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Evidence from the French fish market”

Laurent Gobillon™ and Frangois-Charles Wolff
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Abstract

In this paper, we investigate the effect on quality, quantity and prices of an innovative fishing gear
introduced for a subsample of vessels on a single wholesale fish market in France. Estimations are
conducted using transaction data over the 2009-2011 period during which the innovation was
introduced. Using a difference-in-differences approach around the discontinuity, we find that for the
treated the innovation has a large effect on quality (29.2 percentage points) and prices (23.2
percentage points). A shift in caught fish species is observed and new targeted species are fished
very intensively. We also quantify the treatment effect on the treated market from aggregate market
data using factor models and a synthetic control approach. We find a sizable effect of the innovation
on market quality which is consistent with non-treated vessels adapting their fishing practices to

remain competitive. The innovation has no effect on market quantities and prices.
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1. Introduction

Technology diffusion plays a major role in the development of countries as it improves the
productivity and well-being of the population. Consequently, a large effort has been devoted to
understanding the mechanisms underlying diffusion especially in the agricultural sector (Foster and
Rosenzweig, 2010). At the same time, the exact influence of new technologies on the market is still
subject to debate due to an absence of natural and controlled experiments for an adequate
assessment of their effect as well as the lack of appropriate data.

In this paper, we evaluate the impact of a new fishing technology subsidized by local public
authorities that has been introduced for some vessels on a French wholesale fish market. The aim of
this technology is to increase the productivity of newly-equipped vessels while reducing their fishing
costs. Sustainability is an important matter since the technology targets some specific species which
may be fished too intensively to remain in the long run. We assess the effect of the new technology
on fish quality, quantity and selling prices for treated vessels, and more generally for the local market
where the technology has been introduced. This evaluation is made possible by the availability of
panel data on fish transactions in which vessels are tracked and panel data reporting the aggregate
activity on every local fish markets.

The use of a new production technology is usually considered in the literature as an individual choice
that depends on education, credit constraints, learning by doing and learning from others (Besley
and Case, 1992; Foster and Rosenzweig, 1995; Bandiera and Rasul, 2006; Conley and Udry, 2010).
Private entities and governments can influence adoption through extension agents that diffuse
information on the new technology (Abdulai and Huffman, 2005, Genius et al., 2014) or through
subsidies to purchase the equipment necessary to use the new technology. Here, we consider a
natural experiment such that public authorities subsidized a new gear for some specific vessels
located in a single fish market and we assess the extent to which this gear improved productivity.
Indeed, new fishing gears usually represent a significant investment but they are expected to have a
significant effect on revenues.

The impact of a new technology on outcome, productivity and profit is usually difficult to assess in
agriculture since there can be a selection of individuals deciding to adopt it that depends on
production costs, expected returns and risk. In particular, land soil and climate have an effect on the
harvest. Only a very few papers propose a convincing empirical strategy to establish a causal effect.
Duflo et al. (2008) establish the rate of returns to fertilizers in Kenya using a controlled experiment
with a random allocation of fertilizer use to farmers. Suri (2011) evaluates the distribution of returns
to hybrid maize in Kenya using extensive panel data technics.

Fishing offers a different context since producers are not attached to a location contrary to farmers

cultivating fields. Vessels can fish everywhere at a reasonable distance from their port, and this



alleviates the concern of unobserved heterogeneity. Nevertheless, each gear is associated to specific
expected return and risk, vessels can differ in their equipment, and the experience on gear choice
and fishing spots can vary across captain and sailors (Eggert and Tveretas, 2004; Wolff et al., 2013).
Moreover, the ability to obtain real-time information on the surrounding markets to determine the
best place to land fish can differ across vessels and this information is crucial to sell all the catches at
a good price (Jensen, 2007).

When assessing the effect of the innovation on fish quality, quantity and prices for newly equipped
vessels, we resort to a discontinuity approach coupled with difference in differences since data
follow vessels in a continuous way across time. More precisely, we contrast the changes in outcomes
at the time of technology adoption between vessels which benefited from the technology and similar
vessels in the same local fish market which did not. This strategy exploits time variations in outcomes
and treatment across vessels. It provides estimators robust to both the presence of vessel
unobserved heterogeneity that remains constant around the date at which the innovation is
introduced and unconstrained time effects. This is a useful feature since the aggregate amount and
composition of catches can vary tremendously from day to day.

At the aggregate level, the effect of the innovation on the treated local fish market is evaluated with
factor models and the synthetic control approach. These two approaches exploit time variations in
outcomes and treatment across local fish markets, and they both take into account heterogeneous
time trends across markets. Factor models incorporate several vessel fixed effects interacted with
time fixed effects in a linear panel specification (Bai, 2009; Gobillon and Magnac, 2016). The
synthetic control approach estimates the treatment effect as the difference in outcome after
treatment between the treated local fish market and a weighted average of control local fish markets
with similar characteristics and outcomes before treatment (Abadie and Gardeazabal, 2003; Abadie
etal., 2010, 2015).

We evaluate the effects on fish quality, quantity and prices of a new fishing gear, the Danish seine,
which was used to equip six vessels located in the wholesale fish market of Les Sables d’Olonne in
the region of Pays de la Loire on the French Atlantic coast during the year 2010. It is considered that
this technology should allow vessels to catch fish of better quality but it would also be very intensive
for some specific species. There is a heated public debate around its sustainability and its unfair
competitiveness, and newly equipped vessels have been forbidden to fish around the coasts of three
surrounding regions: Britany, Aquitaine and Poitou-Charentes (Hamon, 2015). Moreover, there are
currently discussions on the opportunity to reduce the net of the new gear to limit its efficiency in
the same way it was done in Norway where it is also used.

Estimations are conducted on two datasets. The first one provides information on all transactions of

fish lots occurring in Les Sables d’Olonne and three surrounding local fish markets from September



2009 to June 2011. The data report the day during which each transaction occurs, a vessel identifier
such that vessels can be tracked across transactions, as well as details on fish lots. The second
dataset provides aggregate monthly information for every local fish market in France from July 2009
to June 2011. The data give the proportion of high-quality fish and the fish distribution across
species. The analysis is restricted to local fish markets on the Atlantic coast since they form a rather
integrated market which is distinct from the few fish markets located on the Mediterranean coast
(Gobillon and Wolff, 2016).

Our estimations with transaction data show that the innovation had a large effect on treated vessels
at the discontinuity when it was introduced, since it increased their proportion of high-quality fish by
29.2 percentage points and their prices by 23.2 percentage points. The average effect over the whole
post-treatment period was slightly smaller for quality, but larger for prices possibly due to an
increase of reputation over time. We also find that the composition of caught species was greatly
affected, with a large increase in the quantity of fished mackerel, red mullet and whiting. This
suggests that the new technology is very intensive in some specific segments of the fish market and it
guestions its sustainability, especially in the long run if it becomes widespread.

When quantifying the impact of the innovation on the treated market with factor models and a
synthetic control approach using data at the fish market level, we find that the treatment effect on
market quality is sizable and comprised within the 13.5-18.2 percentage points interval. This range
can be contrasted with the counterfactual treatment effect obtained from transaction data under the
assumption that there is no spillover of the treated vessels on the non-treated ones, which is found
to be lower and around 5.5 percentage points. This suggests that non-treated vessels adapted their
fishing practices to remain competitive, for instance by fishing closer to the coast to bring back
fresher fish. The estimated treatment effects on market prices and quantity are small and not
significant.

The rest of the paper is organized as follows. Section 2 discusses the context in which the new
technology was introduced as well as its expected effects. Section 3 presents our two datasets as
well as descriptive statistics on our samples. Section 4 explains our econometric approach and

Section 5 discusses the results. Finally, Section 6 provides our conclusions.

2. Presentation of the policy, identification strategy and expected effects

2.1. Introduction of the new fishing gear

During the 2000s, the fishing industry in Europe was hit hard by a steep increase in gasoline price.
This was particularly the case in France where prices increased by 120% over the 2004-2007 period.
Vessel fleets needed to be adapted to the new market conditions and the European Community

allowed for a temporary national support. A segment of the fleet could benefit from public subsidies



up to 60% of the costs incurred by the transformation of all or part of the vessels, as long as the
energy spending represented at least 30% of production costs and the capacity of the fleet segment
would be reduced by 30%. In France, such transformation was designed and conducted by public
entities, since the fleet is heavily regulated, to ensure the sustainability of maritime resources.

It is in this context that local authorities in the region of Pays de la Loire on the Atlantic coast decided
to experiment with a new fishing technology, the Danish seine, which requires shorter travels and is
expected to allow for catches of better quality. The Danish seine was introduced on the fish market
located in Les Sables d’Olonne on the Atlantic coast in 2010 whereas it had not been used in France
before. For that year, this market was ranked 14 among 40 when considering the volume of traded
fish (4,900 tons), but 7™ for the value (24.1 million euros). Six trawlers were temporarily withdrawn
from the local fleet to be equipped with the new technology, while six others were permanently
withdrawn to reduce the size and cost of the fleet.’

The Danish seine is a conical net with two long wings and a pocket in the middle used to collect fish.
There are long drag lines such that wings can embrace a large area. The seine is hauled thanks to a
deck crane installed on the vessel, and the net is moved in a circle around the fish such that it is
herded into the pocket. Buoys are used to maintain the seine close to the water surface and seiners
target fish species living in midwater that include whiting, mackerel or red mullet. By contrast,
trawlers drag large rectangular fish nets most often at the bottom of the sea, and no species is
specifically targeted.

Equipping vessels with a new gear requires time and trawlers needed to stay on land between four
and five months. Figure 1 gives the exact time schedule for the six treated trawlers. The
transformation of the fleet was conducted in two steps: whereas two vessels began to fish with
Danish seine in March 2010, the four others were reintroduced in the fleet between the end of June
and the mid of July 2010. Three treated vessels alternate their fishing gear between the Danish seine
and other technics (trawl) during the summer. Two of them (Black Pearl and Les Barges) have a
specific license to fish white tuna as long as quotas are not exceeded, while the third one
(Renaissance 1) used temporarily a trawler to fish Norway Lobster. The crew of newly equipped
vessels followed a training period in Island where they boarded seiners for two weeks.

[ Insert Figure 1]

! Vessels permanently removed were chosen by local authorities because both the ship and the captain were
old. In particular, ships were built between 1986 and 1991 and they were between 14.4 and 20.8 meters long.
Their withdrawal yielded a decrease of 31.6% in tank capacity for the fleet and a decrease of 36.7% in engine
power.



2.2. Identification strategy

Our empirical strategy to identify the effect of the new technology at the vessel level consists in
comparing the evolution of outcomes between vessels equipped with the new technology, that we
label “treated vessels”, and some comparable control vessels.

The fleet segment considered by local authorities to be partially transformed is that of trawlers which
are at least 12 meters long. Indeed, these vessels are large enough to accommodate the new gear.
The selection criteria for being equipped with the new technology were that vessels had to be built
recently (to make the investment profitable over the years) and that the captain agreed to transform
his ship.? The selected vessels have a length between 18 and 25 meters with an average of 20.9
meters. They were built between 1991 and 2005 with an average year of construction which is
2000.7.

Our control group consists in vessels not equipped with the Danish seine that are in the same length
bracket. This group is restricted to vessels registered in Les Sables d’Olonne and operating fishing
trawls, which is the gear used by seiners before their transformation. There are exactly six vessels
verifying the three criteria related to location, size and fishing gear, and we match them one by one
with treated vessels in decreasing order of length. We label them as “matched control vessels”. They
have a length between 20.6 and 24.9 meters with an average of 22.6 meters, and they were built
between 1983 and 1990 with an average of 1987.

There are differences in the dates at which treated and matched control vessels were built. Age can
change the profitability of vessels as it influences costs such as fuel consumption and need for
repairs. However, there is no technical reason why age should change the quality of catches for a
boat of given length when considering a given gear. Quality mostly depends on the fishing gear and
fishing locations. If vessels go far away from the coast, they have to freeze their catches and this
lowers fish quality. Although the average power of vessels equipped with the Danish seine is initially
higher than that of the matched control vessels (465.7 kW versus 408 kW), both treated and non-
treated vessels were fishing in nearly the same places in the Bay of Biscane before the introduction
of the Danish seine.? Turning to the fish quantity brought back to the port, it depends on storage

capacities which are mainly determined by vessel length.

? We are grateful to Laurent Baranger who is in touch with local fishing authorities for providing us with this
crucial information which is not reported in available official documents. The selection process is the result of
numerous rounds of discussions before the adoption of the Danish seine that local committees of fisheries
(Comité Local des Péches Maritime des Sables d’Olonne and Comité Régional des Péches et des Elevages
Marins des Pays de la Loire) had with fishermen to propose a fleet adaptation plan to local authorities.

® Even if there were changes in the trawling technology (with the introduction over time of more selective
trawls leading to catches of better quality), all vessels whatever their age had the possibility to upgrade their
equipment by purchasing the most recent trawl engine.



In robustness checks, we define two alternative control groups which consist in all non-treated
vessels landing fish in either Les Sables d’Olonne or Vendée. We will refer to them as “control
vessels”. Both groups are more heterogeneous with respect to vessel length, with an average of 14.1

meters for Les Sables d’Olonne and 12.2 meters for Vendée.

2.3. Expected effects of the new technology

The introduction of the Danish seine is expected to have several effects on catches. First, caught
species should be different since seiners fish in midwater rather than at the bottom of the sea, stay
closer to the coast, and drag their net at a slower speed.® In fact, seiners mainly target slow species
in midwater such as whiting, mackerel or red mullet. Second, the quality of a given fished species
should improve since fish is caught alive and in good condition, rather than dead and spoiled. Indeed,
fish is not dragged by a trawl net at the bottom of the sea. Moreover, most fishing trips are shorter
when using the Danish seine rather than other fishing gears since they are made closer to the coast,
so that fish can be brought back fresh without freezing it.

The expected effect of the Danish seine on quantity is difficult to sign. Indeed, the quantity brought
back to the port depends on the maritime resources close to the coast for the new species that are
fished. Moreover, even if the frequency at which vessels go back to the port increases, some of them
may decide to return even if their hold is not full so that they can sell fresher fish. Finally, some
vessels may choose fishing spots close to the coast even if available maritime stocks in these spots
are rather low because this will allow them to sell fresh fish of high quality.

There are also several expected effects on prices. For treated vessels, prices should increase since
quality increases. This effect can be mitigated in the medium run if non-treated vessels improve the
quality of their catches, as this would increase the supply of high-quality fish and thus imply a
decrease in prices on the corresponding segment of the market. Nevertheless, as more fish are
caught close to the coasts, maritime resources and thus vessel supply may decrease in the medium
or long run. This would put an upward pressure on prices. Finally, the reputation of treated vessels
may improve over time with the diffusion of information on their fish quality and this could attract
more buyers, in particular distant ones connected with internet to Les Sables d’Olonne where there
are electronic auctions. This can increase the demand and thus the prices on the market at

equilibrium.

* A slower speed prevents to some extent the deformation of the net mesh. This ensures a better selection of
fished species and it can lead to substantial fuel savings.



3. Description of the data

3.1. Data at the transaction level

Data are available at the transaction level for the fish market in Les Sables d’Olonne as well as those
in Saint-Gilles Croix-de-Vie, Noirmoutier, and lle d’Yeu, which are located at a short distance within
the same administrative unit, the département of Vendée. They cover the period spanning from
September 2009 to June 2011 and each transaction corresponds to a fish lot.”

The sample includes 812,112 transactions with 50.9% of them occurring in Les Sables d’Olonne,
20.6% in Noirmoutier, 17.7% in Saint-Gilles Croix-de-Vie and 10.8% in lle d’Yeu. Fish quantities are
distributed differently across fish markets as the corresponding proportions are respectively 45.5%,
14.6%, 30.2% and 9.7%. We have details on the exact day of the transaction, the identities of seller
(i.e. vessel) and buyer, the price, the quantity, the fish species, the size (up to seven categories
depending on species), the presentation (whole, gutted, in pieces, etc.) and the quality.

In France, quality is graded following the European Community rule 2406/96 and workers grading
fish who operate on fish markets are trained to ensure that grades are consistent over the whole
territory. They are given reference documents which include pictures and detail multiple criteria on
skin, eyes, gills, peritoneum and flesh, for specific groups of species such as white fish, blue fish and
crustaceans. Quality evaluation is conducted using both touch and sight, and there are three grades
that can be attributed: poor (B), average (A) and high (E which stands for Extra).

Over the whole period, there are 398,844 transactions in Les Sables d’Olonne such that 14.3% of
them involve treated vessels and 15.8% of them involve matched control vessels. Catches of treated

and matched control vessels represent respectively 16.8% and 18.0% of sold fish quantity.

Effects at the discontinuity

We can assess to what extent the Danish seine has influenced fish quality with descriptive statistics
at the discontinuity when the innovation was introduced. We plot on the same graph the daily
proportion of high-quality fish (grade E) for every treated vessel during the two months before they
are landed to get equipped with the new gear and during the two months after they are back to the
sea.® For comparison, we construct a similar graph for matched control vessels. Transactions

occurring during the period when their paired treated vessels are landed to change gear are not

> The six vessels removed from the fleet are not in the sample because their exit date was before September
2009.

® After the introduction of the Danish seine, transactions involving fish caught with another gear are excluded
from these computations since we are interested in the effect of the new technology.



taken into account.” In each graph, we represent non-parametric trends before and after the
innovation obtained from local polynomial regressions.
Figure 2 shows that for treated vessels, the daily proportion of high-quality fish is around 50% before
the treatment date. There is then a very large positive jump of 30% at the treatment date and the
proportion increases afterwards to reach 95%. For matched control vessels, the daily proportion of
high-quality fish is around 45% before the treatment date and it experiences a negative jump of 15%
at the treatment date before increasing to reach 60% after two months. Overall, the sharp contrast
between treated and matched control vessels is highly suggestive of a large effect of the Danish seine
on fish quality. It is also suggestive of a spillover effect with matched control vessels increasing their
fish quality over time after the new fishing gear is introduced. Given the time period that is
considered, another possible mechanism is that, after the innovation is introduced, treated and
matched control vessels turn to different fish species and this may affect their average quality.
Indeed, winter is over and fish get closer to the coast so that both treated and matched control
vessels may make shorter trips after treatment. This could increase to some extent their fish quality.

[ Insert Figure 2 ]
To deal with composition effects, we then construct a similar graph for each of the five main species
fished by treated vessels, as well as a residual category labeled “others”. We assess whether there is
a jump in the proportion of high-quality fish at the treatment date for treated vessels (but not for
matched control vessels) in the case of each species.? Figure Al in Appendix shows that it is the case
for mackerel, red mullet, whiting and fish classified in the “others” category. By contrast, we do not
observe any jump in the quality of cuttlefish and squid for treated vessels. These species can hardly
be damaged and are already of high quality before treatment.
We also consider similar graphs for prices per kilogram.? Interestingly, Figure A2 in Appendix shows
that neither treated vessels nor matched control vessels experience a jump in prices at the treatment
date. However, it is possible to check that this absence of jump is due to a composition effect by
repeating the same exercise for the five main species fished by treated vessels and the “others”

category. Indeed, for treated vessels, we find a large positive jump of more than five euros for

’ This restriction is made to avoid differences in quality between treated and matched control vessels that are
related to the period at which fish is caught. It leads to the deletion of 15,016 transactions.

® The five selected species are those with the largest contribution to total quantity fished by treated vessels
over the period. By decreasing order of importance, these species are mackerel (340.3 tons), red mullet (268.1
tons), whiting (224.2 tons), squid (177.8 tons) and cuttlefish (140.8 tons). We exclude albacore (205.7 tons)
because tuna catches are highly seasonal and require specific permits.

° Note that we do not conduct a similar analysis for quantities as it would not make much sense. Indeed, the
guantity is that involved in a given transaction and it does not correspond to the quantity of fish caught by a
vessel over a given period. In particular, a vessel could sell many small fish lots or a single large fish lot for a
given total quantity of fish. We rather investigate below how the daily quantity of caught fish varies after the
introduction of the innovation for treated and matched control vessels.



squids, and smaller positive jumps for mackerel, red mullet and whiting as shown by Figure A3 in
Appendix. The jump is close to zero for cuttlefish and negative for the “others” category. When
pooling all the species, the negative and positive jumps cancel each other. By contrast, for matched
control vessels, there is a positive jump for squid which is smaller than for treated vessels, and no

jump for all the other species.

Effects over the whole period
We then assess whether there is a difference in the evolution of fish quality between treated and
matched control vessels over the whole period spanning from March 2009 to June 2011. Panel A of
Table 1 reports, for both the treated and matched control vessels, the proportion of high-quality fish
when pooling all species and when considering each species separately, before and after treatment.
The figures show for treated vessels that the proportion of high-quality fish experiences a large
increase of 44.3 percentage points after the introduction of the innovation. The difference in the
evolution of this proportion between treated and matched control vessels is smaller as it takes a
value of 27.7 percentage points. This can be explained by an overall improvement of fish quality over
time for all vessels.

[ Insert Table 1]
There is some heterogeneity in the evolution of quality across species since, for treated vessels, the
increase in the proportion of high-quality fish is very large and above 50 percentage points for
mackerel (69.1 pp), whiting (59.5 pp) and the “others” category (53.1 pp). It is smaller for red mullet
and squid at 28.2 and 9.8 percentage points, respectively, and very small for cuttlefish at 3.7
percentage points. For every species, the difference in the evolution of quality between treated and
matched control vessels is smaller than the evolution for treated vessels, and this points again at an
overall increase in the quality of caught fish. This difference remains above 20 percentage points for
mackerel (27.5 pp), whiting (47.7 pp) and the “others” category (31.6 pp), it is smaller at 17.7
percentage points for red mullet and close to zero for squid (4.3 pp) and cuttlefish (-2.0 pp).
Panel B of Table 1 reports descriptive statistics on the daily quantity of sold fish before and after the
introduction of the innovation. It shows that the use of Danish seine is very intensive for the three
species mackerel, red mullet and whiting since, on average, less than 0.15 ton of each were fished
daily before the introduction of the new technology but more than 1.2 tons are fished daily
afterwards (even more than 1.9 tons for mackerel). Interestingly, there are also increases in the sales
of these three species for matched control vessels but they are much smaller. The difference in
differences between the treated and matched control vessels is as high as 1.4 tons per day for red
mullet, 1.0 tons per day for mackerel and 0.9 tons per day for whiting. It is smaller for squid at 0.2

ton per day and it is even negative for cuttlefish at -0.8 ton per day. Interestingly, there is a large
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decrease in the catches of other species for treated vessels of -3.4 tons per day whereas there is a
large increase for matched control vessels of 3.4 tons per day. As a consequence, there is an increase
of the total quantity for treated vessels that is rather small at 0.7 ton per day, but a much larger one
for non-treated vessels at 4.1 tons per day.

Panel C of Table 1 shows that there are very important changes in the composition of species fished
by treated vessels after the innovation is introduced. By contrast, fish composition remains stable for
matched control vessels. In particular, the difference in the proportion of red mullet between treated
and matched control vessels increases by 17.1 percentage points, whereas the increase is 12.9
percentage points for mackerel and 12.3 percentage points for whiting.

Finally, we assess to what extent fish caught by treated vessels are better valued on the market after
the innovation is introduced. As shown in Panel D of Table 1, the price per kilogram increases for the
five main species fished by treated vessels. The increase is the largest for squid at 2.7 euros (+67%)
but it also reaches 1.4 euros (+21%) for red mullet. It is smaller for the other species, but these
species are also less expensive. Their price increase in percentage points, rather than in level, is non-
negligible and sometimes even very large. Indeed, the increase is 0.8 euros (+26%) for cuttlefish, 0.7
euro (+115%) for mackerel and 0.3 euro (+19%) for whiting. For each of the five main species, the
increase in prices for treated vessels is larger than the change in prices for matched control vessels.
By contrast, for the “others” category, there is a slight decrease in prices that occurs for treated
vessels and, to a lesser extent, for matched control vessels. This may be due to some changes in the

composition of species caught by treated vessels within that category.

3.2. Data at the fish market level

We also evaluate the overall effect of the innovation in Les Sables d’Olonne using an aggregate
dataset that spans from July 2009 to June 2011, in which the observation unit is a fish market in a
given month. In 2010, there were 40 fish markets in France among which 34 were localized on the
Atlantic coast. As there are sizable differences in prices and species between the Atlantic and
Mediterranean coasts (Gobillon and Wolff, 2016), we limit the sample to fish markets on the Atlantic
coast. Specifically, we consider the 31 fish markets for which there are transactions every month for
the five main species during the period and this sample includes the treated market of Les Sables
d’Olonne. Data contain information on the overall fish quantity involved in transactions on the fish
market, its market value, composition by species, and the proportion of high-quality fish. Fish price
per kilogram is computed as the ratio between value and quantity.

Figure 3A represents the proportions of high-quality fish for Les Sables d’Olonne and the other fish
markets on the Atlantic Coast. These proportions are rather similar before the innovation is

introduced. The gap in quality is for instance at most 5 percentage points between November 2009
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and March 2010. By contrast, quality in the treated market becomes much larger after the
innovation is introduced. There is a sizable difference in the proportion of high-quality fish with other
markets every month over the period after treatment. From July to November 2010, this difference
increases from 5.7 to 25.3 percentage points and then decreases to around 10 percentage points. It
then climbs again to reach 28 percentage points in March 2011 and decreases again. These variations
in the quality difference could be related to seasonality effects such that the composition of caught
species varies over time. In particular, seiners target specific species which may not be available to
the same extent every month.
[ Insert Figure 3]

Interestingly, Figure 3B shows that the fish quantity sold at Les Sables d’Olonne is at the average
level of other markets before the innovation is introduced. As expected, it decreases when some
vessels are withdrawn from the fleet to be equipped with the new gear, but it then catches up with
other fish markets at levels similar to those before the introduction of the innovation. This occurs
whereas the fleet in Les Sables d’Olonne involves fewer vessels. As shown in Figure A4 in Appendix,
this is mostly due to treated vessels catching more fish, but also to a lesser extent to an increase in
quantity for matched control vessels. Finally, Figure A5 in Appendix shows that neither Les Sables
d’Olonne nor the other fish markets experience a change in the trend of average prices per kilogram

after the innovation is introduced.

4. Empirical strategy

We now present our methodology to quantify the effects of the introduction of the new technology.
We first rely on a discontinuity analysis coupled with difference in differences at the transaction level
to estimate the treatment effect on the treated. Identification relies on the comparison between
treated and matched control vessels of the evolutions of fish quality and prices around the time at
which the innovation is introduced. We then perform an evaluation using market level data to
quantify the overall effects of treatment on the treated market. This additional exercise is of interest
because there can be spillover effects from the treated to the non-treated vessels such that the
aggregate treatment effects at the market level are large. The evolutions of fish quality, quantity and
prices on the treated market are compared with those on other markets while taking into account

flexible forms of unobserved heterogeneity with factor models and a synthetic control approach.

4.1. Estimation strategy using micro data
At the micro level, we assess whether the introduction of the Danish seine has a positive effect on
quality and prices of fish lots. We present our approach for quality, but that for prices is similar. We

first investigate whether there is an increase in the probability of fish lots to be of high quality just
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after newly equipped vessels use the new technology. We consider only transactions occurring
within two months before the vessels are landed to change their gear and within two months after
they are back into water to fish.

Importantly, our setting is not a standard regression discontinuity design because the distribution of
covariates is likely to be different before and after the introduction of the new technology. Indeed,
the composition of fish in terms of species and characteristics varies over time at high frequency
depending on daily conditions. In that case, it is not appropriate to use local polynomial regressions
as the estimated treatment effect is biased when the expected values of covariates on both sides of
the discontinuity are different (Imbens and Lemieux, 2008; Calonica et al., 2016). As a benchmark, we
thus rather consider panel linear specifications involving a parametric time trend and fish
characteristics to be estimated from the subsample of treated vessels. In order to better control for
time effects, we then estimate difference-in-differences specifications at the discontinuity from the

subsample of both treated and matched control vessels.

Discontinuity analysis using the subsample of treated vessels
We denote by E;;; the dummy taking the value one if the fish lot i sold by vessel j at time ¢ is of high

quality (and zero otherwise). We consider a linear probability model and our first specification is:
Eijt = 5]]{t2fj} + Xlg + fl»l(t) + u]' + gijt (1)

where {; is the first day at which vessel j is able to use the Danish seine, ll{tzf],} is a dummy variable

taking the value one if the day of transaction occurs after the innovation is introduced for the vessel
making the transaction (and zero otherwise), X; is a set of fish characteristics (species, size and
presentation dummies), fu(t) is a parametric function of time that we consider to be a cubic time
trend,’® and u; is a vessel fixed effect. Note that this specification ignores the fact that two vessels
equipped with the Danish seine keep using their previous gear during some specific time periods to
catch mostly white tuna or Norway lobster. This simplification is rather innocuous because 97.3% of
catches are made with the Danish seine after the vessels are equipped.™

Our parameter of interest 6 measures the effect of being equipped with the Danish seine on fish
quality. This effect is measured as the jump around the cubic time trend. Identification relies on the

fact that vessel unobserved effects do not vary around the discontinuity, which is credible since the

% Time is measured as the number of days since the beginning of the four-month window centered on the
discontinuity which is specific to each vessel. When studying prices, we also include in the specification fixed
effects for the days of the week since the demand for fish is expected to vary during the week.

" This is confirmed with robustness checks of our results available upon request.
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boat engine, the captain and the crew remain the same after boats equipped with the Danish seine
are back into water. We also rely on a continuity argument since the effect of time on quality is
parametrized to be smoothed and the estimated effect of Danish seine is measured as a deviation

from the time trend.

Difference in differences at the discontinuity

We then try to better control for time effects by using difference-in-differences at the discontinuity.
We assess whether our results are robust when estimating the treatment effect as the difference in
differences in the proportion of high-quality fish between treated and matched control vessels. For
that purpose, we add to our sample the six matched control vessels that are similar to treated vessels
and never use the Danish seine because they have not been equipped with this fishing gear.
Remember that a control vessel is assigned to each treated vessel according to length. We consider
for a given control vessel that the period after innovation is exactly the same as the one of the
treated vessel to which it is matched, even if it does not receive treatment. We then estimate the

following specification:
Eijt = 5H{jeﬂ}ﬂ{tzf]~} + Vﬂ{tzfj} + X;0 + fp.(t) +Uj + & (2)

where () denotes the set of treated vessels and lljecpy is @ dummy that takes the value one if vessel j
is treated (and zero otherwise). Parameter y captures the average post-treatment time effect while
simultaneously controlling for the cubic time trend, and parameter § now captures the difference in
evolutions of fish quality between treated and matched control vessels when the innovation is
introduced.

Note that our parameter of interest is the treatment effect on the treated only if there are no
spillovers of the treatment on matched control vessels. Otherwise it measures the difference in the
effect of innovation on quality between treated and matched control vessels. As matched control
vessels may try to increase their fish quality in the post-treatment period to remain competitive, the

estimated effect is likely to be a lower bound on the treatment effect on the treated.*

4.2. Estimation strategy using aggregate data
We also quantify the overall effect of the introduction of the Danish seine on the treated fish market
located in Les Sables d’Olonne by contrasting the evolution of quality after the introduction of the

innovation between the treated market and other markets. We begin our analysis with a standard

2 For instance, matched control vessels may try to improve the quality of their catches by making shorter
fishing trips as this allows them to unload fresher fish.
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difference-in-differences approach that is valid under the assumption that the evolution for the
treated market in the absence of the technological innovation would be the same as the evolution
for the non-treated markets. As this assumption might be violated, we then turn to more general
specifications that allow for heterogeneity in time trends across markets and estimate factor models
involving a dummy for treatment. Nevertheless, estimates are based on extrapolation when the
characteristics of the treated market are not in the support of control markets. We therefore
confront our results with those obtained by interpolation when using the synthetic control method.
We construct a synthetic market as a weighted average of control markets, and contrast the

evolutions of quality after treatment between the treated and synthetic control markets.

Difference in differences

We first present the difference-in-differences approach that will be used to obtain first estimates of
the treatment effect. Our data consist in a balanced panel of N = 31 markets (including Les Sables
d’Olonne) and T = 24 months. The proportion of high-quality fish in market i at month t is denoted

Y;; and the treated market is indexed by i = 1. The specification is given by:

Yie = 6lg—qylgenry + ZieB + v +uy + €54 (3)

where t is the month during which the new fishing technology is first introduced (ie. March 2011),
l¢i—1y is @ dummy for Les Sables d’Olonne (ie. the treated market), I;>f is @ dummy for the date
being post treatment, § is the treatment effect, Z;; are some explanatory variables (in practice, the
shares of every fish species in total quantity sold on the market), v; is a month fixed effect, u; is a
market fixed effect and ¢;; is a residual. This specification allows for a correlation between market
unobserved effects and treatment, and estimations are thus robust to the selection for treatment
based on additive time-invariant local factors affecting quality. Nevertheless, selection may rather

occur depending on local trends that can be heterogeneous across markets.

Factor models
We thus turn to a more general specification such that the effects of local factors depend on time in
a very general way. Indeed, specification (3) can be augmented with interactions between time fixed

effects and market fixed effects such that:

Yie = 6li=ylesgy + Zit B + v +u; + F/A; + &1 (4)
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where F; is a K X 1 vector of month fixed effects and 4; is a K X 1 vector of market fixed effects.
This specification contains not only market fixed effects u;, but also K series of interactive terms
involving market and month fixed effects which may be correlated with treatment. When rewriting
the model in first difference, it can be seen that the specification allows for time-specific effects of
several unspecified local factors on the evolution of fish quality. Specification (4) can be estimated
with least squares provided that some constraints are imposed on month and market fixed effects to

ensure identification (Bai, 2009).

Synthetic controls

We also apply the synthetic controls method by computing the treatment effect as the difference in
post-treatment quality between the treated market and a synthetic control market with similar
characteristics and pre-treatment quality. This synthetic market is constructed as a weighted average
of other markets that are used as control markets (Abadie and Gardeazabal, 2003; Abadie et al.,
2010). Weights are comprised in the unit interval and the treatment effect is thus estimated using an
interpolation of control markets. The synthetic control approach can be contrasted with factor
models which allow for extrapolation. In case of support issues, results obtained with synthetic
controls can differ from those obtained with factor models (see Gobillon and Magnac, 2016, for a
discussion).

More precisely, denote by Z; = (Yiq, ..., Yii—1, Xi1, .., Xj7)" the set of pre-treatment qualities,
measured by the proportions of high-quality fish at every date before treatment, and all the
realizations of explanatory variables at all dates. The synthetic controls method consists in solving

the following minimization program:
. N ! N
ming, 1, sost =1 (Zjmz 0 2 = Z0) W(Z)a 0; 25 = Z3) (5)

where W is a symmetric positive matrix. This program leads to the choice of weights w; that should
be attributed to control markets to obtain a synthetic control market which is similar to the treated
market in terms of pre-treatment quality and realizations of explanatory variables at all dates. The
matrix W is used to fix the respective influence of pre-treatment quality and realizations of
explanatory variables at all dates in determining the weights.”® Denoting the estimated weights by

@j, an estimator of the treatment effect is given by:

 In our application, the vector Z; contains 8 values for the pre-treatment quality and 144 values for the
proportions of our five main species and the “others” category at all dates. Hence, matrix W is of dimension
152 x 152. It is fixed such that the contributions of pre-treatment quality and composition by species are
respectively 80% and 20% when selecting weights. There proportions were chosen such that fish composition
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T Tott1 t(zl 2 0¥t Ylt) (6)
A test of nullity of the treatment effect at finite distance can be conducted with a Placebo
experiment in which each market is alternatively considered to be fictitiously the treated market
(although in reality no treatment is applied) and the treatment effect for that market is computed
using the synthetic control approach (see Abadie et al., 2010). This experiment provides a
distribution of the treatment effect and one can assess whether the estimate obtained for Les Sables

d’Olonne is in the upper right tail of this distribution.

5. Results
5.1. The effect of the innovation on quality for treated vessels
We now discuss the results of our discontinuity analysis used to quantify the effect of the innovation
on fish quality. We first focus on treated vessels only, and the effect is identified as the jump in the
proportion of high-quality fish for these vessels when the innovation is introduced. As shown in panel
A of Table 2, when only a cubic daily trend is introduced as a control, being equipped with the Danish
Seine increases the proportion of high-quality fish by 35.2 percentage points for treated vessels
(column 1). When additionally taking into account fish characteristics, the estimated effect remains
rather stable at 33.3 percentage points (column 2). When also introducing vessel fixed effects, the
estimated effect is slightly higher at 44.9 percentage points (column 3).

[ Insert Table 2]
We then resort to difference in differences at the discontinuity and conduct the estimations on a
subsample that includes both the treated and matched control vessels. The treatment effect is now
identified as the difference in jump in the proportions of high-quality fish between treated and
matched control vessels. As shown in panel B of Table 2, the estimated treatment effect is of the
same magnitude as when considering treated vessels only. It ranges from 42.9 percentage points
when considering a cubic daily trend only in the set of control terms (column 1) to 29.2 percentage
points when also including fish characteristics and vessel fixed effects (column 3). Interestingly, in
column 2 where we control for both the cubic daily trend and fish characteristics, the dummy for

being a treated vessel has an estimated effect which is small at -5.3 percentage points. Hence, the

has a sizable influence but it is still possible to approximate fish quality before treatment with that of the
synthetic control market. The chosen matrix W is diagonal with elements equal to .8/8=.1 for pre-treatment
quality values and .2/144=.0014 for values of composition variables. We will also apply the synthetic control
approach while omitting composition effects. In that case, matrix W is of dimensions 8 x 8 and it is fixed to be
the identity matrix.
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treated and matched control vessels would catch fish of rather similar quality in the absence of
treatment, once time and composition effects have been taken into account.
To assess the effect of the new technology in the longer run, we then estimate the treatment effect
over the whole period which spans from September 2009 to June 2011 using the same specifications.
Results reported in Table 3 show that, when considering the subsample of treated vessels only (panel
A), the estimated treatment effect is of the same order of magnitude as at the discontinuity and it is
stable across specifications. It amounts to 40.6 percentage points when all control terms are included
(column 3). As before, matched control vessels are then added to the sample and the treatment
effect is re-estimated (panel B). This time, it turns out to be smaller than when considering treated
vessels only, but it remains sizable and it amounts to 22.9 percentage points when all the control
terms are included in the specification (column 3). Possible explanations for the decrease in the
treatment effect two months after the introduction of the innovation are a decrease in fish stocks
close to the coast which forces treated vessels to go further to catch fish and/or a change in the
fishing behavior of matched control vessels that may fish closer to bring back fresher fish.

[ Insert Table 3 ]
As a robustness check, we change the control group by considering alternatively all the non-treated
vessels in Les Sables d’Olonne (panel C) and all the vessels in Vendée (panel D). We cannot impute a
treatment date for control vessels that are not matched with treated vessels in the same way we did
for matched ones. For those vessels, we choose to set that date to March 1, 2010 because the
treated vessels which are the first to use the Danish seine do so in early March. When all the vessels
in Les Sables d’Olonne are considered, the sample size more than triple but the estimated treatment
effect remains sizable and even larger than before. It reaches 33.4 percentage points when all the
control terms are included in the specification (column 3). Including all the vessels in Vendée makes
the sample more than six times larger than when considering only treated and matched control
vessels. Again, the estimated treatment effect remains stable and it reaches 35.3 percentage points
(column 3). For all the specifications that include a dummy for being a treated vessel, the estimated
coefficient of that dummy is positive or negative and sometimes significant, but always very small.
This means that the pre-treatment quality is similar for treated and matched control vessels.
We also ran regressions similar to those reported in Table 3 for each of the five main fish species and
the “others” category separately. Results obtained when including all the control terms (cubic daily
trend, fish characteristics and vessel fixed effects) in the specification are reported Table Al in
Appendix. They are consistent with descriptive statistics. When considering treated vessels only
(panel A), the innovation has no significant effect for cuttlefish and squid, a medium effect for red
mullet at 13.3 percentage points, a large effect for whiting at 43.5 percentage points, and very large

effects for mackerel and the “others” category at 56.6 and 53.3 percentage points, respectively.



18

When adding matched control vessels to the sample and using a difference-in-differences approach,
there are changes in the size of estimated treatment effects. These variations occur because we now
contrast treated vessels with matched control ones, and there are time changes in quality after
treatment for matched control vessels that can be due to spillovers from treated to matched control
vessels on top of the continuous daily time trend. In particular, the estimated treatment effects are
now around 40 percentage points for mackerel (42.4pp) and whiting (46.2pp), around 30 percentage
points for red mullet (30.5pp) and a bit lower for the “others” category (25.4pp). The estimated
effects for cuttlefish and squid are now significant but small, taking the values of -3.2 and +7.1
percentage points respectively. There are changes in the estimated treatment effects again when
including in the sample all the vessels in Les Sables d’Olonne (panel C) or all the vessels in Vendée
(panel D), but results remain qualitatively similar.

Overall, our results suggest that control vessels — in particular those matched with treated ones —
may have changed their fishing practice after the introduction of the innovation, for instance by

shortening their trips to bring back fresher fish.*

5.2. The effect of the innovation on prices for treated vessels

We now present our estimation results when evaluating the effect of the innovation on prices. Using
our discontinuity strategy, we first quantify the treatment effect as the jump in the price per
kilogram for treated vessels when the innovation is introduced, while controlling for vessel fixed
effects and a cubic daily trend, as well as fixed effects for the day of the week to take into account
daily variations in supply and demand during the week.

Results reported in Panel A of Table 4 show that the effect is large at 100*[exp(0.389)-1]=47.6
percentage points (column 1).™ Part of this effect is due to an increase in quality. When adding to
the specification the observed quality, measured with a dummy for the fish to be of high quality, the
estimated treatment effect on prices decreases by 23.4% to reach 38.3 percentage points (column 2).
This remaining effect can be explained to some extent by an increase in unobserved quality for
treated vessels since there are only three grades for quality and the high-quality category remains

broad.'® In particular, some high-quality fish lots sold by treated and non-treated vessels may differ

" In our regressions, we take into account time-invariant unobserved vessel characteristics through vessel fixed
effects, but not time variations in unobserved vessel characteristics that may occur because of changes in
fishing practices. As a consequence, differences in time variations between treated and control vessels are
captured by the treatment effect.

B Subsequent figures are computed using the same formula.

'® Since there are three grades for quality (high, average and poor), we also estimated an alternative
specification with two dummies for quality (high and average) as controls rather than only one dummy for the
high-quality grade. The estimated effect of the innovation remains close at 36.1 percentage points, instead of
38.3 percentage points. When considering alternatively interactive terms between the high-quality dummy and
species, we obtain an estimated effect of the innovation a bit smaller at 29.8 percentage points.
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in unobserved quality because treated vessels may bring back fresher fish as they fish closer to the
shore and make shorter trips than non-treated ones.'” Some dimensions of unobserved quality are
partly captured by the size of fish lots since more valuable fish are often sold in smaller lots. When
introducing in the specification the fish quantity involved in the transaction, the treatment effect on
the treated decreases again and reaches a value of 28.5 percentage points (column 3).*
[ Insert Table 4]

We can assess whether characteristics of the market can explain this effect. In particular, treated
vessels may sell to buyers which propensity to pay for very fine fish is larger than that of buyers
involved in transactions with non-treated vessels. When replacing vessel fixed effects with buyer-
seller fixed effects to control for specific matches between sellers and buyers (see Gobillon et al.,
2016, for details on this procedure), the treatment effect on the treated decreases to 24.7
percentage points (column 4). Other market characteristics include the local supply and demand that
we proxy respectively with total fish quantity and total number of buyers involved in transactions
during the day in Les Sables d’Olonne. When adding these two variables to the specification, the
treatment effect on the treated decreases to 22.9 percentage points (column 5). Moreover, the
market variables have the expected effect since the price per kilogram on the market decreases with
the total quantity of the day (ie. supply) but it increases with the total number of buyers of the day
(ie. demand).

The remaining treatment effect could be due to changes in unobserved local conditions after
treatment whether they concern fish quality or market structure, as these changes would be
captured by the dummy for fishing with Danish seine after the innovation is introduced. To take them
into account, we couple again our discontinuity analysis with a difference-in-differences approach
conducted on the subsample including both the treated and matched control vessels. Panel B of
Table 4 shows that the treatment effect on the treated when considering a cubic daily trend, fixed
effects for the day of the week and vessel fixed effects in the specification is only 23.2 percentage
points (column 1) compared to 47.6 in our discontinuity analysis involving only the treated vessels. In
the case of our full specification that also involves a dummy for high quality, fish quantity of the lot,

buyer-vessel match effects and market characteristics, the treatment effect on the treated in only

' This mechanism cannot be investigated since our dataset does not contain any information on the date and
time at which vessels leave the harbor when they go to fish. Considering the difference between two
successive transaction dates for a given vessel would lead to unreasonable approximations as vessels often
wait before going back to fish after they landed their catches (since the crew may need a rest, weather
conditions may be bad and fish markets are closed on Sunday).

B As expected, the fish quantity involved in the transaction has a negative estimated effect on prices, which
means that larger lots are sold for a lower price per kilogram.
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11.7 percentage points compared to 22.9 percentage points before (column 5).%° Hence, our results
suggest that local conditions would have changed significantly just after the innovation was
introduced.

We then replicate the same exercise over the whole September 2009 - June 2011 period using the
same specifications, and results are reported in Table 5. When considering the subsample of treated
vessels only (panel A), the estimated treatment effect is slightly larger than at the discontinuity. It
amounts to 53.6 percentage points when the daily time trend, fixed effects for the day of the week
and vessel fixed effects are introduced as controls (column 1), and it drops to 27.0 percentage points
for the full specification (column 5). When adding matched control vessels to the sample (panel B),
the treatment effect on the treated decreases to 30.9 percentage points for our first specification
(column 1) and to 16.0 percentage points for the full specification (column 5). Again, these are
slightly larger figures than at the discontinuity. An explanation is the progressive diffusion of
information over time on the quality of fish landed by seiners. This progressive improvement of the
reputation should attract new buyers looking for high-quality products (and presumably with a high
willingness-to-pay) on the fish market of Les Sables d’Olonne and increase the demand for fish sold
by treated vessels.

[ Insert Table 5]

5.3. The effect of the innovation on quality, quantity and prices for the treated market

We now turn to the evaluation of the overall effect of treatment on the market where the innovation
was introduced. Our goal is to assess whether there are externalities of the innovation on the non-
treated vessels as they may try to improve their fish quality to remain competitive.

We first estimate a standard panel specification of the proportion of high-quality fish in which
additive market and month fixed effects are included together with a treatment dummy, which is
defined as the interaction between a dummy for being the treated market (Les Sables d’Olonne) and
a dummy for being in the March 2010-June 2011 period. Panel A of Table 6 shows that, when fish
composition is not taken into account, the estimated effect of the innovation is significant and sizable
with a value of 16.1 percentage points (column 1). This effect can be explained by the evolution of
quality for treated vessels, their significant market share, incentives for other vessels to improve
their quality, as well as adjustments of local demand. As expected, it remains nonetheless lower than
the increase in the proportion of high-quality fish for treated vessels.

[ Insert Table 6]

® The estimated treatment effect is hardly affected when quality is rather taken into account with two
dummies for average and high-quality grades, as it reaches 11.4 percentage points.
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As the treated and control markets might be characterized by different trends in the evolution of
quality, we conduct robustness checks by estimating specifications that also include interactive terms
involving market and month fixed effects. The estimated treatment effect hardly changes since it
takes values between 15.3 and 16.1 percentage points, when varying the number of interactive
effects that are introduced from 1 to 3 (columns 2-4).%°
Heterogeneous time trends can also be taken into account with the synthetic control approach in
which the treated market is compared to a synthetic control market, constructed as a weighted
average of control markets such that pre-treatment quality is similar. As reported in Table A2 in
Appendix, the synthetic market mostly involves six control markets, the two largest contributions
being those of Loctudy (38.9%) and lle d’Oleron (25.7%). These two fish markets are not located far
from Les Sables d’Olonne but they are characterized by very different proportions of high-quality fish
(respectively 13.2% and 74.6%).
Figure 4 represents the evolution of the difference in quality between the treated and synthetic
control markets. It shows that the synthetic market reproduces very well the quality in the treated
market every month before treatment. There are variations in the estimated treatment effect over
time since it increases until December 2010 before fluctuating negatively or positively. However, we
obtain an average estimated treatment effect very close to other estimates at 16.0 percentage points
(column 5 of Table 6).

[ Insert Figure 4 ]
We also conduct a Placebo experiment in which every control market is successively considered
fictitiously as treated. We can then assess whether the estimated treatment effect obtained for the
treated market is larger than those for the control markets. As the quality before treatment does not
fit well for the synthetic control market obtained for some of the control markets, we only retain
control markets for which the Root Mean Square Percentage Error (RMSPE) for quality before
treatment is lower than five times that of the treated market.”* The evolution of the difference in
quality between each control market and its synthetic control market is represented in part A of
Figure A6 in Appendix. Overall, the estimated treatment effect is larger for the treated market than
for control markets, except during the transition period when treated vessels are successively

reintroduced in the vessel fleet with their new equipment.

2% Even if there are procedures to determine the right number of factors to be included in the specification (Bai
and Ng, 2002; Moon and Weidner, 2015), they would be fragile (Onatski et al., 2013). As a consequence, we
rather assessed the robustness of our results by varying the number of factors.

! The RMSPE is given by the formula t—% / E;i(yit —¥5)? where y;; is the observed quality for treated

market i at time t and y;} is the estimated quality for its synthetic control market (see Abadie et al., 2015, p.
502, footnote 16).



22

We then take into account composition effects with the proportions of the five species most fished
by treated vessels and the “others” category as additional controls. Panel B of Table 6 shows that the
estimated treatment effect obtained with standard panel and factor model approaches is hardly
affected. It is equal to 16.7 percentage points when estimating the difference-in-differences
specification (column 1) and it oscillates between 15.2 and 18.2 percentage points when estimating
factor models (columns 2-4). The synthetic control market now involves nine control markets which
are rather different from those obtained when not taking into account the composition of species
(see Table A2 in appendix). The estimated treatment effect obtained with the synthetic control
method is a bit smaller than other estimates, at 13.5 percentage points (column 5).?? The reason for
this discrepancy is that the quality slightly differs between the treated and synthetic control markets
during several months before treatment as shown by Figure 4. This occurs because it is not possible
to construct a synthetic control market that is similar to the treated market in the dimensions of both
pre-treatment quality and composition of species.

As before, we conduct a Placebo experiment and estimate the treatment effect for each control
market by contrasting its post-treatment quality with that of a synthetic market as represented in
part B of Figure A6 in Appendix. This time, we drop control markets for which the RMSPE for the
quality before treatment is larger than two times that of the treated market. Indeed, the RMSPE for
the treated market is now large due to the differences in quality before treatment between the
treated and synthetic control markets.?* Nevertheless, the results are similar to those obtained when
not taking into account the composition of species, since the estimated treatment effect is larger for
the treated market than for control markets after the transition period during which treated vessels
are reintroduced in the fleet with their new equipment.

Overall, our results suggest that the treatment effect on the quality of the treated market would be
comprised between 13.5 and 18.2 percentage points. This effect can be contrasted with the
treatment effect obtained under the assumption that there is no spillover from the treated vessels to
the non-treated ones. The treatment effect on treated vessels is 33.4 percentage points when
considering the non-treated vessels in Les Sables d’Olonne as controls. Provided that 16.5% of

transactions in the treated fish market involve treated vessels, this yields a treatment effect on the

2 Alternatively, we also experimented by considering, for composition variables, the proportions of the nine
main species in the volume sold in the treated fish market (along with a residual category). The estimated
treatment effect is very similar. It is 16.8 percentage points when estimating the difference-in-differences
specification, it ranges from 16.0 to 19.0 percentage points when estimating factors models, and it amounts to
12.6 percentage points when using the synthetic control method.

> When fish composition is not taken into account, the RMSPE is equal to 0.0047 for the treated market of Les
Sables d’Olonne. The maximal RMSPE allowed for the placebo analysis is thus 5*0.0047=0.0235. When taking
the fish composition into account, the RMSPE for les Sables d’Olonne is 0.0391 and we include in the placebo
analysis only fish markets whose RMSPE is at most 2*0.0391=0.0782.
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treated market if there was no spillover effect which is around 33.4*0.165=5.5 percentage points.
This effect is smaller than the one we estimated from our market data, which suggests that spillover
effects are significant.

Finally, we quantified the treatment effect on quantity and prices on the treated market.
Interestingly, Table A3 in Appendix shows that the innovation has no significant effect on quantity
and the magnitude of the estimated treatment effect is rather small whether or not fish composition
is taken into account.?® As six trawlers were withdrawn from the fleet, it means that other vessels
caught more fish consistently with the fleet adaptation plan of local authorities. Descriptive statistics
suggest that it is was mostly control vessels that increased their quantity, but it is not possible to
determine whether this occurred because they fished more intensively at their usual spots, they
caught additional fish at spots where withdrawn trawlers used to fish, or they caught additional fish
at new spots.

Table A4 in Appendix shows that the estimated treatment effect on prices is always non-significant
whether or not fish composition and quality grades are taken into account.”® A possible explanation
is that the increase in quality pushed prices upwards, but the increase in supply for several species
pushed prices downwards, and overall the net treatment effect is close to zero. It also suggests that
there was not a large increase in customers diverted from other markets, otherwise prices would

have gone up.

6. Conclusion

In this paper, we evaluated the effects of introducing an innovation on quality, quantity and prices
using a natural experiment that occurred on a French wholesale fish market. Some vessels could
adopt a new fishing gear thanks to subsidies of local authorities while others kept using the same
gear. We estimated the treatment effect on the treated vessels with a discontinuity approach
coupled with difference and differences using transaction data covering the September 2009 — June
2011 period during which the innovation was introduced.

We find that the innovation had a large effect on treated vessels just after its introduction, since it
increased their proportion of high-quality fish by 29.2 percentage points and their prices by 23.2
percentage points. The average effect over the whole post-treatment period was slightly smaller for

quality but slightly larger for prices. The use of the new technology also induced a shift in caught fish

* An exception is the estimated coefficient obtained with the synthetic control approach when fish
composition is not taken into account since the estimated coefficient is negative and not small (-0.118). But
differences in the results between the synthetic control and panel approaches can be explained by support
issues.

> While the estimated treatment effect has a negative sign when estimating linear models, it has a positive
sigh when conducting a synthetic control approach. This difference comes from the inability to construct a
synthetic market similar to the treated market with respect to prices before treatment.
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species and new targeted species were fished very intensively. We then evaluated the treatment
effect on the treated market with factor models and the synthetic control approach. We obtained an
average treatment effect on quality over the whole post-treatment period which is comprised
between 13.5 and 18.2 percentage points. It is larger than the counterfactual treatment effect
recovered under the assumption that there was no spillover of the treated vessels on the non-
treated ones, as the counterfactual value is 5.5 percentage points. This suggests market externalities
such that non-treated vessels adapt their fishing practices to remain competitive.

Our analysis is a first step to evaluate the effects of the innovation on production. Further work could
investigate whether the innovation increased the profit and well-being of fishermen, but additional
data on costs are needed for that purpose and they are not available. Our results also question the
sustainability of the new fishing gear since it is very intensive for some specific species. It would be
worth conducting a long-run analysis on the availability of maritime resources with a longer panel
when it is available. In any case, our results suggest that spreading the use of the Danish seine to all
vessels fishing around the same coasts could jeopardize the presence of some specific species.

The questions addressed in this paper are similar to those of interest in the literature on developing
countries that studies to what extent the introduction of new agricultural techniques, such as
fertilizers, affects the productivity of farmers. In our case, we have very precise data that make it
possible to assess the effect of an innovation in the context of a natural experiment. Whereas this
kind of analyses is still scarce, it is likely to become more widespread when better-quality data

become available.
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Figure 1. Calendar on fishing gears used by vessels equipped with Danish seine
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Figure 2. Discontinuity analysis: daily proportion of high-quality fish (window: four months)

Treated vessels

Matched control vessels

28

100 | ° 0 o0 = memme anay 100 4 ° °
° - 0% oo ®q 0 ° I P
° L4 e Pr ) | °
® e ol ° o I ® oo
[ 2N )
90 - ° ° ° ® | 90 | e® o o %
[ ]
° s | ° ° | o ® 0o 0
| e ° | ° °
° ° ° °
4 . [ ]
80 o | ° 80 o © | °
° | o o ° | ° o
[ ] o | o | [}
70 70+
o o ° | (Y ° ° | °
- o q _ I
€ o ! !
5 o [ 5 [
2z | 2z |
| | § |
£ 50 e Z
=4 2 I
£ —\'—.|. £
5 5
8 ° °© 5 |
S 40+ ® I g I
s ° | g |
o o
| |
1 ¢ : : : :
[ ]
o o o] ° | °
20 - | 20 - ) | ° ° o
[ ]
.. d o ° I [ )
| ° |
10| L] | 5 04 ° |
| ° | °
| L4 ° | o ®
0 ® e@ eeceeme @ o 0-| @e e ° 00"* eo o °
T T T T T T 1 T T T T T T T T T T T T 1 T T T T T T
60 50 -40 -30 20 -10 0 10 20 30 40 50 60 60 50 -40 -30 20 -10 O 10 20 30 40 50 60

< Days before innovation > < Days after innovation >

< Days before innovation > < Days after innovation >

Source: authors’ calculations, transaction data from Les Sables d’Olonne.
Note: each dot corresponds to the set of transactions of one vessel on a specific day. Data are smoothed using a kernel-

weighted local polynomial regression with a Gaussian kernel.



29

Figure 3. Proportion of high-quality fish and quantity: Les Sables d’Olonne versus other fish markets
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markets.
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Figure 4. Proportion of high-quality fish: Les Sables d’Olonne versus synthetic markets, without and with fish
composition
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Note: monthly proportion of high-quality fish from July 2009 to February 2010 are used as predictor variables for the
synthetic control estimator without fish composition. With fish composition, the predictor variables used for the synthetic
control estimator also include the proportions of the 5 most important species — mackerel, red mullet, whiting, squid,
cuttlefish —and the “others” category. Fish markets located on the Mediterranean Sea are excluded.



Table 1. Descriptive statistics for treated and matched control vessels
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Variables Treated vessels Matched control vessels Difference
Before After Difference Before After Difference in
differences
Panel A. Proportion of high-quality fish
Mackerel 0.284 0.974 0.691 0.399 0.815 0.416 0.275
Red mullet 0.503 0.785 0.282 0.356 0.461 0.105 0.177
Whiting 0.260 0.856 0.595 0.410 0.528 0.118 0.477
Squid 0.857 0.955 0.098 0.766 0.820 0.055 0.043
Cuttlefish 0.916 0.953 0.037 0.840 0.897 0.057 -0.020
Other species 0.248 0.779 0.531 0.299 0.514 0.215 0.316
All species 0.390 0.833 0.443 0.401 0.566 0.166 0.277
Panel B. Quantity in tons per day
Mackerel 0.060 1.920 1.860 0.046 0.916 0.870 0.990
Red mullet 0.126 1.498 1.372 0.096 0.105 0.009 1.363
Whiting 0.100 1.252 1.152 0.101 0.311 0.210 0.942
Squid 0.586 0.894 0.308 0.435 0.577 0.142 0.166
Cuttlefish 1.143 0.572 -0.571 0.752 0.950 0.198 -0.769
Other species 5.769 2.394 -3.375 2.934 6.368 3.434 -6.809
All species 7.786 8.531 0.745 4.366 9.228 4.862 -4.117
Panel C. Proportion of fish species
Mackerel 0.008 0.225 0.217 0.011 0.099 0.088 0.129
Red mullet 0.016 0.176 0.160 0.022 0.011 -0.011 0.171
Whiting 0.013 0.147 0.134 0.023 0.034 0.011 0.123
Squid 0.075 0.105 0.030 0.100 0.062 -0.038 0.068
Cuttlefish 0.147 0.067 -0.080 0.172 0.103 -0.069 -0.011
Other species 0.741 0.281 -0.460 0.672 0.690 0.018 -0.478
All species 1.000 1.000 1.000 1.000
Panel D. Price
Mackerel 0.596 1.280 0.683 1.004 0.972 -0.032 0.716
Red mullet 6.675 8.079 1.405 6.373 6.450 0.077 1.327
Whiting 1.623 1.931 0.308 1.745 1.341 -0.404 0.712
Squid 4.023 6.738 2.715 4.136 4.823 0.687 2.027
Cuttlefish 3.157 3.975 0.818 2.920 3.442 0.522 0.296
Other species 6.238 5.755 -0.483 5.272 5.217 -0.055 -0.427
All species 5.534 5.227 -0.307 4.823 4.762 -0.061 -0.246
Panel E. Number of transactions
Mackerel 67 4260 4193 138 2089 1951 2242
Red mullet 304 10819 10515 519 1091 572 9943
Whiting 196 8274 8078 478 2120 1642 6436
Squid 652 4003 3351 1293 2542 1249 2102
Cuttlefish 937 2515 1578 1410 3018 1608 -30
Other species 5635 19583 13948 10604 37734 27130 -13182
All species 7791 49454 41663 14442 48594 34152 7511

Source: authors’ calculations, transaction data for Les Sables d’Olonne.

Note: the sample includes all transactions of treated and control vessels observed between September 2009 and June 2011.



Table 2. Estimates for the probability for fish involved in a transaction to be of high quality,
discontinuity analysis (transaction data — windows: four months)
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Variables

(1)

(2)

(3)

Panel A. Transactions of treated vessels in Les Sables d’Olonne

After innovation

Cubic daily trend
Fish characteristics
Vessel fixed effects

Number of observations

RZ

Panel B. Transactions of treated and matched control vessels in Les Sables d’Olonne
Treated vessels x After innovation

Treated vessels
After innovation
Cubic daily trend

Fish characteristics
Vessel fixed effects

Number of observations

RZ

0.352%**
(0.023)
YES

NO

NO
10,124
0.155

0.429%**
(0.014)
-0.058%**
(0.012)
-0.238%**
(0.020)
YES

NO

NO
19,715
0.122

0.333***
(0.021)
YES

YES

NO
10,124
0.513

0.356%**
(0.014)
-0.053%**
(0.010)
-0.099%**
(0.017)
YES

YES

NO
19,715
0.377

0.449%**
(0.018)
YES

YES

YES
10,124
0.554

0.292%**
(0.013)

0.049%**
(0.017)
YES

YES

YES
19,715
0.454

Source: authors’ calculations, transaction data for Les Sables d’Olonne.

Note: (1) and (2) are estimates from linear probability models with robust Hubert-White standard errors and (3) are
estimates from fixed effects linear probability models. Significance levels are respectively 1% (***), 5% (**) and 10% (*).
Fish characteristics include fish species, size and presentation.
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Table 3. Estimates for the probability for fished involved in a transaction to be of high quality (transaction data)

Variables

(1)

(2)

(3)

Panel A. Transactions of treated vessels in Les Sables d’Olonne

After innovation

Cubic daily trend

Fish characteristics
Vessel fixed effects
Number of observations
RZ

Panel B. Transactions of treated and matched control vessels in Les Sables d’Olonne

Treated vessels x After innovation
Treated vessels
After innovation

Cubic daily trend

Fish characteristics
Vessel fixed effects
Number of observations
RZ

Panel C. All transactions in Les Sables d’Olonne

Treated vessels x After innovation
Treated vessels
After innovation

Cubic daily trend

Fish characteristics

Vessel fixed effects

Number of observations

RZ

Panel D. All transactions in Vendée
Treated vessels x After innovation

Treated vessels
After innovation

Cubic daily trend

Fish market fixed effects
Fish characteristics
Vessel fixed effects
Number of observations
RZ

0.298***
(0.010)
YES

NO

NO
57,245
0.205

0.319%**
(0.007)
-0.045%**
(0.007)
-0.008
(0.008)
YES

NO

NO
120,281
0.136

0.295%**
(0.006)
-0.014**
(0.006)
0.162%**
(0.004)
YES

NO

NO
399,844
0.061

0.344%**
(0.006)
-0.047***
(0.006)
0.170%**
(0.003)
YES

YES

NO

NO
797,096
0.230

0.416%**
(0.010)
YES

YES

NO
57,245
0.328

0.258***
(0.007)
-0.023%**
(0.006)
0.054%**
(0.008)
YES

YES

NO
120,281
0.267

0.251%**
(0.005)
0.011**
(0.005)
0.118***
(0.003)
YES

YES

NO
399,844
0.351

0.329%**
(0.005)
-0.009*
(0.005)
0.099%***
(0.002)
YES

YES

YES

NO
797,096
0.479

0.406%**
(0.009)
YES

YES

YES
57,245
0.357

0.229%**
(0.007)

0.059%**
(0.007)
YES

YES

YES
120,281
0.307

0.334%%*
(0.004)

-0.014%**
(0.003)
YES

YES

YES
399,844
0.584

0.353%**
(0.004)

0.015%**
(0.002)
YES

YES

YES

YES
797,096
0.242

Source: authors’ calculations, transaction data for Vendée.

Note: (1) and (2) are estimates from linear probability models with robust Hubert-White standard errors and (3) are
estimates from fixed effects linear probability models. Significance levels are respectively 1% (***), 5% (**) and 10% (*).
Fish characteristics include fish species, size and presentation.
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Table 4. Estimates for the log price of a transaction, discontinuity analysis (transaction data — windows: four months)

Variables (1) (2) (3) (4) (5)
Panel A. Transactions of treated vessels in Les Sables d’Olonne
After innovation 0.389%** 0.324%** 0.251%** 0.221%** 0.206%**
(0.022) (0.023) (0.022) (0.022) (0.022)
High-quality fish 0.150%** 0.141%** 0.117%*** 0.120%**
(0.012) (0.012) (0.012) (0.012)
Quantity of the transaction (log) -0.146*** -0.124%** -0.123***
(0.006) (0.006) (0.006)
Total quantity of the day (log) -0.029**
(0.011)
Total number of buyers of the day (log) 0.020
(0.014)
Cubic daily trend + day of week YES YES YES YES YES
Fish species + size + presentation YES YES YES YES YES
Vessel fixed effects YES YES YES NO NO
Buyer-vessel matched fixed effects NO NO NO YES YES
Number of observations 10,124 10,124 10,124 10,124 10,124
R? 0.814 0.817 0.828 0.858 0.858
Panel B. Transactions of treated and matched control vessels in Les Sables d’Olonne
Treated vessels x After innovation 0.209%** 0.183%** 0.150%** 0.131%** 0.111%**
(0.015) (0.015) (0.014) (0.015) (0.015)
After innovation 0.091%** 0.086*** 0.090*** 0.079*** 0.066***
(0.019) (0.019) (0.019) (0.018) (0.019)
High-quality fish 0.096%** 0.089%** 0.058*** 0.068%***
(0.008) (0.008) (0.008) (0.008)
Quantity of the transaction (log) -0.136%** -0.124*** -0.121%**
(0.004) (0.004) (0.004)
Total quantity of the day (log) -0.080***
(0.009)
Total number of buyers of the day (log) 0.036***
(0.011)
Cubic daily trend + day of week YES YES YES YES YES
Fish species + size + presentation YES YES YES YES YES
Vessel fixed effects YES YES YES NO NO
Buyer-vessel match fixed effects NO NO NO YES YES
Number of observations 19,715 19,715 19,715 19,715 19,715
R2 0.789 0.791 0.801 0.837 0.838

Source: authors’ calculations, RIC data.
Note: estimates from fixed effects linear probability models. Significance levels are respectively 1% (***), 5% (**) and 10%

(*).
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Table 5. Estimates for the log price of a transaction (transaction data)

Variables (1) (2) (3) (4) (5)
Panel A. Transactions of treated vessels in Les Sables d’Olonne
After innovation 0.429%** 0.385%** 0.298%** 0.284*** 0.239%**
(0.011) (0.011) (0.011) (0.011) (0.011)
High-quality fish 0.121%** 0.118%** 0.090*** 0.101%**
(0.005) (0.005) (0.005) (0.005)
Quantity of the transaction (log) -0.159*** -0.144*** -0.131***
(0.003) (0.003) (0.003)
Total quantity of the day (log) -0.181***
(0.005)
Total number of buyers of the day (log) 0.310%**
(0.017)
Cubic daily trend + day of week YES YES YES YES YES
Fish species + size + presentation YES YES YES YES YES
Vessel fixed effect YES YES YES NO NO
Buyer-vessel matched fixed effect NO NO NO YES YES
Number of observations 57,245 57,245 57,245 57,245 57,245
R? 0.785 0.787 0.800 0.822 0.827
Panel B. Transactions of treated and matched control vessels in Les Sables d’Olonne
Treated vessels x After innovation 0.269%** 0.247%** 0.224%** 0.190%*** 0.148%**
(0.008) (0.008) (0.008) (0.008) (0.008)
After innovation 0.133%** 0.128%*** 0.105*** 0.113%*** 0.084%***
(0.008) (0.008) (0.008) (0.008) (0.008)
High-quality fish 0.099%** 0.099%** 0.074%** 0.080%***
(0.003) (0.003) (0.003) (0.003)
Quantity of the transaction (log) -0.146%** -0.139*** -0.130%***
(0.002) (0.002) (0.002)
Total quantity of the day (log) -0.176***
(0.003)
Total number of buyers of the day (log) 0.240%**
(0.012)
Cubic daily trend + day of week YES YES YES YES YES
Fish species + size + presentation YES YES YES YES YES
Vessel fixed effect YES YES YES NO NO
Buyer-vessel match fixed effect NO NO NO YES YES
Number of observations 120,281 120,281 120,281 120,281 120,281
R? 0.765 0.766 0.779 0.803 0.808

Source: authors’ calculations, RIC data.
Note: estimates from fixed effects linear probability models. Significance levels are respectively 1% (***), 5% (**) and 10%

(*).



Table 6. Estimates for the proportion of high-quality fish (aggregate market data)

36

Variables (1) DID FE (2) Additive and (3) Synthetic
interactive FE control
1 factor 2 factors 3 factors
Panel A. Without fish composition
Les Sables d’Olonne x (March 2010-June 2011) 0.161%** 0.157%** 0.161%*** 0.153%** 0.160
(0.065) (0.034) (0.030) (0.026)
Proportions of fish species NO NO NO NO
Month fixed effects YES YES YES YES
Fish market fixed effects YES YES YES YES
Number of observations 744 744 744 744 744
R? 0.826
Panel B. With fish composition
Les Sables d’Olonne x (March 2010- June 2011) 0.167*** 0.152%** 0.182*** 0.168*** 0.135
(0.057) (0.034) (0.029) (0.027)
Proportions of fish species YES YES YES YES
Month fixed effects YES YES YES YES
Fish market fixed effects YES YES YES YES
Number of observations 744 744 744 744 744
R? 0.871

Source: authors’ calculations, RIC data.

Note: DID stands for difference-in-differences, FE for fixed effects. Significance levels are respectively 1% (***), 5% (**) and
10% (*). In panel A, monthly proportions of high-quality fish from July 2009 to February 2010 are used to determine the
synthetic market. In panel B, variables used to determine the synthetic market also include the monthly proportion of the 5
most important species — cuttlefish, squid, red mullet, mackerel, whiting — and the “others” category for all months. Fish

markets located on the Mediterranean Sea are excluded.



Appendix

Figure Al. Discontinuity analysis: daily proportion of high-quality fish for treated and matched control vessels,
by fish species (window: four months)
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Squid - treated vessels

Squid - matched control vessels
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Source: authors’ calculations, transaction data.
Note: each dot corresponds to the proportion of high-quality fish for the set of transactions of one vessel on a specific day.
Data are smoothed using a kernel-weighted local polynomial regression with a Gaussian kernel.
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Figure A2. Discontinuity analysis: daily fish price per kilogram (window: four months)
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Source: authors’ calculations, transaction data from Les Sables d’Olonne.
Note: each dot corresponds to the average price per kilogram for the set of transactions of one vessel on a specific day.
Data are smoothed using a kernel-weighted local polynomial regression with a Gaussian kernel.
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Figure A3. Discontinuity analysis: daily fish price per kilogram, by fish species (window: four months)
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Squid - matched control vessels
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Source: authors’ calculations, transaction data.
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Note: each dot corresponds to the average price per kilogram for the set of transactions of one vessel on a specific day.
Data are smoothed using a kernel-weighted local polynomial regression with a Gaussian kernel.
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Figure A4. Monthly quantity in Les Sables d’Olonne, by group of vessels
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Figure A5. Average prices per kilogram: Les Sables d’Olonne versus other fish markets
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Source: authors’ calculations, RIC data.

Note: fish markets located on the Mediterranean Sea are excluded.
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Figure A6. Proportion of high-quality fish: Les Sables d’Olonne versus synthetic hall market, placebo analysis
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Note: when not taking into account fish composition, monthly proportions of high-quality fish from July 2009 to February
2010 are used to determine the synthetic market. When taking into account fish composition, variables used to determine
the synthetic market also include the monthly proportions of the 5 most important species — cuttlefish, squid, red mullet,
mackerel, whiting — and the “others” category for all months. Markets whose Root Mean Square Percentage Error is more
than five times (respectively two times) higher than that of Les Sables d’Olonne are excluded when not taking (resp. when

taking) fish composition into account.



Table Al. Estimates for the probability for fish involved in a transaction to be of high quality (transaction data)
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Variables (1) (2) (3) (4) (5) (6)
Mackerel Red mullet  Whiting Squid Cuttlefish Others
Panel A. Transactions of treated vessels in Les Sables d’Olonne
After innovation 0.566*** 0.133%** 0.435%** -0.012 -0.003 0.533%**
(0.030) (0.041) (0.041) (0.022) (0.023) (0.012)
Cubic daily trend YES YES YES YES YES YES
Fish characteristics YES YES YES YES YES YES
Vessel fixed effects YES YES YES YES YES YES
Number of observations 4,327 11,123 8,470 4,655 3,452 25,218
R? 0.226 0.212 0.205 0.114 0.044 0.435
Panel B. Transactions of treated and matched control vessels in Les Sables d’Olonne
Treated vessels x After innovation 0.424*** 0.305%** 0.462%** 0.071%*** -0.032* 0.254%**
(0.045) (0.034) (0.033) (0.018) (0.017) (0.009)
After innovation 0.005 -0.083** -0.118***  -0.057** 0.043** 0.094%**
(0.042) (0.038) (0.033) (0.022) (0.018) (0.009)
Cubic daily trend YES YES YES YES YES YES
Fish characteristics YES YES YES YES YES YES
Vessel fixed effects YES YES YES YES YES YES
Number of observations 6,554 12,733 11,068 8,490 7,880 73,556
R? 0.218 0.235 0.266 0.145 0.103 0.284
Panel C. All transactions in Les Sables d’Olonne
Treated vessels x After innovation 0.652*** 0.214%** 0.458*** 0.067*** -0.036*** 0.389%***
(0.042) (0.028) (0.026) (0.014) (0.013) (0.005)
After innovation -0.196*** 0.043* -0.040*** -0.008 0.025*** -0.016***
(0.026) (0.023) (0.013) (0.012) (0.009) (0.003)
Cubic daily trend YES YES YES YES YES YES
Fish characteristics YES YES YES YES YES YES
Vessel fixed effects YES YES YES YES YES YES
Number of observations 12,444 18,281 22,213 19,892 25,242 301,772
R? 0.325 0.253 0.522 0.139 0.342 0.599
Panel D. All transactions in Vendée
Treated vessels x After innovation 0.691%** 0.248%** 0.527%** 0.081*** -0.014 0.422%**
(0.028) (0.023) (0.021) (0.011) (0.012) (0.005)
After innovation -0.126%** 0.074%** -0.014* -0.004 -0.035%** 0.010%**
(0.013) (0.016) (0.008) (0.009) (0.008) (0.002)
Cubic daily trend YES YES YES YES YES YES
Fish market fixed effects YES YES YES YES YES YES
Fish characteristics YES YES YES YES YES YES
Vessel fixed effects YES YES YES YES YES YES
Number of observations 27,392 30,559 38,110 28,776 32,135 640,124
R? 0.821 0.346 0.690 0.713 0.460 0.657

Source: authors’ calculations, transaction data from Vendée.

Note: estimates from fixed effects linear probability models. Significance levels are respectively 1% (***), 5% (**) and 10%

(*). Fish characteristics include fish species (only in column 6), size and presentation.
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Table A2. Characterization of the synthetic fish market of Les Sables d’Olonne

Code Fish markets Proportion of Total quantity Distance from Weight in the synthetic control
fish of extra (log) Les Sables Without composition  With composition of
quality d’Olonne (in kms) of fish species fish species

AC Arcachon 0.047 15.160 209.9 0.000 0.000

AD Audierne 0.918 14.413 268.9 0.000 0.000

BL Boulogne 0.041 17.994 532.7 0.000 0.127

BT Brest 0.434 14.971 293.0 0.000 0.000

CcC Concarneau 0.554 16.464 222.9 0.000 0.000

CH Cherbourg 0.284 16.214 349.7 0.000 0.043

CR Le Croisic 0.965 14.976 104.8 0.000 0.031

DK Dunkerque 0.969 14.400 590.4 0.000 0.000

DP Dieppe 0.396 15.623 436.1 0.000 0.000

Dz Douarnenez 0.989 16.355 262.1 0.000 0.000

EQ Erquy 0.361 16.854 242.7 0.000 0.000

GD Grandcamp 0.670 15.036 326.3 0.001 0.000

GL Saint-Gilles Croix-de-Vie 0.308 15.879 24.7 0.051 0.117

GR Granville 0.778 16.921 261.0 0.000 0.000

GV Le Guilvinec 0.065 17.297 238.5 0.000 0.000

10 lle d’Oléron 0.746 16.164 71.4 0.257 0.246

LC Loctudy 0.132 15.651 233.9 0.389 0.000

LO Lorient 0.148 17.390 183.6 0.000 0.000

LR La Rochelle 0.154 15.230 61.3 0.000 0.247

NO Noirmoutier 0.966 15.061 66.9 0.000 0.000

PO Port en Bessin 1.000 14.444 326.2 0.000 0.000

QB Quiberon 0.996 14.622 149.2 0.000 0.000

RO Roscoff 0.241 16.379 297.9 0.111 0.000

RY Royan 0.518 14.273 112.8 0.075 0.000

SG Saint-Guénolé 0.545 17.085 242.5 0.000 0.000

SJ Saint-Jean de Luz 0.330 15.762 345.5 0.108 0.068

SM Saint-Malo 0.582 14.864 238.4 0.000 0.000

sQ Saint-Quay Portrieux 0.623 16.841 252.4 0.000 0.000

B La Turballe 0.651 16.231 109.8 0.000 0.028

YE lle d’Yeu 0.415 14.632 48.0 0.009 0.093

LS Les Sables d’Olonne 0.471 16.177

Source: authors’ calculations, RIC data.

Note: when fish composition is ignored, monthly proportions of high-quality fish and monthly fish quantity from July 2009
to February 2010 are used to determine the synthetic control estimator. When fish composition is taken into account, the
variables used to determine the synthetic control estimator also include the monthly proportions of the 5 most important
species — cuttlefish, squid, red mullet, mackerel, whiting — and the “others” category for all months.



Table A3. Estimates for the logarithm of monthly quantity (aggregate market data)
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Variables (1) DID FE (2) Additive and (3) Synthetic
interactive FE control
1 factor 2 factors 3 factors
Panel A. Without fish composition
Les Sables d’Olonne x (March 2010-June 2011) -0.002 0.002 0.011 -0.014 -0.118
(0.197) (0.130) (0.107) (0.094)
Proportions of fish species NO NO NO NO
Month fixed effects YES YES YES YES
Fish market fixed effects YES YES YES YES
Number of observations 744 744 744 744 744
R? 0.851
Panel B. With fish composition
Les Sables d’Olonne x (March 2010- June 2011) 0.104 0.036 0.046 0.022 0.097
(0.191) (0.129) (0.107) (0.097)
Proportions of fish species YES YES YES YES
Month fixed effects YES YES YES YES
Fish market fixed effects YES YES YES YES
Number of observations 744 744 744 744 744
R? 0.855

Source: authors’ calculations, RIC data.

Note: DID stands for difference-in-differences, FE for fixed effects. Significance levels are respectively 1% (***), 5% (**) and
10% (*). In panel A, monthly logarithms of total quantities from July 2009 to February 2010 are used to determine the
synthetic market. In panel B, variables used to determine the synthetic market also include the monthly proportions of the
5 most important species — cuttlefish, squid, red mullet, mackerel, whiting — and the “others” category for all months. Fish

markets located on the Mediterranean Sea are excluded.



Table A4. Estimates for the logarithm of price (aggregate market data)
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Variables (1) DID FE (2) Additive and (3) Synthetic
interactive FE control
1 factor 2 factors 3 factors

Panel A. Without fish composition and quality

Les Sables d’Olonne x (March 2010-June 2011) -0.016 -0.124 -0.076 -0.106 0.008
(0.095) (0.091) (0.100) (0.110)

Log of quantity YES YES YES YES

Proportions of fish species NO NO NO NO

Proportion of high-quality fish NO NO NO NO

Month fixed effects YES YES YES YES

Fish market fixed effects YES YES YES YES

Number of observations 744 744 744 744 744

R? 0.826

Panel B. With fish composition, without quality

Les Sables d’Olonne x (March 2010- June 2011) -0.011 -0.037 -0.032 -0.093 0.084
(0.094) (0.085) (0.083) (0.104)

Proportions of fish species YES YES YES YES

Proportion of high-quality fish NO NO NO NO

Month fixed effects YES YES YES YES

Fish market fixed effects YES YES YES YES

Number of observations 744 744 744 744 744

R? 0.881

Panel C. With fish composition and quality

Les Sables d’Olonne x (March 2010- June 2011) -0.006 0.003 -0.037 -0.088 0.058
(0.094) (0.086) (0.084) (0.104)

Proportions of fish species YES YES YES YES

Proportion of high-quality fish YES YES YES YES

Month fixed effects YES YES YES YES

Fish market fixed effects YES YES YES YES

Number of observations 744 744 744 744 744

R? 0.881

Source: authors’ calculations, RIC data.

Note: DID stands for difference-in-differences, FE for fixed effects. Significance levels are respectively 1% (***), 5% (**) and
10% (*). In panel A, prices from July 2009 to February 2010 and quantities over all the period are used to determine the
synthetic market. In panel B, variables used to determine the synthetic market also include the proportions of the 5 most
important species — mackerel, red mullet, whiting, squid, cuttlefish — and the “others” category for all months. In panel C,
they also include the proportion of high-quality fish for all months. Fish markets located on the Mediterranean Sea are

excluded.



