not differ. If 

the test fails in one interval, it splits the interval in half and tests again. In our analysis, the final number of 

blocks is 5. It ensures that the mean propensity score is not different for treated and controls in each block. 
9
 Note that we run OLS regressions on the full sample, without excluding any certified farmers, contrary to 

what we must do when applying matching estimators. 
10

 This is in line with qualitative evidence according to which some of the sulfur treatment plants have specific 

sorting lines for certified products.  
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strategy to the probability that farmers irrigate their lychees and estimate that such probability is 

significantly higher for certified farmers compared to a situation without certification (Table 9). This 

seems to be in line with the hypothesis that certified farmers have the opportunity to improve their 

production thanks to GlobalGap infrastructure, and yet we cannot conclude about this given that the 

observed outcome is a dummy which takes on value 1 if the farmer states that he irrigates his trees 

in 2009 and else zero. Indeed, such variable does not capture any change in agricultural practices, 

meaning that we cannot exclude that this difference between groups was already significant in 2005.  

Finally, our results fail to show with precision that on average currently certified producers receive 

higher prices than what they would have received had not they been certified (see Tables 10 and 11). 

These results confirm previous qualitative evidence which indicates that certification does not 

guarantee price premium at the exporter level either.   

 

VI. Conclusion 

It has only been a few years since the private standard GlobalGap has been introduced in the 

Malagasy lychee value chain. Since roughly the year 2005, under pressure from some European 

importers, many exporters have chosen to intensify relations with small-scale farmers and have 

assisted them in achieving GlobalGap certification. Indeed, in contrast with countries where farmers 

seeking certification have to pay for it, in Madagascar certification costs have been entirely 

supported by exporters themselves, often with financial support and technical assistance from 

donors and trade facilitators. This has entailed an unexpected situation, characterized by a boom in 

the number of certified farmers when development programs started, followed by a disengagement 

of some exporters, who have chosen to opt out of the GlobalGap compliance process as soon as 

financial supports ended. Taking advantage of this very specific context which takes the form of a 

natural experiment, we aim at understanding all potential mechanisms through which Malagasy 

farmers may benefit from GlobalGap standards and assessing consequences on their marketing 

performances using original dataset.  

Econometric analysis indicates that, compared to the farmers who were never GlobalGap certified 

the lychee farmers who have been GlobalGap certified at least once have a higher productive 

potential and higher marketing performances. They are also more likely to reach Tamatave by 

themselves to sell their products and remain part of a kind of professional network. Moreover, our 

results suggest a positive impact of certification on quantities sold by certified farmers. On average, 

currently certified producers sell larger quantities than their matched counterparts. In 2009, they 

sold about 4.5 tons of lychees, i.e. 1 ton more than what they would have sold, had they not been 

uncertified. Conversely, our results fail to show that currently certified producers receive higher 

prices. Such results are thus not much encouraging from a development point of view. Indeed, the 
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impact estimated by our study is concentrated on the most successful lychee farmers, i.e. those who 

are able to comply with exporters requirements and to bring the lychees to the treatment plant by 

themselves. As more and more farmers enter the GlobalGap market, it is unsure what the benefit for 

farmers would be. It seems however that GlobalGap has enabled lychee exporters to consolidate the 

value chain in a very competitive and highly unstable international market.  

Finally, as far as European consumers are concerned, it is as yet quite difficult to assess the benefits 

associated with the GlobalGap standard. Following positive controls made by importers on lychee 

samples arriving into the European Union for sulfur residues, stakeholders have taken steps to 

ensure full compliance with public food safety regulations.
11

 However, some important issues 

remain. For example, traceability is not fully and thoroughly enforced, as side-selling seems to be a 

frequent practice. Indeed, several exporters mention accepting lychees from uncertified farmers 

(previously certified?) who are hence integrated into the GlobalGap market through informal 

arrangements and sourcing practices that are far from transparent.   
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Table 2: Determinants of farmers’ participation in certification process: marginal effects from probit 

regression 

 

dy/dx Std. z 

 

P>z [95% C.I.] 

head of hh education 0,112 0,051 2,200 ** 0,028 0,012 0,212 

nb of lychee trees (1 to 4 years of age) 0,000 0,001 -0,040 

 

0,972 -0,002 0,002 

nb of lychee trees (5 to 7 years of age) 0,001 0,001 0,850 

 

0,398 -0,001 0,004 

nb of lychee trees (8 to 15 years of age) -0,001 0,001 -1,010 

 

0,314 -0,004 0,001 

nb of lychee trees (16 to 30 years of age) 0,001 0,002 0,360 

 

0,718 -0,003 0,004 

nb of lychee trees (more than 30 years of age) 0,005 0,002 3,040 *** 0,002 0,002 0,008 

nb of lychee trees lost in natural disaster 0,003 0,004 0,810 

 

0,419 -0,004 0,010 

workforce 2005 0,003 0,002 1,300 

 

0,194 -0,001 0,006 

early produce area* 0,040 0,072 0,550 

 

0,582 -0,102 0,181 

contract with exporter* 0,131 0,100 1,310 

 

0,192 -0,066 0,328 

distance to Tamatave 0,000 0,000 -0,380 

 

0,702 -0,001 0,001 

transport of lychee to Tamatave* 0,416 0,042 9,790 *** 0,000 0,332 0,499 

sold quantity to main buyer (kg) 0,000 0,000 -1,370   0,169 0,000 0,000 

(*) dy/dx is for discrete change of dummy variable from 0 to 1 

 

 

Table 3: Impact of certification on sold quantity to the main buyer (ATT on all certified farmers) 

estimator att se stat 

 nnm_4_ps 1303,4 568,0 2,29 ** 

nnm_4_x 1087,7 603,4 1,80 * 

psm_kernel 1292,2 565,7 2,28 ** 

psm_llr 1335,4 587,9 2,27 ** 

ols_ps 1431,7 439,6 3,26 *** 

ols_x 1454,6 377,8 3,85 *** 

Note: att is the estimated ATT; se is the standard error; 

Three asterisks *** (resp. **, *) denote rejection of the 

null hypothesis (att=0) at the 1% (resp. 5%, 10%) 

significance level. 

 

  



Table 4: Mean outcomes by groups that reach Tamatave to sell lychees 

 

treated untreated controls 

 

(1) (2) (3) (4) 

 

n all n support n all   

level 35 9936 20 7272 100 3957 5580 

diff 35 1549 20 1963 99 -119 271 

Note: The sample includes certified farmers reaching Tamatave to sell their products. Column (1) 

gives the level of quantity sold in the certified farmers' group; column (2) gives it for the farmers' 

group on the common support; column (3) gives it for ex-certified farmers; column (4) gives the 

estimated value of the counterfactual level, given the smallest ATT estimated (att=1692, see Table 5). 

 

Table 5: Impact of certification on sold quantity to the main buyer (ATT on certified farmers reaching 

Tamatave) 

estimator att se stat 

 nnm_4_ps 1692,1 817,2 2,07 ** 

nnm_4_x 2016,5 1076,6 1,87 * 

psm_kernel 2186,2 788,8 2,77 *** 

psm_llr 2111,7 1147,8 1,84 * 

ols_ps 2556,5 705,7 3,62 *** 

ols_x 1950,1 725,9 2,69 *** 

Note: att is the estimated ATT; se is the standard error; 

Three asterisks *** (resp. **, *) denote rejection of the 

null hypothesis (att=0) at the 1% (resp. 5%, 10%) 

significance level. 

 

Table 6: Impact of certification on sold quantity to the main buyer (ATT on certified farmers selling at 

the farm gate) 

estimator att se stat 

 nnm_4_ps 1119,4 952,2 1,18 

 nnm_4_x 221,7 752,2 0,29 

 psm_kernel 686,3 883,7 0,78 

 psm_llr 482,6 783,8 0,62 

 ols_ps 380,2 535,2 0,71 

 ols_x 435,1 497,6 0,87   

Note: att is the estimated ATT; se is the standard error; 

Three asterisks *** (resp. **, *) denote rejection of the 

null hypothesis (att=0) at the 1% (resp. 5%, 10%) 

significance level. 

 

 



Table 7: Impact of certification on the probability to sell all baskets to the same buyer (ATT on 

certified farmers reaching Tamatave) 

estimator att se stat 

 nnm_4_ps 0,26 0,10 2,60 *** 

nnm_4_x 0,25 0,15 1,67 * 

psm_kernel 0,25 0,11 2,22 ** 

psm_llr 0,26 0,11 2,40 ** 

ols_ps 0,35 0,11 3,28 *** 

ols_x 0,31 0,13 2,38 ** 

Note: att is the estimated ATT; se is the standard error; 

Three asterisks *** (resp. **, *) denote rejection of the 

null hypothesis (att=0) at the 1% (resp. 5%, 10%) 

significance level. 

Note: because of data availability, we use cross-sectional 

matching instead of DID-matching. 

 

Table 8: Impact of certification on the probability to sell all baskets to the same buyer (ATT on 

certified farmers selling at the farm gate) 

estimator att se stat 

 nnm_4_ps -0,12 0,13 -0,94 

 nnm_4_x -0,13 0,12 -1,10 

 psm_kernel -0,05 0,11 -0,49 

 psm_llr -0,02 0,13 -0,18 

 ols_ps -0,08 0,10 -0,80 

 ols_x 0,04 0,11 0,36   

Note: att is the estimated ATT; se is the standard error; 

Three asterisks *** (resp. **, *) denote rejection of the 

null hypothesis (att=0) at the 1% (resp. 5%, 10%) 

significance level. 

Note: because of data availability, we use cross-

sectional matching instead of DID-matching. 

 

  



Table 9: Impact of certification on the probability to irrigate (ATT on all certified farmers) 

estimator att se stat 

 nnm_4_ps 0,18 0,07 2,68 *** 

nnm_4_x 0,18 0,07 2,57 *** 

psm_kernel 0,19 0,06 2,96 *** 

psm_llr 0,18 0,06 2,84 *** 

ols_ps 0,14 0,05 2,80 *** 

ols_x 0,14 0,05 2,86 *** 

Note: att is the estimated ATT; se is the standard error; 

Three asterisks *** (resp. **, *) denote rejection of the 

null hypothesis (att=0) at the 1% (resp. 5%, 10%) 

significance level. 

Note: because of data availability, we use cross-sectional 

matching instead of DID-matching. 

 

Table 10: Impact of certification on maximum price received (ATT on all certified farmers) 

estimator att se stat 

 nnm_4_ps 57,59 49,11 1,17 

 nnm_4_x 78,26 38,58 2,03 ** 

psm_kernel 68,82 44,56 1,54 

 psm_llr 66,74 45,70 1,46 

 ols_ps 70,08 33,91 2,07 ** 

ols_x 69,75 20,93 3,33 *** 

Note: att is the estimated ATT; se is the standard error; 

Three asterisks *** (resp. **, *) denote rejection of the 

null hypothesis (att=0) at the 1% (resp. 5%, 10%) 

significance level. 
 

 

Table 11: Impact of certification on minimum price received (ATT on all certified farmers) 

estimator att se stat 

 nnm_4_ps 33,21 29,56 1,12 

 nnm_4_x 22,64 24,06 0,94 

 psm_kernel 27,06 30,63 0,88 

 psm_llr 19,84 33,12 0,60 

 ols_ps 37,80 23,32 1,62 

 ols_x 38,74 17,38 2,23 ** 

Note: att is the estimated ATT; se is the standard error; 

Three asterisks *** (resp. **, *) denote rejection of the 

null hypothesis (att=0) at the 1% (resp. 5%, 10%) 

significance level. 
 

 

  



Table 12: Definition of estimators 

Name Definition 

NNM_PS_4 nearest neighbor matching (propensity score) 

NNM_X_4 nearest neighbor matching (covariates) 

PSM_Kernel kernel matching 

PSM_LLR local linear matching 

OLS_X OLS (covariates) 

OLS_PS OLS including (propensity score) 

 

Figure 1: Density of propensity scores by group 
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