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Evidence from the Synthetic Control Method 
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The effects of organic equivalence agreements (OEA) on organic export value have been studied; however, their effect 

on organic production is yet to be investigated. This study examines the effect of the European Union’s (EU) OEAs on 

the organic land share of partner exporting countries. Employing the synthetic control method, this study provides 

evidence that the EU’s OEAs have positive effects on organic land shares of exporting countries. Additionally, the 

duration of the time lag following the intervention of OEAs varied across countries. 
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1. Introduction 

In the 21st century, increasing awareness of environmental 

protection and health has shed light on the consumption and 

production of organic agriculture. In 2021, the European 

Union (EU) has taken 37% of the global organic food and 

drink market in 46.7 billion euros. In the meantime, after 

Oceania, Europe has the second-largest expanse of organic 

farmland, covering a substantial 17.8 million hectares. This 

area accounts for approximately 23% of the world’s total 

organic farmland (Willer et al., 2023). In response to the 

ever-growing appetite for organic products, the EU witnessed 

a surge in total organic product imports, escalating from 2.79 

million tons in 2020 to 2.87 million tons in 2021 (European 

Commission, 2022). 

The EU has developed several mandatory organic 

certifications and accreditation systems for organic products 

(European Commission, 1999). All organic products 

imported into the EU must have the appropriate electronic 

certificate of inspection (e-COI). Non-EU countries have the 

option to apply for the e-COI from relevant control bodies 

designated by the EU. However, various organic certification 

schemes in different control bodies contribute to the higher 

costs associated with the trade, including engaging in 

negotiations, and checking whether products comply with the 

appropriate specifications (Sawyer et al., 2008). Food and 

Agriculture Organization advises importing countries to 

avoid using organic certification standards as technical 

barriers to trade. In response to this, non-European countries 

have another option to apply for recognition as “equivalent 
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countries,” indicating that their national standards align with 

the EU’s standards for organic production, processing, 

inspection, and certification. Organic equivalent countries 

can apply the e-COI from their national authorities and their 

products do not need a second review when entering the EU 

market. By 2023, the EU has established partnerships of 

OEAs with 14 countries for different scopes of organic 

products. 

Past studies focused primarily on analyzing the effects of 

organic equivalence agreements (OEA) on the export values 

of organic products from trade partners. For example, the 

effect of the OEA on international organic trade in the United 

States was investigated by Demko and Jaenicke (2018). The 

research found that these agreements had positive effects on 

the flow of organic trade, although their effect was sensitive 

to factors such as the direction of trade flow, period, and 

countries involved. However, to the best of our knowledge, 

no study has yet investigated the effect of OEAs on the 

organic production of trade partners.  

Among 14 the EU’s trade partners, based on specific 

criteria, Chile, South Korea, Canada, and Australia were 

selected as treatment countries. These countries have reached 

OEAs with the EU. We applied the synthetic control method 

to estimate the impact of OEAs on organic land shares. 

Organic land share serves as a stable, direct, and clear 

indicator of the extent of organic production. The primary 

aim of this research is to provide a comprehensive and data-

driven analysis of how OEAs with the EU affect organic 

production within these trade partner countries. We would 
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like to contribute to the understanding of the dynamics 

between trade agreements and organic agriculture practice 

and potentially discuss future policy recommendations in the 

realm of international trade agreement and organic farming 

development.  

The remainder of this paper is organized as follows. 

Section 2 elaborates on the framework of the synthetic 

control method and its applications. Section 3 provides 

detailed information on the data, including the outcome 

variables, predictors, and the selection of treatment countries. 

The results are presented in Section 4. Finally, Section 5 

presents the conclusions, limitations, and future plans for this 

research.  

 

2. Method 

The synthetic control method was utilized to account for 

two key challenges: the limited small sample size of organic 

land share data and the substantial heterogeneity across each 

partner country. To tackle these issues, we constructed 

synthetic counterparts individually for Chile, South Korea, 

Australia, and Canada. These synthesized comparators were 

designed to replicate the performance of each country’s 

organic land shares prior to their OEAs with the EU. For each 

trade partner, we employed the optimal weighted average for 

each donor pool to create a synthetic counterpart. The donor 

pool comprises non-EU countries that do not have any OEA. 

The application of the synthetic control method used in this 

study has been described in details in a series of studies by 

Abadie (Abadie and Gardeazabal, 2003; Abadie et al., 2015). 

Suppose there is a sample of 𝐽  1 countries and only the 

first country is exposed to a bilateral OEA with the EU. Other 

J countries are called the donor group. The time periods 

preceding and following the year when the OEA came into 

effect are commonly denoted as the pre-treatment period 𝑻𝟎 

and post-treatment period 𝑻𝟏. Since the year of issue of the 

OEA servers as a cutoff between  𝑻𝟎  and 𝑻𝟏 , it can be 

included in either  𝑻𝟎 or 𝑻𝟏 and will not affect results of 

treatment effects. Let the outcome variable 𝑌௧  be the 

organic land share of country 𝑗  at time 𝑡  of  𝑻𝟎  or 𝑻𝟏 , 

which measures the ratio of the total organic land area to the 

total agricultural land area.  

Suppose there are 𝑘 predictors for each country, let 𝑿𝟏 

be a 𝑘 ൈ 1 vector of predictors of the treated country and 

𝑿𝟎 be a 𝑘 ൈ 𝐽 vector of the same predictors for the countries 

in the donor pool. The weight placed on each country in the 

donor pool is symbolized as 𝑤 , and the vector of 

weight  𝑤   is denoted as 𝑾,  a 𝐽 ൈ 1  vector. Hence, the 

differences in the predictors between the treated trade partner 

and the synthetic counterparts are given by vector 𝑿𝟏 െ

𝑿𝟎𝑾 . Abadie and Gardeazabal (2003) introduced 𝑽  as a 

𝑘 ൈ 𝑘  diagonal matrix with nonnegative components to 

reflect the relative importance of each predictor. A calculation 

method for the optimized 𝑾∗ is proposed as follows: 

𝑀𝑖𝑛𝑖𝑚𝑖𝑧𝑒 ඥሺ𝑿𝟏 െ 𝑿𝟎𝐖ሻ𝚻𝑽ሺ𝑿𝟏 െ 𝑿𝟎𝐖ሻ, 

 𝑠𝑢𝑏𝑗𝑒𝑐𝑡 𝑡𝑜 0 ൏ 𝑤 ൏ 1 𝑎𝑛𝑑 ∑ 𝑤
ୀାଵ
ୀଶ ൌ 1.   (1) 

The choice of 𝑽  can be any initial value 𝑽𝟎  based on 

prior knowledge of relative importance of the predictors, and 

𝑽 affects the root-mean-squared prediction error (RMSPE). 

Intuitively, the RMSPE measures the discrepancy in fit 

between the outcomes of the treatment observations and their 

synthetic counterparts during the pre-intervention period 

(Abadie and Gardeazabal, 2003; Abadie et al., 2015). The 

optimal synthetic counterpart during the pre-intervention 

period was reproduced by identifying the optimized 𝑾∗, the 

optimal 𝑽∗ and minimizing the RMSPE with iteration. Let 

𝒀𝟏𝒕
𝑵  be the organic land share of the synthetic counterpart. 

Given 𝑤∗ calculated from equation (1), the counterfactual 

𝒀𝟏𝒕
𝑵   is replaced by the weighted average value of organic 

land shares of the donor pool. Let 𝛼ଵ௧ෞ  be the difference of 

the organic land shares between OEA trade partners and their 

respective synthetic counterparts. Consequently, the 

inferential effect of the OEA 𝛼ଵ௧ෞ  is calculated as 

𝛼ଵ௧ෞ ൌ 𝑌ଵ௧ െ ∑  𝑤∗𝑌௧
ୀାଵ
ୀଶ .           (2) 

Given that the data sample size in the synthetic control 

method is typically limited, and the number of countries in 

the donor pool is relatively small, it is not appropriate to rely 

on conventional statistical inference based on large sample 

theory to assess the significance of the treatment effect. 

Additionally, there is a potential risk that results of the 

synthetic control method are sensitive to the choice of the 

donor units (Firpo and Possebom, 2018). Therefore, we 

conduct placebo tests and a leave-one-out robustness to 

check for each treatment country.  

In the placebo test, similar to the process used by Abadie 

in 2003 and 2015, we treated each country in the donor group 

as a fake treatment country individually and calculated the 

fake treatment effect at the same intervention time. Countries 

with inadequate fitness outcomes of the synthetic control 

method during the preintervention period were excluded. The 



Research Letters 33



34

 

value of organic processors (calculated as an average value 

in time-series direction for each country) as a predictor in the 

synthetic control method. The mean value is applied to 

account for the issue of data missing in some years to keep 

enough countries in the donor group. This choice was based 

on the validity of using characteristics unaffected by the 

intervention as predictors (Abadie and Gardeazabal, 2003). 

Furthermore, it is a common practice to include lagged 

values of the outcome as predictors in the pretreatment period, 

along with other covariates (Kaul et al., 2022). Table 1 

provides a description of the predictor data for both the 

treatment and synthetic control groups. 

 

4. Results 

Table 2 displays the treatment effect, p-values calculated 

from the placebo test, and ranges of estimated effects 

calculated from the leave-one-out robustness check, in the 

time period after the EU’s OEAs. Our study observed that 

overall, OEAs with the EU increased organic land shares in 

trade partner countries. Statistically significant positive 

effects were observed at the 5% level for Chile in 2020 (2 

years after agreement) and Australia in 2014 (6 years), and at 

the 10% level for South Korea in 2019 (4 years) and Canada 

in 2019 (8 years).  

Below, we discuss the results of the treatment effects and 

the evolution of the actual value of organic land shares by 

country. The most remarkable effect was observed in Chile, 

where the estimated treatment effect in 2020 was 

approximately 0.9%. In terms of actual value, organic land 

share in Chile was only 0.1% in 2017, which means that the 

treatment effect was nine times greater than the pre-treatment 

value. Similar results are observed for the other three 

countries. The treatment effect in South Korea in 2019 was 

approximately 1.0%, the fourth year after the OEA in 2015. 

In terms of actual value, the organic land share in South 

Korea increased from 1.0% in 2014 to 1.8% in 2019. In 

Australia case, the treatment effect took six years to become 

significantly positive, which has remained stable at 

approximately 5.3% since 2016. The organic land share of 

Australia increased from 2.8% in 2007 to 7.9% in 2016. 

Finally, regarding the results for Canada, it can be concluded 

that the OEA increased the organic land share of Canada by 

0.6% in 2019, nearly eight years after the OEA in June 2011 

(Kaul et al., 2022). In terms of actual value, the organic land 

share of Canada increased from 1.2% in 2011 to 2.3% in 

2019. The expansion of organic farmland typically took place 

several years after agreements were established. One 

common reason for this delay is the organic certification 

requirement, which mandates that the land must be chemical-

free for the previous two or three years, depending on the 

crops. 

In 2021, the EU imported 27, 909 tons of organic food 

from Chile, which was nearly equivalent to the EU’s imports 

from Canada, totaling 30,610 tons (Willer et al., 2023). When 

we consider the total farmland in Chile, which stood at 2.5 

million hectares according to FAO statistics for the year 2021, 

and compare it to Canada’s vast expanse of 73.1 million 

hectares, it becomes evident that the volume of organic 

farming trade with the EU has a significant impact on the 

overall agricultural landscape in Chile.  

We can take into consideration that the treatment effect, 

Table 2. Results 

Note: 1) Asterisks ** and * denote significant difference from zero 
at 5 and 10 percent level, respectively. Bar length reflects 
the size of treatment effects. The last two columns show 
the minimum and maximum treatment effects estimated 
by the leave-one-out (LOO) test. 
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especially in Chile—a developing country—is significant in 

terms of fixed costs associated with quality signaling. Auriola 

and Schilizzi (2015) made the argument that the expense 

associated with quality signaling, which includes organic 

products, can be a substantial fixed cost that is separate from 

the actual cost of producing organic products. In affluent 

nations, there should be extensive adoption of high-quality 

certified products, while in less affluent countries, their 

utilization tends to be limited, even when the production of 

these products isn’t overly expensive. Lowering fixed costs 

associated with quality signaling through the OEA could 

incentivize organic production in less capital-rich developing 

countries. However, our study, limited to Chile, didn’t detect 

significant differences in OEA’s impacts between developed 

and developing nations. Further research is imperative. 

As a robustness check for the choice of synthetic controls, 

we applied the leave-one-out test (The rightmost column, 

Table 2). It shows that the results of synthetic control method 

are hardly affected by the choice of any observation in the 

donor group and supports the conclusion that the OEA with 

the EU has positive effects on organic land shares. 

 

5. Conclusion 

Generally, countries with lower levels of organic 

production benefit from OEAs, as they facilitate technology 

adoption and the management of organic information 

(Sapbamrer and Thammachai, 2021). From organic 

agriculture development perspective, past literature suggests 

that OEAs have several benefits, including the establishment 

of national organic standards, government control systems, 

and the provision of information about organic producers, 

processors, exporters, and importers at the national level 

(Ellis et al., 2006). From an economic perspective, the 

harmonization of certification systems in different countries 

has been shown to reduce certification and transaction costs 

and boost organic trade (Pekdemir, 2018). 

In this research, we found that the EU’s OEAs have a 

positive effect on the increase in organic land shares in 

exporting countries, and organic export volume to the EU can 

be an important factor for different time lags and treatment 

effects. 

These findings have important policy implications for 

organic agriculture development. The study demonstrates the 

positive effects of the EU’s OEAs on promoting organic 

production in trade partners. In the case of Chile, a 

developing country, the rapid promotion effect was observed 

with less time lag. This implies that the transaction costs 

associated with organic trade, like dealing with multiple 

authorities, diverse certification processes, negotiations, and 

product checks, which are supposed to be higher in 

developing countries, may have a notable negative influence 

on the adoption of organic farming. OEAs could help address 

these market hurdles stemming from high fixed costs, thus 

promoting the production of organic agricultural goods. This 

also suggests that promoting organic agriculture requires 

more than just offering technical assistance to local farmers 

and educating consumers within their own countries. It also 

necessitates engaging in diplomatic initiatives with countries 

that serve as international shipping destinations on a broader 

scale.  

This study has several limitations that warrant further 

research. OEAs with the US can also affect the results. South 

Korea-US Organic Equivalency Agreement was enacted in 

July 2014 just before the agreement signed with the EU. 

Canada also has the OEA with the United States since June 

2009 (Government of Canada, 2009). Previous studies have 

indicated a strong positive effect of the agreement between 

the Unites States and Canada on the US export value 

(Jaenicke and Demko, 2015). Therefore, the observed 

increase cannot be solely attributed to the EU’s OEA. Future 

research could focus on analyzing agricultural trade flows 

using specific organic codes to determine the individual 

effects of the EU and the US OEAs. The research scope can 

involve both organic trade flows and organic land shares. 

This would provide a more comprehensive understanding of 

the specific effects of different OEAs on organic production.  

Another limitation is the choice of predictors. Although 

using the value of the outcome variable in the pretreatment 

period as a predictor is a practical and commonly used 

approach, Firpo and Possebom (2018) pointed out that the 

results could be sensitive to choices of covariates. Because 

the determinants of organic land shares may vary across 

different counties, and data availability is limited for 

additional characteristics, the potential choices for predictors 

in this study are limited. By incorporating more information 

on the determinants of organic land shares, the predictors of 

the synthetic control method can be modified to yield more 

accurate results. In future studies, a broader range of 

predictors should be considered, including a longer period 

following the intervention of OEAs.  
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