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Data description

Administrative records of trawling vessels in Zhejiang

Our study focuses on the dynamics of a fleet of trawling vessels in China’s Zhejiang Province,

which is the largest fishing fleet in the East China Sea and is managed by the most important

coastal province for the marine fisheries of China. Trawling is the dominant form of fishing

method in the offshore fisheries of China and Zhejiang, contributing to one-half of the marine

harvest by weight for China and two-thirds for Zhejiang. By 2011, Zhejiang residents owned

8,459 trawl gear vessels, accounting for one-third of the total fishing power in all of China’s

trawl fisheries. Under the Communist Party of China’s (CPC) “negative growth” strategy,

fishery managers have devoted special administrative efforts to restrict the use of trawlers

due to their high fishing intensity, low selectivity, and extensive damage to sea-floor habitats.

Since 2007, the fishery department of Zhejiang has limited entry to the trawling fishery by

restricting the conversion of other gears into trawling vessels [20].
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Our vessel-level information primarily comes from the records of the Marine Fishing

Vessel Dynamic Management System (MFVDMS) provided by the Zhejiang government.

Established by the Ministry of Agriculture (MOA) and accessible to fishery departments

in 2011, this administrative platform of fleet capacity is comprised of five modules: power

quota, vessel name, vessel inspection, vessel registration, and fishing license, corresponding

to each section of the vessel management activities [15]. Each module is responsible for

documenting the acquisition and cancellation of respective certificates for all fishing vessels

in the so-called “double control” system. The five modules together are integrated into a

relational database to monitor vessels’ lifetime dynamics from construction to scrappage.

This national administrative database contains the most comprehensive and authoritative

vessel-level information with respect to the fishing fleet dynamics of China.

Our raw datasets from MFVDMS are archived information of certificates issued by the

fishery departments to fishing vessels in Zhejiang province. The archives cover management

activities within each module over the fleet until early 2021. All datasets provide “vessel

ID”, a 16-digit code uniquely assigned to each vessel by the fishery departments, to link

vessels across datasets.

Subsidy payments

We collected policy documents for the fuel subsidy and buyback program published by the

fishery departments in Zhejiang Province from 2006 to 2019 to calculate the eligible annual

subsidy payments for each trawler in our dataset [14]. Moreover, as required by the MOA,

each subsidy payment should be directly deposited to fishers’ bank accounts and announced

to the public by the local government for transparency. Therefore, we also collected the

vessel-level subsidy payment records of major coastal counties from announcements on gov-

ernment websites and digitized newspapers to validate the implementation details of the

fishery subsidy standards for the corresponding periods.
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Catch-per-unit-effort, diesel prices, and engine power quota prices

We collected aggregated statistics on fishing capacity and harvests from the Fishery Yearbook

of China for the years 2003 to 2020 to compute the CPUE of the trawling fishery in Zhejiang.

We also collected the ex-factory diesel prices from the announcements of China’s Ministry

of Commerce. Lastly, we collected and cross-checked the observed market prices of engine

power quota in Zhejiang province from published papers, surveys, and news reports.

Data preprocessing

We begin the compilation of the main dataset for our analysis by finding all vessels whose

main gears are registered as “trawl” in the latest records of fishing license and vessel scrap-

page certificates from the power quota and fishing license modules. We then match those

vessels with the records of vessel registration and inspection certificates for characteristics

including construction time, principle dimensions, vessel material, and fishing operation. At

the end of this step, we are left with a dataset of 10,519 trawlers identified with unique vessel

IDs.

To extract the information on vessel exiting, we combine the records of the scrappage

and deregistration certificates to screen out all fishing vessels that applied for scrappage.

We then match the dataset for trawlers with the dataset for scrapped vessels to identify the

scrappage status and buyback choice for each trawler in the fleet. The scrappage time in the

resultant dataset ranges from 2009 to 2020.

Our empirical study focuses on steel-hulled motor-powered trawlers with lengths greater

or equal to 24 meters, which are officially large vessels under China’s taxonomy of fishing

vessels and the main force of the off-shore fisheries. This sample selection procedure screens

out trawlers at the left tail of the capacity distribution and leaves us with a dataset of 9,183

trawlers for further analysis.

To study the impact of the subsidy reform on scrappage activities in the fleet, we select

all trawlers recorded to exist in 2011 but not subject to compulsory scrappage in our main

dataset. We reshape it into an unbalanced panel to track the exiting activities of the 7,685

vessels in the 2011 cohort between 2012 and 2019. The outcome variables in the panel are

3



binary failure indicators of exiting decisions and the treatment variable is the eligible annual

fuel subsidy payments defined for surviving vessels in each year.

Data verification

Under the monitoring of the fishery administration, each fishing vessel must have their license

and registration certificates renewed within at most 5 years. Each vessel to be removed from

the fleet must apply for proof of vessel scrappage and for the cancellation of its current

vessel registration and fishing license. Therefore, our dataset should capture all the vessels

in the trawling fleet of Zhejiang from 2011, except for those who had switched to different

gear types before 2015. We compare the fleet dynamics recovered from our dataset with the

aggregated statistics from Fishery Yearbooks to verify the sample representativeness (Table

1).

Empirical strategy

Difference in difference (DD)

To measure the elasticity of exiting choices to subsidy payment for the whole fleet, our

baseline model is a DD design with a continuous treatment that relates the exiting decision

yit to annual fuel subsidy payment sit:

yit = β∆base
i IPost

t + λait + ci + γt + νtXi + uit,

where IPost
t = 1{year ≥ 2016} indicates the post-reform period. ∆base

i is defined as the

reduction in the average annual fuel subsidy post-reform comparing to that pre-reform for

vessel i:

∆base
i = log

(
s̄prei

s̄posti

)
= log

(
Avgt<2016sit
Avgt≥2016sit

)
.

Our coefficient of interest β then captures the differential trend breaks in post-reform exiting

probability in response to the variation in reform exposure. This linear transition probability
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model is a linear approximation of the discrete-time conditional hazard function of vessel

exit, where age fixed effects λat capture the baseline hazard at the age ait. In the baseline

estimation, we control vessel and year fixed effects, which are ci and γt respectively.

The vessel features influencing the subsidy assignment can intrinsically correlate with the

tendency to exit, as well as the impacts of unobserved time-varying covariates, including fuel

prices, sea conditions, and fishery stocks. To purge out omitted variable bias associated with

vessel features, we further introduce interactive fixed effects νtXi to capture feature-specific

common trends. νt are factor loadings and Xi is a vector of vessel characteristics allowed

to influence the scrappage decision differently across years, including engine power, vessel

length, total tonnage, and fishing operation. After the absorption of νtXi, the exogenous

variation left for identification primarily comes from the discontinuities in the post-reform

subsidy assignments generated by the multiple vessel-length thresholds.

The exogenous variation in the fuel subsidy payments brought by the 2016 reform is

our main source of identification. The steady and determined reduction in fuel subsidy

payments starting in 2016 is an exogenous income shock to all the trawlers in the fleet, while

the intensity of this shock varies (Figure 1). Before the subsidy reform of 2016, each trawler’s

eligible fuel subsidy per power only varies annually with diesel prices, while after 2016 the

baseline subsidy standard is a predetermined variable by the vessel length, engine power,

and gear type registered pre-reform. More specifically, with the subsidy standard redesigned

by the reform based on vessel classes, subsidy payments are reduced more for trawlers just

below the eligibility thresholds. The discontinuities in subsidy payments resulting from

the arbitrarily placed length thresholds, together with the variation of vessel length over

horsepower, serve as our cross-sectional variation for identification.

In the DD strategy, the imposition of the vessel-length thresholds in 2016 can be taken as

an arbitrary assignment of subsidy reduction rates to all vessels. The post-reform baseline

subsidy reduction rate ∆base
i thus indicates vessels’ dose of treatment exposure to the reform:

the higher ∆base
i assigned by the new subsidy rule, the larger the income shock received by

the fisher. Moreover, fishers in this quasi-experiment did not foresee how the reform would

reshuffle their subsidy payments before the reform implementation. The annual subsidy

standards for all the post-reform periods were published all at once at the advent of the
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reform so that the exact value of ∆base
i could not be anticipated by a forward-looking fisher.

The parameter β thus captures the variation in yit related to the persistent reductions

in sit brought by the reform, which are fishers’ long-term adjustments of exit decisions in

response to a persistent change in the baseline subsidy payment. Our interpretation for β is:

a 1% reduction in the baseline fuel subsidy payment caused by the reform will on average

increase the annual exit probability by β percentage-points over the post-reform period.

The causal interpretation of β as the average treatment effect in the DD model is built

on the parallel trend assumption; hence, we explicitly test this assumption using an event

study specification:

yit =
2019∑

j=2012

βj∆
base
i Ijt + λait + ci + γt + νtXi + uit.

If the assignment of treatment exposure is sufficiently quasi-random, we should observe that

the trends in exit probability across vessels with different treatment exposure only diverge

after the reform shock but never before.

Regression discontinuity difference-in-differences (RD-DD)

Complementing the baseline continuous-treatment DD design, the primary merit of the RD-

DD is its transparency. The RD design clearly defines the comparison groups and relies on

the local continuity of potential outcomes at the vessel-length threshold for identification,

where we can provide clear evidence to verify our identification assumption.

To estimate the treatment effect of subsidy payment on exit decisions, an ideal experiment

would randomly assign vessels in a fleet to high-subsidy and low-subsidy groups and then

compare the exit hazard between these two groups. The cross-sectional variation in the fuel

subsidy level around the vessel-length threshold provides the random assignment we desire.

The registered vessel length is determined at the construction time with an accuracy to the

centimeter. Before 2016, trawlers received the same fuel subsidy per engine power each year.

After the 2016 reform, trawlers over the threshold received substantially higher fuel subsidy

payments than trawlers with the same power and gear just below the threshold. For the

non-manipulation and local continuity of vessel length, vessels around the threshold should
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be similar and comparable so that the assignment of high and low subsidy standards is as

good as random.

An RD-DD design is embedded in this quasi-experiment. Since the probability of receiv-

ing higher subsidy payments after the reform is abruptly higher for vessels with lengths just

above the vessel-length thresholds, we can use a fuzzy-RD strategy to estimate the marginal

treatment effect of subsidy payments on exit decisions. Moreover, as the vessel-length thresh-

old is only imposed after the reform, we can conduct event studies for the treatment effect

at the threshold before and after the reform and use pre-reform periods as placebo tests to

verify the continuity of potential outcomes.

For the sake of transparency, our multiple-period fuzzy-RD starts from the reduced-form

two-stage least squares (2SLS) estimation of the effect of the vessel-length (or treatment)

thresholds on the probability of exit in each year. Our primary specification uses local linear

regression within a given bandwidth of the treatment threshold, and controls for the running

variables (vessel length) on either side of the threshold. The RD-DD specification identifies

the local treatment effect of the reform as the difference in the discontinuity before and after

the reform:

yit = δ0t + δ10di + δ11Dit + δ2tli + δ3tdi × li + ζtXit + uit if |li| ≤ h,

where di is an indicator for vessel length being above the threshold di = 1{Li > L̃}, Dit =

di × 1{t ≥ 2016} is an indicator for being assigned with higher subsidy payments than

others in the post-reform years, and li is the re-centered running variable li = Li − L̃. The

bandwidth h is specified by the optimal bandwidth choice. The parameters δ10 and δ11 in

this RD-DD specification capture the pre-existing discontinuities and the event-associated

difference in discontinuities at the threshold for the pre- and post-reform period, respectively.

Based on the reduced-form specification, the 2SLS specification for the fuzzy-RD is given

as:

ln(sit) = γ0t + γ10di + γ11Dit + γ2tli + γ3tdi × li + νtXit + ϵit if |li| ≤ h
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yit = β0t + β1 ln(sit) + β2tli + β3tdi × li + µtXit + vit if |li| ≤ h

where we use di and Dit to instrument for the subsidy payment sit in the second-stage

regression. The β1 is the local average treatment effect of fuel subsidy on exit probability

we aim to estimate.

We estimate both conditional and unconditional RD-DD specifications and control for

year and age fixed effects in all estimations. For the conditional RD-DD specification, vessel

features Xit include engine power, total tonnage, and fishing operation. While these covari-

ates turn out not to be necessary for identification, they help increase the efficiency of our

estimates. As with the estimation of the DD model, we cluster the standard error at the

vessel level for inference.

Identifying assumptions

The identifying assumptions for our DD and RD-DD strategies, respectively parallel trends

and local continuity of potential outcomes, can be violated if our treatment variable is selec-

tively assigned to vessels; thus, we carefully consider the validity of these assumptions from

a design-based perspective to ensure that the treatment assignment in our quasi-experiment

is exogenous to potential outcomes, conditional on observed covariates.

We first rule out the threat that the reform designer intentionally imposed the subsidy

standard based on unobservable characteristics underlying the post-reform exit tendency of

vessels. As the policy declares, the post-reform subsidy standard is designed to be deter-

ministic on the pre-reform vessel features. While the subsidy coefficients for gear types are

selected with conservation targets, our specifications only utilize the arbitrary discontinuities

of eligible subsidies across vessel-class thresholds for identification, which are generated with-

out intention by design. The eligibility thresholds are evenly placed into continuous features

to split vessel classes, and the baseline subsidy for each vessel class between thresholds is

determined by the average of registered powers in 2014 for vessels in the corresponding class.

The remaining threats to our identifying assumptions are self-selection into post-reform

treatments. A few facts alleviate our concerns over whether existing fishers can forecast
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the subsidy reform design in making exit decisions, and whether they can manipulate vessel

features for higher subsidy payments.

First, the advent of fuel subsidy reform, especially the new subsidy standards based on

vessel reclassification, is exogenous and unanticipated by vessel owners. Like many policies

in China, the reform is designed in a “top-down” mode. The fuel subsidy level for the reform

is issued by the MOA without community discussion or local trials. The “top-down” feature

of this reform can be evidenced in the address on the National Fishery Work Conference of

March 2016, where the minister of MOA specifically directed local governments to accelerate

the submission of reform plans and to explain the policy to fishers [16].

Second, reciprocal to the “top-down” mode is fishers’ limited access to policy information.

According to surveys in Zhejiang, most local trawling fishers only have limited knowledge

on fishery subsidy mechanisms, and rely on local governments and communities for policy

information [10]. Hence it is improbable that fishers had perfect foresight of future payment

changes in advance of official decisions and responded to the reform long before the execution

of the reform. Additionally, we do not observe more scrappage in 2015.

Third, subsidy eligibility based on technical dimensions is hard to manipulate for existing

vessels. The annual fuel subsidy standard for a trawler is determined by its engine power,

vessel length, and fishing gear registered on the license. Aside from the engineering diffi-

culties, any technical modification of these features needs approval and inspection from the

fishery and maritime departments.

Finally, the proactive policy design that militates against loopholes undercuts the in-

centives to manipulate. The fishery department of Zhejiang specifically mandated that for

vessels modified after 2014, their subsidy would be capped by what they would otherwise

be eligible for without these modifications [19]. The execution of this mandate is confirmed

in the local announcements of the subsidies issued. Consistent with the incentive design, we

observe few modifications within the license system after 2014 in our data.
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Fleet Capacity Counterfactuals

The subsidy reform simultaneously decreased fuel subsidy payments to fishermen and in-

creased the buyback price offered for retiring vessels. We can use our DD model to decompose

the separate contributions of each reform to the total impact on fleet capacity.

The counterfactual without the fuel subsidy reform

To quantify the importance of fuel subsidy reform for fleet capacity reduction, we aim to

disentangle the effect of fuel subsidy reduction from other post-reform changes by predicting

the counterfactual scrappage and buyback for the policy scenario without the fuel subsidy

reform. This counterfactual policy scenario assumes that the fishery manager continues

compensating the trawlers with fuel subsidies based on the fuel price between 2016 and

2019, while using the pre-reform subsidy standard rule and retaining all the other fishery

reforms, including the rise in buyback price.

Using the estimated two-period DD model, we can approximate this post-reform coun-

terfactual by revising the treatment variable to its hypothetical level under the counterfac-

tual scenario. The pre-reform average fuel subsidy payment for each engine power is 1724

RMB/kW, uniform across the fleet. Based on the pre-reform subsidy calculation rule and

the post-reform diesel prices, the counterfactual subsidy standard would have fallen to 1100

RMB/kW post-reform due to the plunging fuel price following 2015. In comparison, the

observed post-reform fuel subsidy standard averages to be 880 RMB/kW and varies sub-

stantially across the fleet (388˜1338 RMB/kW). Notably, the counterfactual fuel subsidy

level is within the empirical range of the observed post-reform subsidy payments, lending

credibility to the internal validity of our predicted counterfactual exit and buyback rates.

With the identified treatment effect βm and the counterfactual fuel subsidy level scit, the

derivation of the predictors for the counterfactual fleet capacity is straightforward. We first

consider the counterfactual exit rate over the fleet. In the potential-outcome framework,

the counterfactual and observed exit probability, ycit and yit respectively, in the post-reform

period follows the relation:
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E [ycit − yit | i ∈ m] = βmE [ln(scit/sit) | i ∈ m] ,

so that the counterfactual scrap rate for class m can be consistently estimated as:

Ê [ycit | i ∈ m] = Avgi∈m

[
yit + β̂m ln(scit/sit)

]
.

With the number of observations Nt, the overall counterfactual scrap rate for vessels can

then be estimated as:

Ê [ycit] =
∑
m

Ê [ycit | i ∈ m]
Nmt

Nt

The counterfactual buyback rate can be computed in the same way.

The counterfactual without the fuel subsidy or the buyback pro-

gram reform

We take one step further to investigate the counterfactual in which there is neither a rise

in the buyback price nor a reduction in fuel subsidies in the post-reform period. In so

doing, we quantify the role fuel subsidy reform plays in controlling fleet capacity. This is a

difficult counterfactual to identify because, unlike the reform to fuel subsidy payments, there

was no differential exposure to the buyback subsidy across vessels. The primary concern in

this extrapolation exercise is to determine whether the government buyback price would have

been competitive enough to enter the decision process of vessel owners with the counterfactual

fuel subsidy standard. To inspect this counterfactual scenario, we need to use a combination

of theory and quasi-experimental designs.

Through a survey of the literature and interviews with local fishers, we learn that local

fishers make their vessel exit decision by comparing a vessel’s operating profit and mainte-

nance cost against the opportunity cost of exiting, of which the majority is either the value

of the engine power quota or the buyback price. Regarding the decision to retire a vessel

through the buyback program, fishers compare the value of the engine power quota, as de-

termined in the market for quota, with the buyback price. If the buyback price is larger
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than the market price for power quota, fishers will retire their vessels through the buyback

program; otherwise, vessels will be sold for their engine power in the quota market. The

counterfactual buyback rate in the absence of any fuel subsidy or buyback reform, therefore,

depends on whether the quota price for engine power would have been greater or less than

the buyback price.

Historical exiting patterns support this claim. In the four years before the reform, the

average price of engine-power quota ranged between 7,000-10,000 RMB/kW, compared to a

buyback price of just 2,500 RMB/kW (Table 2). Accordingly, not a single vessel was retired

through the buyback program during the four years before the reform (Table 1 main text).

In the post-reform years, the average engine-power quota price ranged between 6,000-9,000

RMB/kW, which was similar to the buyback price of 7,000-7,500 RMB/kW. Accordingly,

over one-half of all exiting engine power was retired through the buyback program (Table 1

main text).

We know what the buyback price would have been in the absence of any reform (2500

RMB/kW). But what would have the quota price been? Given the feature of the cap-and-

trade system, we assume that the value of the engine power quota includes the capitalization

of expected fishing profits plus the expected income from fuel subsidy payments in perpetu-

ity. This assumption is supported by the strong positive correlation between fuel subsidies

and quota prices in the pre-reform years (Table 2) Assuming that expected fishing profits

remain relatively stable, we can project the price of power quota under the counterfactual

fuel subsidy standard using historical records between 2010 and 2015. For example, be-

tween 2010 and 2011, the annual average fuel subsidy standard for Zhejiang province was

1120 RMB/kW, approximating our counterfactual post-reform subsidy standard in the ab-

sence of any reform (1100 RMB/kW), and the recorded average quota price was 4000˜6000

RMB/kW. In contrast, between 2012 and 2015 when the fuel subsidy standard was over 1600

RMB/MT, the quota price was around 7000˜9000 RMB/kW. Synthesizing the evidence, we

take 4000 RMB/kW as a lower bound for the quota value associated with a post-reform

counterfactual fuel subsidy standard of 1100 RMB/kW and 7000 RMB/kW as an upper

bound. The counterfactual quota value is close to the post-reform observed buyback and

quota price (7000 RMB/kW), while much higher than the pre-reform buyback price (2500

12



RMB/kW). Therefore, we conclude for our counterfactual scenario that without the reform

on fuel subsidies or the buyback program, the vessels would have exited through the engine

power quota market and no buybacks would have happened.

Counterfactual results

The estimated counterfactual rates of exit and buyback in the fleet with bootstrapped con-

fidence intervals are presented in Table 5, where CF1 represents the counterfactual scenario

in which only the buyback price was raised but there was no reform to the fuel subsidy

standard and CF2 represents the counterfactual scenario in which neither the buyback price

was raised nor the fuel subsidy standard reformed. We also estimate the counterfactual exit

and buyback rates in terms of total engine power.

Evolution of China’s fishery management and subsidy

reform

Fisheries management in China

Following the ratification of the Law of the Sea (LOS) treaty in 1982, China, like many other

coastal nations, began to develop new institutions to manage its marine resources under the

new global framework. In the East China Sea, fisheries that were previously open access and

fished by neighboring nations suddenly came under exclusive control by China. Similarly,

other distant fisheries that had been fished by Chinese fishermen were closed and allotted to

domestic fleets of Japan, Korea, Vietnam and the Philippines off their coasts. These shifts

in legal status and realignment of coastal boundaries and the fisheries within them required

new regulations, policies, and enforcement structures moving forward over the next decades.

The development of China’s fishing sector can best be understood within the context of

the broad modernization of China’s economy as a whole. China’s success in rapid develop-

ment over the past half-century has been directed by a strong Communist Party of China

(CPC) that sets objectives and targets for local officials to implement in a mixed economy

of state-owned enterprises, private enterprises, and market incentives. During the 1980s,
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the goals of the CPC for the economy focused primarily on economic growth, and China’s

fishing sector also reflected that push. Soon after the LOS treaty came into force, China

implemented a sweeping new fisheries directive that lifted price controls on aquatic products,

encouraged private vessel ownership, and called for the full development and utilization of

its marine and terrestrial fisheries resources.

The encouragement of private ownership and market incentives in China’s domestic fish-

ing sector proved wildly successful, at first glance. Under new incentives to invest, the Chi-

nese coastal marine fleet grew precipitously to 250,000 vessels and domestic marine catch

grew at almost 12% per year, reaching over 13 MMT (18% of global catch) by 1998. China

became the world’s most productive fishing nation by 1992. But as the decade of the 1990s

came to a close, broad signs of overexploitation began to emerge. Traditional commercial

species (e.g., largehead hairtail and yellow croaker) disappeared, replaced by pelagic species

and small and under-sized juveniles [3]. Peak fishing times when species reached maximum

abundance shortened. High catch volumes were maintained, but with more effort and at

lower quality [22]. These emergent signs of overexploitation prompted an abrupt about-face

in fisheries management objectives. In 2000 the CPC announced a “negative growth” strat-

egy, essentially signaling an end to the decade of rapid growth and development. The CPC

directed local leaders to reduce vessel numbers and fleet power, reduce catch targets, and

implement input controls such as summer moratoria.

The rapid reversal of policy could not have been implemented without the institutions

that had been developed to monitor and manage the fleet during the decade of growth. In the

early 1980s, the Ministry of Agriculture (MOA) instituted a vessel licensing system requiring

vessels to be registered, inspected, and licensed to fish each year. The licensing system tracks

vessel power, measured by kilowatts (kW) of engine power, as well as gear fished and vessel

attributes. This facilitated management by the “dual control” system whereby the MOA

could set local county/provincial targets for vessel numbers and aggregate fleet engine power

in order to bring fleet capacity and biological productivity into balance.

The licensing system essentially created a cap-and-trade program in engine power whereby

new vessels could only be constructed by acquiring power quota from fishermen exiting the

fleet and scrapping their vessels. Since 2003, MOA has been stringently controlling the total
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amount of engine power quota, offically named as “fishing vessel and net devices control

quota”, to achieve the “negative growth” target [13]. In 2011, the MOA further developed

the national fishing vessel database, named “Marine Fishing Vessel Dynamic Management

System (MFVMDS)”, to put all the marine fishing vessels in the “dual control” system under

direct monitoring [15].

Fleet reduction was facilitated with a vessel buyback system introduced in 2002 [17]. The

program provided compensation to fishers willing to exit and surrender their power quota,

and retraining funds designed to help transition to other non-fishing occupations. The CPC

funded the buyback and retraining programs that were implemented by local officials at the

provincial and county levels to achieve local targets. In 2008, the MOA further raised the

buyback compensation for fishing power to 2500 RMB/kW to encourage voluntary retirement

of fishers and vessels [5].

The fuel subsidy program: 2006-2015

As summarized above, by the early 2000 decade, fishery managers faced multiple objectives

and newly changing directives from the CPC. During the preceding period, China had insu-

lated its economy from rising global fuel prices in order to stimulate development with cheap

fossil fuel energy. But buying oil at high prices and selling it domestically at low prices

proved a substantial drain on budgets and hence the Party decided in 2006 to expose the

Chinese economy to global fuel prices.

Aware that shocks in fuel prices could cause political instability and that fishers’ profits

and livelihoods are critically impacted by fuel costs, CPC decided to provide fuel subsi-

dies from 2006 to vulnerable industries including fisheries. In 2009, the MOA formalized a

national subsidy standard to continue the provision of fuel subsidy payments to domestic

fishing vessels. Managers implemented surveys to determine fuel consumption by vessels by

gear type, engine power, and vessel size. These were used to compute average fuel consump-

tion “subsidy coefficients”, measured in metric tons of fuel per kW of engine power. Annual
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subsidy payments for each legally licensed vessel were then computed to be:

Subsidy = fuel price standard (RMB/MT)

× engine power (kW)× subsidy coefficient (MT/kW),

In the formula, the fuel price standard is computed as the difference between the global

fuel prices each year relative to a baseline (3870 RMB/MT) in the fuel price-controlled

period. The fuel subsidy payment is based on vessel engine power owned by the fisher,

rather than actual amount of fuel consumed.

At the beginning of each year since 2010, the fishery department determines the fuel

subsidy payment standards based on the diesel prices of the previous year and then arranges

for the application and issuance of subsidy payments for fishers. All fishing vessels with valid

certificates, compliance records, and licensed in the previous year are eligible for the annual

subsidy. Subsidy payments are directly deposited to fishers’ bank accounts and announced

to the public by the local government.

The fuel subsidy program: 2016-2020

In 2015 the Central Party announced that the next Five-Year Plan would be designated the

period of “Ecological Civilization”. The prominence of “ecological” in the title signified a

major shift in the significance of goals involving harmony with nature, reduction in environ-

mental degradation, and sustainable resource use rather than economic growth alone. The

regime change was transmitted from top-level decision-makers to local leaders in all sectors

of the economy, including the fishing sector.

A major policy focus of the Ecological Civilization plan as it impacted marine fisheries

was to reform the fuel subsidy program. Managers recognized a number of problems with

the old system including: 1) fuel subsidies incentivized marginal fishermen who might have

exited to remain in the fleet; 2) fuel subsidies became capitalized into quota prices, inhibiting

the effectiveness of the buyback program; and 3) fuel subsides kept ecologically harmful gear

types (eg trawlers) in the fishery, inhibiting rebuilding plans. These problems were addressed

with a major multi-step reform in the fishery subsidy program, implemented in 2016.
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The first step of the subsidy reform was to classify vessels above 12 meters into 12 length

classes. The basis of fuel subsidy calculation then switched from the engine power of each

vessel to the average engine power in 2014 of the belonging vessel class, so as to weaken the

linkage between subsidy eligibility and engine power quota. In the second step, vessels in

each bin were assigned revised subsidy coefficients that accounted for the harmfulness of their

gear types. So, for example, pre-reform trawlers were assigned subsidy coefficients of 0.48

MT/kW while squid jig vessels were 0.328, reflecting actual survey-based fuel consumption

estimates. Post-reform coefficients were set at 0.30 for double-otter trawls and 0.35 for single-

otter trawls and 0.40 for squid jig vessels. These new coefficients reflect revised judgments

about the ecological harm done by each gear type, rather than the actual fuel consumption

used by each gear type. The post-reform subsidy payment thus became:

Subsidy = baseline fuel price standard (RMB/MT)

× average engine power per length class bin (kW)

× revised subsidy coefficient (MT/kW),

The third step was to decouple the annually varying fuel price standard from actual

annual fuel prices. Instead, future fuel price standards would be calculated from a baseline

associated with 2014 fuel prices and remain unchanged as actual fuel prices changed. The

third step further committed to an annual reduction of 18% from the baseline standard so

that total subsidy payments would be reduced by 60% over the five-year planning period.

The fourth step announced that new construction of double-otter bottom trawlers would be

prohibited after 2017 and that all new construction of trawl gear vessels would stop after

2019.

The implementation plan of fuel subsidy reform for the next five years was issued to fishery

managers at the provincial level by MOA at the end of 2015. In the middle of 2016, Zhejiang

along with other provincial governments published its own execution standards based on the

design of MOA. The issuance of the subsidy payments based on the new subsidy standard

then began in the coastal counties of Zhejiang province in the middle of 2016 and was not

finished until early 2017 [11]. 2016 is thus regarded as the first year of the execution of the
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new subsidy standard.

Vessel buybacks in the era of fuel subsidies

The vessel buyback program is the core policy instrument for fishing fleet capacity reduction

for the “negative growth” strategy of China’s fishery management program. Under the quota

management program for fishing power, excess engine power retrieved from the double-

control system by the government buyback program becomes a permanent reduction of the

fleet capacity. The buyback process had been ineffective and languished for years because

of the counteracting effects of high fuel subsidies against low buyback prices before 2015. A

primary intent of the subsidy reform was thus to bring back into coherence the fuel subsidy

policy with the capacity retirement targets based on the new focus on ecological harmony.

As admitted by fishery managers in Zhejiang province and the Ministry of Agriculture,

the introduction of the fuel subsidy program collided with and stalled the progress of vessel

buyback, which worked as intended before 2006. According to Zhejiang province officials,

fishery managers successfully bought back over 4400 vessels and 438MW of engine power

from 2002 to 2006, whereas after 2006, progress stalled [8]. For example, in an interview

in 2015, the fishery manager of Xiangshan county reported that this largest fishing county

in Zhejiang formerly retired 200 vessels annually through voluntary buybacks before the

fuel subsidy policy, but had seen zero vessel buybacks since 2006 [4]. The same dilemma

for fishery managers was also reported in other fishing counties of Zhejiang [5, 3, 9]. As

summarized by the minister of agriculture at the 2016 National Fisheries Work Conference,

fishers were willing to retire their vessel at the beginning of the 2002 buyback program, but

the willingness was dampened by the fuel subsidy payments after 2006 [16].

The mechanisms by which fleet reduction goals were compromised were subtle and intri-

cate. As noticed by local fishery managers, the primary driver for fishers’ unwillingness to

surrender their quota for buyback was the higher market value of their engine power quotas

resulting from anticipated fuel subsidy payments, in comparison with the fixed government

buyback price [5, 23, 21, 7]. For example, as discussed above, the licensing system capped

aggregate fleet engine power and required power-for-power quota transfers for new vessel

construction. The buyback program paid exiting fishermen up to 2500 RMB/kW to surren-
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der their quota, making aggregate quota more scarce. But as quota became more scarce, it

began to take on a market price.

During the early phase of the buyback program, due to severely declining fishery resources

and rising costs, the market price of quota was below the buyback price, and hence exiting

fishermen chose quota surrender rather than selling to a new entrant [5, 6]. But as fuel

subsidies were introduced, quota prices rose to reflect the capitalized value of anticipated

future payments. For example, in 2006, reported trawler quota transfer prices were around

600 RMB/kW. But by 2014, they were 8,000-10,000 RMB/kW. This increase reflected the

(market-determined) present value of the flow of future subsidy payments for the average

trawler. The value of subsidies thus became embedded in quota transfer prices, causing

transfer prices to exceed the buyback price. This in turn choked off incentives for exiting

fishermen to surrender their quota to the buyback program. The subsidy program thus had

two avenues by which it counteracted the intended goals of reducing the fleet, namely: 1)

by propping up revenues of marginal vessels and hence delaying their decisions to exit; and

2) by raising power quota prices above buyback prices, reducing incentives of exiting vessels

to surrender their quota into the buyback program.

Hence, in addition to the multi-pronged reform of the incentives built into the structure

of the fuel subsidy program, local authorities also enhanced the buyback program in order to

resume the process of fleet reduction that had been halted as quota prices rose above buyback

prices. This was made possible by diverting the savings from reforming fuel subsidies into

the buyback program. The CPC raised buyback prices from 2500 to 5000 RMB/kW, and

provinces like Zhejiang added 2500 RMB/kW to meet its targeted regional reductions. The

higher buyback prices thus began to exceed quota prices, which themselves were reduced as

expected future fuel subsidy payments were reduced. The result was that vessels and their

associated power quota began to be eliminated, particularly older, smaller and wooden-hulled

vessels that were safety concerns and obsolete technology.

The effects of the reformed fuel subsidy program were dramatic. For example, in the

Zhejiang province alone, during the post-reform period of 2016-2020, a total engine power of

446MW was retired through the buyback program, exceeding the capacity reduction target

of 13th Five-Year Plan by 16MW [18].
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Supplementary Figures

Figure 1: Scatter plot of Fuel subsidy payments per kW of engine power for all large trawling
vessels in 2015 and 2016. Smoothed local means are fitted by a local linear regression
(LOESS). Dashed lines are vessel length thresholds of vessel classifications for post-reform
subsidy eligibility.
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Supplementary Tables

Table 1: Comparison of the fleet dynamics recovered in the MFVDMS sample with the
Yearbook report for Zhejiang trawlers

Trawlers: Fishery Yearbook Trawlers: Sample (MFVDMS) Large trawlers: Sample (MFVDMS)

Year
Fleet
size
(No.)

Total
Power
(MW)

Fleet
size
(No.)

Total
Power
(MW)

Size to
Yearbook
Ratio

Power to
Yearbook
Ratio

Fleet
size
(No.)

Total
Power
(MW)

Size to
Yearbook
Ratio

Power to
Yearbook
Ratio

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

2011 8459 2072.63 7950 1994.46 0.94 0.96 7685 1964.48 0.91 0.95
2012 8173 2067.46 7864 2000.59 0.96 0.97 7646 1976.92 0.94 0.96
2013 8075 2084.51 7779 2016.82 0.96 0.97 7613 2000.48 0.94 0.96
2014 7888 2044.89 7652 2021.57 0.97 0.99 7533 2011.34 0.95 0.98
2015 7771 2055.01 7617 2025.58 0.98 0.99 7515 2017.23 0.97 0.98
2016 7410 1980.35 7321 1967.82 0.99 0.99 7252 1962.29 0.98 0.99
2017 6781 1837.58 6571 1796.40 0.97 0.98 6506 1791.21 0.96 0.97
2018 6306 1763.85 6211 1717.48 0.98 0.97 6151 1712.73 0.98 0.97
2019 6002 1690.52 5913 1652.72 0.99 0.98 5860 1648.37 0.98 0.98
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Table 2: The 2006-2019 dynamics of fuel subsidy standards and engine power quota prices
in Zhejiang trawling fisheries

Year
Fuel subsidy
(RMB/kW) 1

CPUE
(MT/kW)

Diesel Price
(RMB/MT)

Buyback Price
(RMB/kW)

Quota Price
(RMB/kW) 2

2006 205 0.90 4328 800 500∼800
2007 330 0.65 4654 1000 1000∼1200
2008 850 0.65 5564 2500 1500∼2000
2009 - 0.75 5519 2500 1800∼2200
2010 747 0.83 6509 2500 3500∼4000
2011 1232 0.90 7508 2500 5000∼6000
2012 1681 0.90 7765 2500 7000∼9000
2013 1831 0.89 7651 2500 10000
2014 1774 0.94 7315 2500 8000∼10000
2015 1608 0.99 5706 2500 7000
2016 1148 1.01 5380 7500 6000∼9000
2017 950 1.02 6195 7500 6000∼9000
2018 786 0.93 7455 7000 6000∼9000
2019 645 0.92 6924 7000 6000∼9000
1 Fuel subsidy is calculated as the average annual payment per kW for trawlers. 2009 is the
transition year and starting in 2010, the annual fuel subsidy was paid to fishers based on
the diesel prices of the previous year.

2 Engine power quota prices were taken from field observations on the market of Zhejiang.
Data source: 2006-2013: [9], 2014-2015: [6], 2016-2019: [12, 24, 2].
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Table 3: Robustness of the DD specification to the level of fixed effects

Exit

(1) (2) (3)
Panel A. Annual effect
post16=1 × log exposure 0.129∗∗∗ 0.124∗∗∗ 0.153∗∗∗

(0.0173) (0.0174) (0.0165)
R2 0.101 0.117 0.328

Panel B. Quadrennial effect
post16=1 × log exposure 0.356∗∗∗ 0.336∗∗∗ 0.350∗∗∗

(0.0521) (0.0492) (0.0408)
R2 0.260 0.297 0.711

Panel C. Event study
year=2012 × log exposure -0.00618 0.000383 0.00954

(0.0218) (0.0218) (0.0212)
year=2013 × log exposure -0.0128 -0.00937 -0.0119

(0.0267) (0.0263) (0.0201)
year=2014 × log exposure 0.0414 0.0396 0.0293

(0.0263) (0.0257) (0.0203)
year=2015 × log exposure 0 0 0

(.) (.) (.)
year=2016 × log exposure 0.0609∗ 0.0599∗ 0.0607∗

(0.0268) (0.0268) (0.0246)
year=2017 × log exposure 0.192∗∗∗ 0.189∗∗∗ 0.201∗∗∗

(0.0347) (0.0343) (0.0319)
year=2018 × log exposure 0.155∗∗∗ 0.151∗∗∗ 0.197∗∗∗

(0.0312) (0.0310) (0.0295)
year=2019 × log exposure 0.133∗∗∗ 0.132∗∗∗ 0.203∗∗∗

(0.0290) (0.0292) (0.0282)
R2 0.102 0.117 0.328
Classification FE No Yes Yes
Individual FE No No Yes
Observations 50984 50984 50984
Standard errors in parentheses.∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001.
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Table 4: First-stage and Reduced-form Estimations for the RD-DD Specification

First Stage Reduced form 2SLS

Log(Fuel Subsidy) Annual Exit

(1) (3) (2) (4) (5) (6)
over30=1 -0.014∗ 0.001 0.018 0.019

(0.006) (0.001) (0.010) (0.010)
post16=1 × over30=1 0.294∗∗∗ 0.252∗∗∗ -0.069∗∗ -0.059∗∗

(0.017) (0.003) (0.021) (0.021)
Log(Fuel Subsidy) -0.184∗∗ -0.158∗

(0.065) (0.072)
Year-Gear FE No Yes No Yes No Yes
Year-Power FE No Yes No Yes No Yes
Year-Tonnage FE No Yes No Yes No Yes
R2 0.949 0.996 0.057 0.091 0.066 0.091
F 4413.02 247765.21 71.60 24.06
Observations 11958 11958 11958 11958 11958 11958
Standard errors in parentheses.∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001.
Bandwidth is 2 meters for RD inference [1].

Table 5: Post-reform Scrap and Buyback Rates Simulated Under Counterfactual Subsidy
Policies

Avg. Fuel Buyback Exit Rate Buyback Rate Exit Rate Buyback Rate
Period Case Subsidy Price in Fleet Size in Fleet Size in Total Power in Total Power

(RMB/kW) (RMB/kW) (%) (%) (%) (%)

Pre-reform Obs 1724 2500 15.4 [14.6,16.2] 0 13.0 [12.4,13.7] 0
Post-reform Obs 880 7000 30.2 [29.1,31.3] 16.4 [15.5,17.2] 26.8 [25.8,26.0] 14.1 [13.4,14.9]
Post-reform CF1 1110 7000 19.4 [16.6,22.2] 9.71 [7.42,12.0] 14.9 [12.0,17.9] 7.22 [4.84,9.60]
Post-reform CF2 1110 2500 <19.4 0 <14.9 0
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