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Preface 
 

 
In September 2016, the Environmental Defense Fund (EDF) and the Bren School of Environmental 

Science & Management at UCSB jointly co-hosted a workshop entitled: “Transfer Effect Research: 

Understanding True Conservation Costs and Benefits in a Globalized Economy.” Approximately 30 

participants from academia and government sectors representing fishery economics, management and 

policy expertise gathered along with EDF and Bren staff. The goal of the workshop was to further our 

collective understanding of the transfer effect concept, share current methodologies and applications, 

build new collaborations to further research, and identify how transfer effect research can inform policy 

to improve US and global conservation goals. Each invitee to this workshop has made significant 

contributions to transfer effect research and was able to provide a unique perspective from different 

geographies and fisheries as well as other resource areas. 

 
EDF’s mission is to preserve the natural systems on which all life depends. Through our Oceans 

Program, we work with policy makers, fishermen, seafood suppliers and retailers, researchers, and 

others who depend on the ocean to develop practical and lasting solutions to achieve sustainable and 

profitable fishing. Our work is rooted in strong science and the use of market-based approaches. 

 
Several of the fisheries in which we work are global in scope in terms of species ranges, competing 

fleets, and markets. In some cases, regulations in U.S. fisheries intended to protect imperiled species 

can cause the transfer of effort abroad and adversely affect the very species intended for protection, a 

concept we refer to as the transfer effect. Understanding the true costs and benefits of unilaterally 

implemented policies can help us to craft solutions that acknowledge the global nature of this challenge 

and result in net conservation benefits. 

 
We hope this report conveys the breadth of information, concepts and insights gained during our two 

days together, as well as providing background literature and other resources for those who wish to 

better understand the transfer effect. 
 
 
 

 

 

Shems Jud 

Pacific Regional Director 
EDF Oceans 
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Forward by Douglas N. Rader, EDF Chief Oceans Scientist 
 

 
Perhaps the most difficult part of modern fisheries management is anticipating and adapting to the 

cascade of human behaviors that can result from even seemingly simple changes in complex 

management systems. After all, fisheries stakeholders make individual decisions that reflect their 

judgment related to forces they perceive, locally, but that can have ramifications far beyond their docks, 

once aggregated: investments in vessels and equipment; participation in individual fisheries from 

among the portfolio of options that are accessible to them, geographically and legally; the value chains 

they choose to participate in; and even the specific gears, species to pursue, and places to fish that they 

choose on any given day. 

 
Economists and governance systems experts have long understood that specific local or unilateral 

decisions in the governance of almost any natural resource – whether gold, oil, water, or forest products 

– can have significant potential to unleash unintended consequences (“trade leakage,” or “spillover” are 

terms often used; see Pigou, 1920). Ironically, of course, “spillover” has a somewhat different but 

related connotation with regard to the positive effects of marine reserves outside their management 

footprint (e.g., Roberts et al., 2001). The set of aggregate shifts induced by natural resource decision- 

making – in activity footprints, and consequences for stakeholders and communities, target and non- 

target species, ecological integrity and overall performance, at whatever scale, from local to global – has 

come to be known as the “transfer effect.” 

 
Transfer effects can include redirection of activities and investments, alteration of value chain 

conformation, and a shifting impact footprint, both human and ecological. Significant analysis of these 

types of effects has been focused on global warming emissions (cf. Bohringer and Rutherford, 2002; 

Babiker, 2005; Goulder and Parry, 2008). 

 
In a day and age where fisheries value chains are increasingly global, with substitutions from 

widespread geographies readily available, no one should be surprised when progress towards stated 

goals driving policy decision-making in one geography induces effects elsewhere that can limit or even 

undo net progress towards broader goals. 

 
Every fishery management planning process I have ever been involved with, over my decades in this 

business, has led to both intended and unintended shifts in effort, gear configurations and 

deployments, net fisheries mortality across fisheries portfolios, and consequences to wildlife and even 

ecosystem function. Shifts in effort among jurisdictions, or to other targets as one fishery is regulated 

more tightly within a region, are well-known by fisheries managers (e.g., Asche et al., 2007; Hutniczak, 

2014). Interesting questions have also been asked about advantages of output quotas, and whether and 

how quota trading designs can induce “leakage” (Abbott and Wilen, 2009; Cunningham et al., 2016). 
 

 
The best-documented examples of transfer effects in marine fisheries at larger scales involve 

unintended consequences related to bycatch of endangered or protected species in one part of 

geographically complex systems. The best studied is the transfer of effort outside of U.S. jurisdiction 

associated with reductions in effort in the Hawaiian longline fishery for swordfish, associated with the 

protection of endangered sea turtles. The first major studies on these relationships determined that the 

2001-2004 swordfish closure generated a market transfer of swordfish catch and sea turtle bycatch 
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from the increasingly well-managed U.S. fleet to other less well-regulated places (Sarmiento, 2006), 

ultimately generating a net (negative) increase of nearly 3,000 sea turtle interactions (in the language of 

the U.S. Endangered Species Act) (Rausser et al., 2009). Subsequent papers found greater complexity 

in the cause and effect relationships, but still suggest that a net negative effect resulted when sea turtles 

alone are considered (Bartram et al., 2010; Chan and Pan, 2012; Mukherjee, 2015; Chan, 2016). 
 

 
Other recent contentious cases also relate to protected or “charismatic” species interactions with well- 

regulated U.S. fisheries, including the California drift gillnet fishery for swordfish, common thresher 

sharks and shortfin mako sharks that also interacts with a variety of marine mammals and sea turtles 

(Berube et al., 2015; Moore and Curtis, 2016). In one example, formal “bycatch quotas” are now being 

used to manage catch in the U.S. of Atlantic bluefin tuna (NOAA, 2014). 

 
Regardless, new – and hopefully outside-the-box – ideas are badly needed to generate research 

priorities and state-of-the-science thinking about how to measure and judge both direct and indirect, 

market-mediated effects of management decisions against stated conservation goals. I hope you find 

the workshop summary and other contents of this report useful in understanding this important issue. 
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Workshop Summary 
 

The following summarizes the workshop proceedings by presentation and discussion. For additional 

information on recent transfer effect publications and research summaries, please refer to Appendix 1 

and for a literature review on transfer effect by environmental sector, refer to Appendix 2. In 

addition, the workshop agenda and workshop participants are included in appendices 3 and 4, 

respectively. 

 
Workshop Day #1 (September 28th) 

 

 
Case Studies and Perspectives Presentations: 

 

 
Consumption: The Overlooked Part of Conservation Policy 

Mark Helvey, Sustainable Seafood Consultants 
 

 
Key takeaways: 

- Questions to consider regarding the Transfer Effect (TE): 

o Is US policy on fishery regulation redirecting ecosystem impacts to other parts of the 

globe? 

o Should these environmental spillovers be incorporated into US conservation policy? 

o Should the US strive to increase seafood supply to become more self-reliant on domestic 

seafood production? 

- Potential solutions to TE: 

o Increase consumer awareness of TE concept and availability domestic seafood products 

o Increase US aquaculture production to increase domestic supply of seafood 

o Recognize and better understand the unintended consequences of management 

decisions 

o Support sustainable fishing practices in other nations 
 

 
Presentation discussion takeaways: 

- How to value and weigh local versus global environmental quality (“not in my backyard” 

thinking) 

- Classify problem types between the transfer effect involving shared versus isolated resources 

because incentives will differ 

- Recognize that transfer effect can be positive, negative, or neutral so decision-makers should 

evaluate net effects 

- Defining terminology needed, spillover effects and externalities are not the same thing 

- Countries may not be able to change policies quickly, but sometimes companies can 
 

 
Evidence and  Measurement of Transfer Effects: The Case of Forest Conservation Leakage 

Jianbang Gan, Texas A&M University 
 

 
Key takeaways: 

- Forest conservation in developed countries can result in 42-95% transfer effects to mostly 

developing countries. This phenomenon is exacerbated by illegal timber markets, international 

timber trade, and other market/non-market factors 
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- In order to reduce negative unintended consequences of forest conservation policies, broad 

global cooperation and collaboration is needed among various natural resource researchers 

 
Saving More Turtles? – The Spillover Effects of Environmental Regulation for Sea  Turtle 

Protection in Hawaii Longline Fishery 

Minling Pan, NOAA Pacific Islands Fisheries Science Center 
 

 
Key takeaways: 

- Hawaii longline fishery closure (2000-2004) allowed for testing production displacement; 

research confirmed that non-US production was associated to closure such that when HI fishery 

is reduced 1 unit of production, the non-US will raise 1 unit – (statistically significant at 1% 

level) 

- Hawaii longline regulations enacted after the fishery closure have resulted in a 90% decrease in 

HI sea turtle bycatch rates, 50% decrease in HI swordfish harvest 

- Spillover effects include an increase in swordfish harvest but also an increase in turtle bycatch 

by foreign fleets (i.e. a decrease in turtle conservation efforts) 

- Sea turtle bycatch rates vary depending on the fishery: analysis shows that between 100 – 800 

swordfish were caught for every one sea turtle bycatch (in HI fishery); this indicates the need to 

consider seasonal or time area closures, effort restrictions, or other conservation measures 

where turtle bycatch rates are highest 

 
Presentation Discussion: 

- The majority of the HI swordfish harvest is shipped to the U.S. mainland (mostly to Boston); 

then it is labeled as Atlantic-caught swordfish, not Hawaiian-caught 

- Potential confounding factors in the analysis include: Give Swordfish a Break Campaign and the 

mercury scare in the late 1990’s (separate out these market forces?) 

- Turtle interaction rates differ drastically across geographies and observer coverage also differs 

significantly by fishery and region 

- Observation that 100% monitoring of the Hawaii shallow-set longline fleet very important to do 

this research 

 
Bycatch Transfer Effects Following Decline in U.S.  PLL Fleet 

Kat Millage & Lily Tsukayama, Ocean Analytics 
 

 
Key takeaways: 

- U.S. pelagic longline fleets generally have lower bycatch rates compared to other ICCAT fleets 

- When the U.S. doesn’t fish all of its quota, the change in bycatch is not significant; if the U.S. 

quota is transferred to another country with higher bycatch rates, however, a bycatch transfer 

effect is possible 

 
Presentation Discussion: 

- Swordfish is not a choke species 

- Important to understand that U.S. swordfish makes up a small portion of the global swordfish 

harvest 
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Strategic Fisheries Recovery 

Chris Costello, UCSB Bren School 

Key takeaways: 

- Global recovery will lead to better conservation and higher catch; this is lower the prices only 

slightly (10%), so no widespread conservation leakage problem due to exacerbation of open 

access problems 

- Unilateral fishery recovery could result in a decrease in net conservation efforts; fishery recovery 

plans such as MPAs will increase prices both in the short and long term resulting in a transfer 

effect and reduction in conservation 

- Catch Share countries may have perverse incentive to want other countries to remain open 

access and overfish b/c it drives price up for them (Iceland example) 

- Demand curve is downward sloping, this is why we have leakage 

- Using Maximum Economic Yield (MEY) vs MSY may have less catch, but its conservation effects 

may outweigh leakage problems 

- A truly global fishery recovery effort, however, can result in an increase in catch, improvement 

in conservation efforts, and no transfer effect 

 
Presentation Discussion: 

- Consider having an OPEC-like control on fishery supply to maximize profit 

- Timing is important for determining magnitude and sign of transfer effect 

- Determining the optimal strategy is difficult because it’s not beneficial for everyone in the world 

to reduce catch at the same time otherwise food production would significantly decrease (but 

profit would increase overall) 

 
Production, Consumption, and  Conservation Leakages: The Endangered Species Act,  the 

California Drift Gillnet Fleet, and  Pacific Sea  Turtles 

Dale Squires, NOAA Southwest Fisheries Science Center 
 

 
Key takeaways: 

- Unilateral conservation under the ESA can result in unintended transfer effects in conservation 

through international trade 

- A species like swordfish is ‘fungible’ – can easily substitute fish from Pacific, Indian, Atlantic 

- A decrease in locally-caught swordfish results in consumer and producer losses and an increase 

in swordfish imports; after the implementation of a time area-closure for the drift gillnet fishery, 

a substantial net increase in bycatch of individual turtles was observed 

 
Presentation Discussion: 

- Price elasticity has a large impact on the transfer effect – should use the demand elasticities at 

the individual vessel-level to get the first order approximation of price changes and incorporate 

these net present value impacts into a management strategy evaluation method 

- These net present value impacts into a management strategy evaluation method 
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An Argument against Using the Market Transfer Concept in Fisheries Policy 

Jason Scorse, Center for the Blue Economy 
 

 
Key takeaways: 

- One definition of the transfer effect is as another fisher catching the exact same fish that wasn’t 

harvested 

- The phenomenon is poorly understand with many confounding factors (such as Mad Cow 

disease driving substitutions) and alternate explanations that could explain trends described in 

the Rausser, et al. paper 

- The U.S. should base domestic policies on vigorous pursuit of its own environmental goals (i.e. 

not lower U.S. environmental standards/regulations) and at the same time work on improving 

global fishery standards 

 
Presentation Discussion: 

- Definition of TE differed among those presented by Jason and others (doesn’t necessarily have 

to be the same fish) 

- Cannot reasonably conclude there’s no transfer effect 

- Difficult to determine a causal link – enough or sufficient evidence available for policy? 

- Who should have the burden of proof: proponents of regulations, regulators, or the fishing 

industry? 

- It is important for the U.S. to have high moral ground relative to bycatch avoidance 

- Important to have fishermen representatives working with negotiators, balance between a well- 

managed but also active fishery, and advance efforts to quantify the transfer effect impacts 

- There is a false dichotomy between regulating US fisheries and promoting worse foreign actors 

- The U.S. should still consider actions outside of our country to inform our policy making 

because we import a significant amount of resources 

- Application of NEPA guidelines could be one way to include TE into policymaking 

 
Challenges/Opportunities for Transfer Effect Research Roundtable Discussion 

 
Key takeaways: 

- Better collaboration among other sectors (and also the fair trade movement, for example) will 

provide lessons learned and ways forward to better understand and quantify the transfer effect 

and will help determine how to implement this into policy/management decisions 

- Question of how to gain traction for incorporating consideration of the transfer effect into the 

decision-making process and level the playing field for US fishermen; one option may be to 

incorporate as part of the NEPA guidelines 

- Additional research needed include the following: 

o The magnitude of the transfer effect and meaningful and thresholds of the transfer effect 

o Characterizing conditions of where and when the transfer effect will be the biggest issue 

o Clear, accessible communication of the transfer effect and unintended consequences to 

consumers, resource users, managers, etc. (communication strategy will differ 

depending on the audience) 

o Marketing of the transfer effect so consumers and other audiences are aware and 

understand the implications of transfer effects (and subsequently make informed 

product choices) 
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o Evaluation of the entire supply chain to determine the chain of causality 
 

 
Workshop Day #2 (September 29th) 

Recap from Workshop Day #1 

Presenter: Kathy Segerson 

Key takeaways (also see presentation slides): 

- Supply-restricting domestic regulation that is driven by a downward-sloping demand can result 

in the following: 

o Decrease in domestic production 

o Increase in price 

o Increase in foreign production 

o Increase in imports to the U.S. 

- Recognize that change in bycatch can be positive, negative, or zero 

- Factors affecting the transfer effect vary across case studies and contexts and the magnitude of 

these effects are case-specific 

- Need to measure changes against appropriate counterfactuals/baselines 

- Question of who should have the burden of proof 

- Different policies lead to different transfer effects; thus, decision-makers need to consider net 

transfer effects and incentive effects for both preferred policies and alternative policy options 

- Goal isn’t necessarily to minimize the transfer effect(s) but to at least recognize and integrate 

consideration of transfer effects in decision-making 

 
Identifying Opportunities to Improve Methodologies Roundtable Discussion 

 

 
Key takeaways (by break-out groups): 

 

 
- Articulate the political context of the transfer effect 

- Need to tackle both domestic and international regulations together 

- Consider the net effects of consumption which would include country of origin laws on 

natural resource products 

- Leverage the desire to level the playing field from domestic and foreign resource users 

and collaborate with resource users (fishermen for example) and NGO’s 

- Determine ways to increase U.S. production such that we become more self-reliant on 

domestic products which would result in improved food security 

 
- Develop a theory paper on effects of supply and demand shifts 

- Should unilateral environmental regulations target production or consumption? 

- When a country unilaterally adopts a new environmental regulation in a globalized 

world, there are consequences in the global market that can undermine the regulation’s 

intent 

- There are documented examples in which the overall net effect on the environment is 

positive or negative 
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- Unilateral regulations can also harmfully impact the domestic economy by shifting jobs 

or buying power abroad; on the other hand, failing to limit environmental damages from 

production has other negative consequences, both domestically and globally 

- International cooperation as a solution is conceptually compelling but often practically 

difficult. 

- To address these competing challenges, this paper uses very simple theory to develop 

intuitive recommendations for policy makers on whether they should target production 

or consumption with new unilateral regulations 

- Output: publication in a high impact journal 
 

 
- Explain variables (including confounding variables) that affect the transfer effect 

- First order variables include: target and non-target catch, location of harvest (include 

import and export data), consumption information (rates, products, etc.), product flow 

(incorporate both supply and demand sides) 

- Second order variables include: 

i.   Economic variables (macroeconomics – currency changes; microeconomics – 

market for species, degree of substitution, price changes) 

ii.   Social variables (change or shift in fishing behavior, other fishing opportunities?) 

iii.   Ecological and biological variables (oceanographic conditions, species range 

shifts, life cycle of species that includes spatial resolution) 

iv.   Policy variables (international or bilateral agreements) 
 

 
- Summarize lessons learned for considering transfer effects from all sectors 

- Sectors to consider include: fisheries, forestry, labor laws, biofuels, mining, and others 

- Create a short “Transfer Effect 101” outreach material with strong scientific basis that 

includes information on the common challenges of TE, characterization of TE (across 

sectors) and consumption as a driver of the TE 

i.   Output: policy forum (Nature Communications) 
 

 
From Research to Management: the Transfer Effect and Decision-Making 

 

 
Key takeaways: A global perspective should be taken when evaluating natural resource management 

that incorporates more dynamic approaches. Researchers and managers should consider scale, a 

holistic view of the supply chain, outreach opportunities to relay transfer effect information, leverage 

points in the policy arena, strategies to convey information on the transfer effect, conservation 

objectives that exercises the greatest benefit to the nation as a whole, and collaborative opportunities 

with others working on natural resource management. 

 
Brief perspectives from Rebecca Lent, George Silva, Rebecca Lewison, and Mark Helvey followed by 

discussions: 

- Need to take a global perspective and incorporate all potential net impacts 

- Should have the following data readily available: bycatch catch ratios by country (domestic and 

foreign fleets), quantity and type of natural resource imports, price elasticities, and so on 

- Should focus on large scale closures to help identify transfer effects (effects can even within the 

US: north or south of a closed area) 
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- Need additional case studies and information on: 

- Transfer effect publications across sectors 

- Working models 

- Legal case studies 

- Optimal management matrices to determine where effort is being displaced, considering 

individual accountability (let individuals weigh the risk versus reward) 

- Need a way to make the transfer effect a more convincing argument, thus, need additional case 

studies that document and quantify the existence of TE 

- Should incorporate the role of consumption into the TE conversation and evaluate the domestic 

food production system as a whole (ways to become more self-reliant on food production in the 

U.S.?) 

- Need to incorporate all unintended consequences that result from the transfer effect, not just 

particular species, at the beginning of the decision-making process 

- Additional information needed to better understand TE: 

- The relative impacts of resource extraction both in the U.S. and globally 

- Documentation of our reliance on domestic versus international products 

- Consumption track record 

- Ways to improve domestic resource management 
 

 
Building Interdisciplinary Collaborations/Next Steps 

 

 
Key takeaways: 

- Potential funding sources: SK, BREP, NGO’s, food security organizations, etc. 

- Use case studies from several sectors to help broaden and further strengthen the transfer effect 

theory and to determine lessons learned, potential ways forward, and solutions in order to better 

influence decision-makers 

- Need additional data on confounding variables, magnitude and thresholds of the transfer effect, 

and the factors that are most important determinants of the transfer effect to result in targeted 

data collection 

- Additional areas of expertise and topics to include: social science, biogeography, diplomacy, 

trade, international scientists and economists, fishermen, players in seafood and wholesale 

distribution (supply chain including large corporations involved in grocery supply 
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Conclusions/Next steps 
 

One important conclusion of the transfer effect workshop is the additional research projects and work to 

be conducted by some participants. Furthermore, participants agreed on 1) working definition of 

transfer effect; 2) range of methodologies but a need to consider 1st and 2nd order variables; 3) transfer 

effect documented in forestry and fisheries systems but more research is needed to better understand 

ecological, social and biological dynamics associated with the phenomenon; and 4) there is value in U.S. 

fishery/seafood policy leaders to consider transfer effect as potential outcome of unilateral conservation 

policy involving transboundary species. 

 
The additional proposed research projects include the following: 

 

 
1.  Proposed Paper by Matt Burgess, Bren School 

 
Should unilateral environmental regulations target production or consumption? 

 
Most goods are produced with at least some environmental cost (e.g. carbon emissions, pollution, 
natural resource extraction); for this reason, most sectors of the economy are governed by some form of 
environmental regulation. However, when a country unilaterally adopts a new environmental 
regulation in a globalized world, there are consequences in the global market that can undermine the 
regulation’s intent. When new regulations add limits or costs to production, the global price can 
increase, which drives other countries to produce more to fill the void. Adding new limits or costs to 
consumption can have an analogous effect—reducing global prices, which results in greater foreign 
consumption. In either case, the regulation decreases a domestic source of environmental impact, but 
can amplify foreign sources of environmental impact. There are documented examples in which the 
overall net effect on the environment is each of positive or negative. Unilateral regulations can also 
harmfully impact the domestic economy by shifting jobs or buying power abroad. On the other hand, 
failing to limit environmental damages from production has other negative consequences, both 
domestically and globally. International cooperation as a solution is conceptually compelling but often 
practically difficult. To address these competing challenges, here we use very simple theory to develop 
intuitive recommendations for policy makers on whether they should target production or consumption 
with new unilateral regulations. 

 
 

2.   Proposed transfer effect 101 outreach document by Rebecca Lewison, Kathy Segerson, Jianbang 
Gan, and Mark Helvey 

 
Transfer effects: accounting for indirect effects of conservation policy. A challenge to policies that 
balance consumption and conservation. 

 
Sections in the report include transfer effects as a challenge to resource use policy, transfer effects 
across fields (fisheries, forestry, labor laws, and bio-fuels/subsidies), common challenges characterizing 
transfer effects, and a pathway to more sustainable resource management policy by accounting for 
transfer effects. 
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i 

Appendices 
 

Appendix 1: Research Excerpts by Workshop Participants 
 

 
The following research excerpts were provided by transfer effect workshop participants. This is not 

an exhaustive compilation of work but provides a flavor of recent work published in this field. The 

excerpts are organized by most recent year first and then alphabetically by the last name of the first 

author. 
 

 

Burgess, Matt and Gaines, Steve, 2016, Relative Impacts on Bycatch and Target Species 
 

 
Relative impacts of fishing on bycatch and target species drive long-term threats and tradeoffs 

Matthew G. Burgess and Steven D. Gaines 

Sustainable Fisheries Group, University of California, Santa Barbara 
 

 
Summary: 

Bycatch monitoring efforts often focus on measuring bycatch mortality—per-unit fishing effort or overall. These 

measures provide important information about the status of threatened species and the sustainability of current 

practices. However, our recent research has found that the relative impacts of fishing on bycatch and target species 

are key to understanding tradeoffs between conservation and other management objectives, and to predicting threats 

to bycatch species and ‘weak stocks’ (other commercially valuable species which may or may not be incidental 

catch) before high mortality rates and population declines are realized. We briefly describe two case studies 

illustrating these points. 

 
Predicting threats before declines 

Suppose that a new fishery begins to develop, which is small, and thus does not pose an immediate threat to any 

species or cause a short-term population decline. However, suppose we estimate that this fishery inflicts twice as 

much per-capita mortality on a bycatch species as it does on the target species, and these two species have similar 

life histories (and therefore likely similar population growth rates). If these relative impacts were to persist as the 

fishery grew, we would predict an eventual conservation threat to the bycatch species, assuming the fishery would 

eventually grow to level that fully exploited the target species. 

 
This is the logic of an ‘Eventual Threat Index’ (denoted T) we developed (Burgess et al. 2013; see also Gaines and 

Costello 2013) for predicting the long-term threats current fishing practices might pose to a particular bycatch 

species or weak stock, were they to continue as fisheries expanded. There are two ways to express T (denoted Ti for 

a bycatch species or weak stock i), which are mathematically equivalent (but one or the other may be more useful 

depending on the context and available data). 
 

 


T

i 
=  

 

Vij 
  CatchTarget, jj 




 (1a) 
j 
 VTarget, jj  TotalCatchTarget, j 

 

 
 

  V Ti  =  
  Catch

ij 


  

 

 
(1b) 

j 
 VTarget, j  TotalCatchi 



EDF Transfer Effect Compendium 17  

Here, V denotes ‘vulnerability’—a measure of catch rate divided by a measure of population production rate1. Vij 

denotes vulnerability of species i to fishing targeting species j; Vi denotes vulnerability of species i to all fisheries 

combined; VTarget,jj denotes vulnerability of target2  species j to fisheries in which it is the target; VTarget,j denotes 

vulnerability of target species j to all fisheries combined; and similarly for catch. The units of ‘Catch’ in the above 

equations (e.g. individuals, biomass, reproductive value) should be those which best quantify the population impact, 

and should be consistent between numerator and denominator. 

 
What Ti measures is how heavily species i is impacted compared to the average target species, across the fisheries 

in which species i is caught. If species i is more heavily impacted than its average target species (i.e. Ti > 1) then 

fishing all target species at a reference point mortality rate (e.g. FMSY), with current gears and targeting practices, 

would cause species i’s mortality rate to exceed the same reference point—by a factor of Ti. For example, if Ti = 

1.5, then adjusting the magnitude of fishing effort, without changing gear or targeting, would eventually result in 

Fi/FMSY,i = Ti = 1.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1 Because V always enters T in ratios comparing bycatch (i) and target vulnerabilities (Vij/VTarget,jj), there are many acceptable 

ways to define V—e.g. F/FMSY, CPUE/rN, Catch/rN, where r is the intrinsic per-capita growth rate and N is abundance— 

which all end up yielding identical (or nearly identical) T measures because permutations applied to both numerator and 

denominator in Vij/VTarget,jj cancel out (e.g., Catchij/CatchTarget,jj = CPUEij/CPUETarget,jj). 
2 Burgess et al. (2013) use ‘key’ instead of target, where the key species in fishery j is defined as the species whose 
importance to either fishery economics or management make it most likely to drive the upper limit of long-term fishing 

effort. Burgess et al. (2013) provide suggestions for how to identify these key species in practice. 
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Figure 1. (A) A simulation (using the same model as Fig. 1E in Burgess et al. 2013, but with slightly different parameter 

values) of T, F/FMSY, and N/NMSY for a hypothetical weak stock caught in fisheries with very little effort initially but where the 

target species are eventually exploited at maximum sustainable yield (MSY). T predicts in year 0 that overfishing will 

eventually occur, but it does not actually occur until over 20 years later. (B)-(E) Estimates of T, U/UMSY, and N/NMSY for Pacific 

striped marlin populations (adapted from Burgess et al. 2013). 

 
However, because Ti measures relative—rather than absolute—impacts, its ability to identify the long-term threat 

potential of a particular fishery is unaffected by the overall size or age of the fishery. This allows the index T to 

identify potentially threatening fishing practices long before they cause a population decline or an unsustainable 

mortality rate. Figure 1A illustrates this property of T in a hypothetical simulated example, and Figure 1B-E 

provides a real-world example—showing estimates of T, mortality rates (denoted U—a discrete analog of F), and 

assessment histories for two Pacific striped marlin (Kajikia audax) populations (all panels in Figure 1 are adapted 

from Burgess et al. 2013). For both populations (and see Burgess et al. 2013 for other examples), U/UMSY 

approximately converged to T (as predicted by the theory), and measuring T could potentially have identified an 

overfishing threat 50-60 years before overfishing occurred and was detected by a stock assessment (Figure 1D,E). 

 
Identifying  tradeoffs 

Conservation advocacy often frames the objective of protecting threatened bycatch species as being at odds with 

getting maximal yield or profit out of target species. But what if these objectives are actually aligned in some cases? 
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Figure 2. (A) Reductions in total fishing expenditures (a proxy 

for effort) projected by Costello et al. (2016) to be needed for 

MEY, across all target stocks in each FAO fishing area. (B) 

Simulated  distributions  of  average  mortality  reductions  for 

target stocks under MSY (blue) and MEY (red), compared to the 
 

estimated mortality reduction needed to halt the NW Atlantic 

loggerhead population’s decline (Bolten et al. 2011) (black 

dashed line), and sensitivity range (grey). 

We3  became interested in this question through noticing that many of the world’s worst bycatch hotspots (see 

Lewison et al.’s [2014] Fig. 3) coincide with the world’s worst overfishing hotspots (Figure 2A, based on Costello 

et al. 2016). Thus, rebuilding global target stocks to maximize yield or profit would likely require significant 

reductions in fishing effort in bycatch hotspots, which might in turn result in significant reductions in bycatch 

mortality—even if bycatch mortality per-unit-effort (or per-unit-target harvest) did not change. 

 
For 13 of the sea turtle, bird, and marine mammal populations most threatened by bycatch, we are comparing the 

estimates of reductions in bycatch mortality needed to halt their ongoing population declines to the ranges of 

reductions  in  fishing  mortality  their  target 

stocks are estimated to need to sustain 

maximum yield (MSY) or profit (MEY). For 

about half of these populations, we have found 

that rebuilding target stocks to MEY on average 

requires at least as much of a proportional 

reduction in fishing mortality as does halting 

the decline of the bycatch population. This 

suggests a potential alignment of the 

conservation objectives for these populations 

with the economic, biological, and food 

security objectives of rebuilding the target 

stocks. 

 
The results of this study will be presented in full 

in a forthcoming paper, but for an illustrative 

example of our analysis, consider the NW 

Atlantic loggerhead sea turtle (Caretta caretta) 

population. This population is highly 

migratory—spanning the North Atlantic from 

the southeastern United States and Gulf of 

Mexico to Southwestern Europe and the 

Mediterranean, with nesting mostly occurring 

in the southeastern United States (especially 

Florida) (NMFS and USFWS 2008; Wallace et 

al.   2010;   Bolten   et   al.   2011).   A   recent 

assessment of this population (NMFS and USFWS 2008; Bolten et al. 2011) suggests that bycatch mortality (in 

terms of reproductive value) would need to decline by 30% to reverse the population’s ongoing decline (assuming 

all other threats remain unchanged). Of the reproductive-value-weighted bycatch mortality affecting the NW 

Atlantic loggerhead population, Bolten et al. (2011) estimate that 76% comes from bottom trawls, over 90% of 

which comes from shrimp trawls (NMFS and USFWS 2008). Other (non-trawl) demersal fisheries account for 17% 

of remaining RRV-weighted bycatch mortality; pelagic longline fisheries targeting tuna, swordfish, shark, and 

wahoo account for another 7%; and all other fisheries combined account for less than 1% (Bolten et al. 2011). 

Though we do not know exactly how bycatch mortality is distributed among target fisheries within each of these 

 
3These results and discussion are based on ongoing work in collaboration with Brandon Owashi, Grant R. McDermott, 

Lindsey E. Peavey, Tyler Clavelle, Daniel Ovando, Bryan P. Wallace, Rebecca L. Lewison, and Christopher Costello. Please 

do not circulate without permission. 
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broad categories, we can perform a Monte Carlo simulation to quantify the distribution of possible average 

reductions in target fishing mortality across the fisheries impacting the NW Atlantic loggerhead population, under 

both MSY and MEY scenarios (Figure 2B). This analysis suggests that there is a very good chance that fishing 

pressure on target species needs to be reduced by more than 30% on average to achieve either MSY or MEY 

objectives. Thus, to the extent that reducing target fishing pressure translates to similar reductions in total bycatch, 

we conclude that the objective of halting the decline of the NW Atlantic loggerhead turtle population is probably 

aligned with the objectives of target species MSY and MEY, even if current fishing technologies do not improve. 

Of course, improving technologies and fishing practices to reduce bycatch rates would further reduce this tradeoff, 

and is thus still desirable. 

 
Conclusion 

These two case studies illustrate that bycatch threats come in two distinct types—(i) bycatch threats arising because 

a bycatch species is more vulnerable to fishing than are the target species (because of higher catch rates, slower 

population growth, or both), (ii) bycatch threats arising as a byproduct of unsustainable fishing pressure on target 

species. With bycatch threats of type (ii), rebuilding overfished target stocks—which has economic, social, and 

ecological benefits on its own—can have the side-benefit of bringing bycatch to within sustainable levels. With 

bycatch threats of type (i), there is a tradeoff between getting the most value or yield out of the target stocks and 

protecting the bycatch stocks. Measuring the relative impacts of fishing on target and bycatch species allows types 

(i) and (ii) threats (which have very different management implications) to be distinguished from one another, and 

allows type (i) threats to be identified decades before they result in high bycatch mortality rates and severe 

population declines. 
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Summary 

 
There is ample evidence of transfer effects of forest and other natural resource conservation. 

Reductions in timber harvest in one place, for example, could induce more timber harvest elsewhere. 

Protection of a tree species from harvesting could also lead to increased harvesting of other species. 

Such transfer effects can significantly undermine the effectives of conservation efforts and thus 

warrant further attention. 

 
This presentation provides a brief introduction to the concept and measurements of forest 

conservation leakage or transfer effects. Empirical estimates of transnational forest conservation 

leakage via computable general equilibrium modeling are presented, followed by the discussion on 

their implications for reducing emissions from deforestation and forest degradation (REDD) and 

offshore outsourcing as well as the possible impact of illegal logging and timber trade on transfer 

effects. 

 
There are mainly two major transfer effects in forestry: cross-location and cross-species transfer 

effects. These transfer effects stem primarily from market linkages of the same, similar or substitute 

products at the same or different locations. The linkages can have multiple layers, making the 

transfer effects hard to quantify. Several methods have been employed to measure forest 

conservation transfer effects, including wood flows analysis, partial equilibrium analysis, and 

general equilibrium analysis. From wood flows analysis to general equilibrium analysis, the scope of 

linkages considered increases along with the modeling efforts and data requirements. 

 
We devised a computable general equilibrium model, based on the Global Trade Analysis Project 

(GTAP) model and database, to estimate the transnational leakage or transfer effects of forest 

conservation. We found that the magnitude of the leakage associated with non-coordinated 

conservation efforts by individual countries ranges from 42-95%. Coordination among a few 

developed countries or tropical forest countries would not significantly reduce the leakage. This calls 

for broad global coordination in forest conservation, though such coordination itself is challenging. 

 
Our findings have implications for forest carbon sequestration programs such as the REDD and 

offshore outsourcing of wood products. In terms of payments for forest carbon under the REDD, how 

forest carbon leakage should be accounted for remains to be answered. Offshore outsourcing of 

wood products by some developed countries like the U.S. could transfer forest-related environmental 

problems to other places in the world and increase overall carbon footprints of wood products. 

Additionally, illegal logging and associated timber trade has been widespread and particularly severe 

in tropical forest regions. The presence of illegal logging and timber trade reduces the barrier to 

transferring effects from a country to another. Moreover, illegal logging and timber trade often 

targets rare and valuable species, thus causing more detrimental environmental consequences. 

mailto:j-gan@tamu.edu
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Future research can emphasize on assessing cross-species transfer effects, better understanding the 

factors that are attributable to transfer effects, and developing and evaluating mechanisms for 

mitigating transfer effects. Meanwhile, collaboration among researchers in different fields of natural 

resources would be necessary and beneficial. 
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The Transfer Effect Research Workshop, September 28 and 29, 2016 hosted by the Environmental 

Defense Fund and the University of California, Santa Barbara Bren School of Environmental Science & 

Management focused attention and advanced our understanding of Transfer Effects that result from 

fishery management action. 

 
One example of transfer effect can occur when management actions drive the market to shift the 

sourcing of product between fisheries and often countries of origin. The net effects of management 

actions that result in these transfers can be beneficial, neutral or adverse. Greater consideration must 

be given to evaluating the net effects of management alternatives in order to achieve net benefits and 

avoid the unintended adverse consequences. 

 
In 1999, our research group proposed a study of sea turtle bycatch in the Hawaii longline fishery. This 

study was funded in 2001 (Bartram and Kaneko, 2004) near the beginning of the closure of the Hawaii 

swordfish longline fishery. The fishery was temporarily shut down between 2001 and 2004 because of 

legal action regarding the incidental catch of sea turtles in the fishery. The goal of the study was to 

make comparisons of fish produced in Hawaii longline fisheries with others based on the associated sea 

turtle bycatch impacts. This study characterized pelagic longline fishing gear configurations and 

methods. It also collected information needed to estimate Catch Per Unit Effort (CPUE) as well as sea 

turtle Bycatch Per Unit Effort (BPUE). Sea turtle Bycatch to Catch (B/C) ratios were then calculated 

simply as BPUE/CPUE for a common level of effort. It was concluded that Hawaii tuna and swordfish 

were both produced with the lowest sea turtle B/C ratios among pelagic longline fisheries in the Pacific 

(Bartram, Kaneko, Kucey-Nakamura, 2010). 

 
This work led to discussions of the application of B/C ratios to evaluate market transfer effects resulting 

from management action that restricted swordfish production in Hawaii and the market response of 

increasing imports of swordfish. A subsequent study (Sarmiento, 2006) predicted the market transfer 

effect would increase imports of fish to fill the market void created when the Hawaii swordfish longline 

fishery was shut down. A later study (Rausser et al., 2009) documented an increase in US swordfish 

imports during the 2001–2004 closure of the Hawaii swordfish fishery and a possible net increase in 

sea turtle bycatch as a form of transfer effect. 
 

 
Transfer effect of the management action that closed the Hawaii swordfish longline fishery was further 

evaluated with the benefit of US import market data and information on the changes in swordfish 

production in foreign fisheries. As a result of the management action that closed the fishery between 

2001 and 2004, foreign fleets increased swordfish production with a higher rate of associated sea turtle 

bycatch (Chan and Pan, 2012). The unintended net effect of management actions aimed at protecting 

sea turtles in the Hawaii swordfish longline fishery was found to be adverse, resulting in a net increase 

in sea turtle bycatch as foreign fisheries increased fishing for swordfish when Hawaii’s fishery was 

restricted (Chan and Pan, 2016). 
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The closure of the Hawaii swordfish longline fishery serves as a case study that demonstrates the 

existence of transfer effects, the unintended outcome on efforts to protect sea turtles and the 

importance of considering transfer effects during the evaluation of management alternatives. 
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Challenges to compiling and comparing bycatch data 
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One of the central issues that limit the ability to document transfer effects in fisheries is the need for 

comparative rates of non-target catch, termed bycatch, among geographic regions, large ocean areas, fishing 

fleets and fishing gears. These challenges are universal across species but are discussed here relative to sea 

turtles as an example. 
 

The first challenge is where bycatch data are found. Data on bycatch are found in a wide range of literature 

types including peer-reviewed publications, or non-peer reviewed, “grey” literature including ministry, agency, 

or organization technical reports, and conference proceedings or symposia. Reported bycatch data can be based 

on direct observation, in which trained observers record bycatch data on board fishing vessels, or from 

interviews with fishers. A number of projects have worked to compile these disparate data for seabirds, marine 

mammals, and sea turtles across multiple gear types, e.g. Project GLoBAL, or for more focused on marine 

mammals from a single gear type (gillnets), e.g. New England Aquarium. 
 

A second challenge with bycatch data is how to compare disparate data. One issue is often that bycatch data is 

for very specific gear types that may need to be aggregated into large gear type categories, e.g. gillnets, 

longlines, and trawls. These three categories, which include several different gear types within each gear 

category (e.g., bottom trawls and midwater trawls within “trawls”), are recognized by the FAO as major fishing 

gears (described as “gillnets and entangling nets,” “hooks and lines,” and “trawl nets”: 

http://www.fao.org/fishery/topic/1617/en). This type of classification scheme will support comparison among 

different studies, multiple spatial scales, balancing relevant variation and details with a “common denominator” 

approach. 
 

A third challenge is how to account for the metric in which bycatch is reported or the bycatch rate (bycatch per 

unit effort; BPUE). For example, the Project GLoBAL database has 993 records of marine turtle bycatch between 

1990 and 2008 and from this sample, there were as many as 51 different metrics for fishing effort even across 

the three aggregated gear categories (Table 1 from Wallace et al. 2010). Although there were similarities among 

reported metrics within fishing gears, the high variability in terminology and definitions of metrics reflected the 

overall lack of standardized reporting methods across fisheries and regions. Dealing with this non-uniformity in 

reported metrics is a primary issue in terms of comparing bycatch rates. 

http://www.fao.org/fishery/topic/1617/en)
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A fourth challenge to bycatch rate comparisons is the 

impact of the amount of fishing effort that has been 

observed, i.e. the sample size that formed the basis for the 

reported bycatch rate. For all fishing gears, the relationship 

between BPUEs and amounts of fishing effort is nearly 

universal: high bycatch rates typically are based on low 

observed fishing effort, and the higher the observed effort 

in a given region, the narrower the range of BPUEs 

reported (Figure 2 from Wallace et al 2010). This 

phenomenon reflects both the relative rarity of bycatch 

events (Sims et al. 2008) and the disproportionately high 

frequency of bycatch events where fishing activities 

overlap with high turtle densities, particularly in small- 

scale, near-shore fisheries (Lee Lum 2006; Peckham et al. 

2007). Along these lines, it is also possible that high bycatch 

rates determined from relatively little observed effort 

reflect a publication bias in which researchers are more 

motivated to publish high bycatch rates to justify 

conservation action than to publish low bycatch rates. For 

all of these reasons, caution is needed in interpretation of 

high bycatch rates when they are based on low observed 

fishing effort. 
 

The final challenge is gaps in bycatch data. There are 

noteworthy gaps in sea turtle bycatch data in large ocean 

regions, for certain gear types and for certain fisheries 

sectors, e.g. there is a lack of bycatch reports from small- 

scale fisheries around the world, particularly in areas of 

overlap between high densities of marine turtles and 

artisanal fishing activities (e.g., eastern Pacific, Peckham et 

al. 2007; southeast Asia, Chaloupka et al. 2004; East and 

West Africa, Moore et al. 2010). Finally, although it’s easier 
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to aggregate across all sea turtle species, species- and population-specific information is critical, but often 

missing, information. 
 

There is little doubt that bycatch data compilation and comparisons present some specific and, at times, 

formidable challenges for all species that travel across large marine areas, across international borders and 

interact with many different types of fishing vessels from many different countries. Despite these challenges, 

the need to continue to compile, compare and analyze bycatch data from highly migratory oceanic species is 

essential. The evidence is clear - the threats that these fragile species face cannot be addressed with a single 

fishery, single nation or single fishing area approach. To effectively understand the effects of bycatch and 

mitigate bycatch of oceanic species requires a global perspective and an acknowledgement of the complexities 

that are central to multi-national species conservation and fisheries sustainability. 
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Fishing fleets from around the world operate a highly productive and valuable multi-species, multi-gear 
fishery targeting tunas and swordfish in the Atlantic Ocean. This fishery also catches several shark, 
turtle, and other billfish species, incidentally to varying degrees (hereafter ‘bycatch’), some of which are 
threatened and declining. To reduce its pelagic longline (PLL) fleet’s impact on bycatch species in the 
Atlantic Ocean, the U.S. introduced stringent regulations, which lowered the fleet’s bycatch rates but 
also reduced target swordfish catch rates, leading to concerns about the economic stability of the U.S. 
Atlantic PLL fleet. We estimate the “transfer effect” on the mortality of four bycatch species (blue shark, 
blue marlin, dusky shark, and loggerhead turtles) that would result if the U.S. exited the fishery and 
transferred its ICCAT swordfish quota to another fishing country. 

 
We estimate the transfer effect on each bycatch species by first comparing the bycatch intensity of 
swordfish catch across ICCAT fleets, and then evaluating scenarios for U.S. quota transfer. We measure 
the bycatch intensity of swordfish catch for each ICCAT fleet as the ratio of bycatch reproductive value 
(RV) caught per ton of swordfish caught. We measure bycatch in RV units, rather than mass or 
individual units, because RV is the most direct measure of population impact. For instance, it captures 
the fact that catching a sexually mature adult has a greater impact on the population’s growth rate than 

catching a juvenile. If the bycatch intensity is greater for a given fleet, then each unit of swordfish quota 
that fleet gets results in greater harm to the bycatch population. So if the U.S. transferred its quota to 
fleets with greater bycatch intensities, the transfer effect would be positive (meaning more bycatch and 
greater harm to the bycatch population), and vice-versa. 

 
The U.S. catches a relatively small fraction of swordfish, and we find that it also has low bycatch 
intensity compared to most other fleets for most of our study species (e.g., Figure 1 below compares 
bycatch intensities for blue sharks across fleets). As a result, when we project the transfer effect, and 
assume that the receiving country fishes the transferred quota, we generally find a positive transfer 

effect (i.e. more bycatch). When we assume that the unused quota is retained by the U.S., we project a 
very small decrease in overall bycatch for each species (because we estimate that the U.S. is not 
responsible for a high fraction of the current bycatch due to its modest quota holdings and low bycatch 
intensities). 

 
We project the largest transfer effects (i.e. the greatest increases in bycatch RV) for the dusky shark (a 
coastal and IUCN vulnerable species), in the scenario when the U.S. transfers its quota proportionally 
to the other ICCAT countries based on previous swordfish catches (+19.3%), and the smallest transfer 
effect for the blue shark (a pelagic and IUCN near-threatened species) when the U.S. transfers its quota 

proportionally (+2.6%). 
 

While we expect the broad qualitative patterns we find (e.g., relatively low bycatch intensities for the 
U.S. fleet) to be robust, we note significant data gaps that necessitated simplifying assumptions in our 
analysis, and therefore we expect some degree of imprecision in our quantitative results. One especially 
noteworthy source of uncertainty in our analysis was the scenarios for how unused U.S. quota might be 
allocated (or kept). Here, we found no legal guidelines, but anecdotal reports suggested these allocation 
decisions are often made on an ad hoc basis in a geopolitical context larger than the ICCAT fishery. We 

suspect this will also be an important source of uncertainty in transfer effect analysis in other fisheries 
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and sectors. Our analysis highlights the importance of analyzing policy impacts from a global 
perspective in a globalized world. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Percent difference in blue shark RV caught per ton of swordfish relative to the United States 
for 17 countries. Countries included are: Algeria, Belize, Brazil, Canada, China, Taiwan, Greece, Italy, 
Malta, Portugal, Spain, Japan, South Korea, Morocco, Turkey, the United States, and Venezuela. 
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Pan, Minling and Chan, Hing Ling, 2016, Spillover Effects from U.S. Sea Turtle Regulations 
 

 

PIFSC Socioeconomics Program economists, Dr. Hing Ling 

Chan and Dr. Minling Pan, recently published a study that 

examines the spillover effects resulting from US regulations 

for sea turtle protection in the Hawaii longline fishery. The 

research is published in the most recent issue of Marine 

Resource Economics (July 2016, Marine Resource 

Economics 31 (3), 259-79, http://bit.ly/2c6YB7M).  The 

authors show that U.S. bycatch regulations increase total sea 

turtle bycatch in the surrounding North and Central Pacific 

Ocean, due to production displacement and higher foreign 

sea turtle bycatch rates.  This area includes fisheries in the U.S., Japan, Taiwan, China, Korea, Mexico, 

the Philippines, Indonesia, and Australia. 
 

 

The study identifies three conditions that foster this spillover effect: 

1) Turtles and swordfish occur together as a common-pool resource: Hawaii and foreign fisheries share 

the same resource on the high seas in the North and Central Pacific; 

2) Global swordfish production is interrelated: fishing activities of foreign fleets respond to changes in 

Hawaii’s swordfish production; 

3) Hawaii and foreign longline fisheries have different turtle bycatch rates: the turtle bycatch rate in 

Hawaii swordfish fishery is one of the lowest in the world. 
 

 

When the Hawaii fishery is required to limit fishing activity to reduce sea turtle interactions, the activity 

of other, unregulated fleets may change in ways that adversely affect the very species intended for 

protection. As shown in the figures below, non-US swordfish production in the North and Central Pacific 

Ocean increased by 5,500 mt, on average, during the Hawaii swordfish fishery closure period in 2001- 

2004, while US production fell by 2,800 mt annually average over the same period. 

 
 

 

The study tests the relationship between US swordfish production and non-US swordfish production 

attributable to the Hawaii closure in a statistical framework, and finds production displacement between 

US and non-US swordfish production in the North and Central Pacific is nearly one for one. That means 

http://bit.ly/2c6YB7M)
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when the US decreases its swordfish production by one unit, foreign fleets increase their production by 

one unit, and vice versa.  Because most of the foreign fleets have higher turtle interaction rates than 

Hawaii, such production displacement could result in more turtles being caught than would otherwise have 

been caught if the US fishery had remained open. In 2012, Hawaii’s swordfish fishery landed 1,080 metric 

tons of swordfish from the North Pacific Ocean, resulting in interactions with 14 sea turtles (0.013 

interactions/metric ton), based on the 100% observer coverage observer program. Non-U.S. production in 

the same region in 2012 was 30,250 metric tons of swordfish, with 2,256 turtle interactions (0.075 

interactions/ metric ton), based on the estimation of this study. 

This figure below illustrates how the spillover effect occurred in Hawaii longline fishery.  The study 
 

 

examines several scenarios to explore this spillover effect. Under the status quo in 2012, the annual turtle 

interactions in North and Central Pacific were 2,270 interactions. Under a scenario whereby the Hawaii 

longline swordfish fishery increased its effort to the historical level of 5,500 sets, annual turtle interactions 

in North and Central Pacific would decrease by 11% to 2,010 interactions.  Under the scenario that all 

countries had the same turtle bycatch rate as the Hawaii longline fishery, the number of annual turtle 

interactions in North and Central Pacific would drop by 83%, to 392. This study sheds light on the 

effectiveness of US fishing regulations intended for conservation, and the potential for unintended 

consequences that may result. 
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Scorse, Jason, 2016, Summary of Remarks on the Transfer Effect 
 
 
 
 
 
 
 
 
 
 

EDF Market Transfer Effect Workshop: September 28, 2016 
 

Dr. Jason Scorse, Director, Center for the Blue Economy 

Summary of Remarks 

 
I. Why the market transfer effect should not guide US fisheries policy 

 
• While theoretically sound, it is almost impossible to prove. You must prove: 

o a. that the actual fish NOT caught by US fishers due to US regulation are then caught by 

other actors that would NOT have been caught otherwise. 

o b. that the effort these other actors exerted would NOT have occurred were it not for US 
regulation. 

• It creates a false dichotomy between regulating US fisheries and promoting worse foreign actors. 

• It distracts attention from the greater challenge of improving standards across both US and 

international fisheries, and creating transparent and truly sustainable global supply chains. 

 
II. There is inconclusive evidence to support the market transfer effect in the Hawaiian  swordfish 

closure of 2001-2004 

 
• Most use of the market transfer effect as an argument against US fisheries regulation relies on the 

Rausser et al. 2009 study of the Hawaiian swordfishery (and the subsequent work that builds on 

this case). 

• While the evidence these researchers present is suggestive, there is other evidence that suggests 

that the market transfer effect did NOT occur. Specifically, 

 
o 1. The Europeans increased their fisheries’ subsidies by billions and invested in 

swordfish fleet capacity—particularly in Spain—in the years immediately preceding the 

2001-2004 closure (due in large part because of an outbreak of Mad Cow disease); this 

can explain the 2001-2004 increased swordfish catch by non-US fleets. 

o 2. While the foreign fleets did increase their swordfish catch in the Eastern Pacific Region 

during the 2001-2004 period, they increased their catches even more after the Hawaii 

swordfishery opened back up, greatly exceeding the 2001-2004 averages between 

2005-2013. 

o 3. There is research that suggests that the swordfish that are caught in the Hawaii fishery 

do NOT migrate to the areas where the other foreign fleets (notably Spain) operate. 

 
• There are very complicated forces that influence global fishery effort, with one nation’s domestic 

regulations simply one factor among many. 
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• Singling out any one factor as a direct causal link is close to impossible to prove and inconsistent 

with the larger body of theory and evidence as to what drives global fishery effort. 

 
III. Key Takeaways 

 
1. Global fishery effort for a high-valued pelagic that is fished by many countries is determined by a 

very complex mix of factors—price, costs, government subsidies, technology, price of substitutes, 

national regulation, international agreements, behaviors of various individual countries, consumer 

preference, etc. 

 
2. Basing US regulation for any given domestic fishery on the expected changes in the behavior of other 

international actors does not make sense. Instead, the US should: 

 
• base its policy on its own national environmental goals. 

• work to improve international environmental standards across the world. 

• where appropriate, use trade policy to either restrict the importation of foreign seafood products 

or levy other trade measures, against all countries that do not meet US environmental (and/or 

labor) standards. 

• improve seafood traceability, increase consumer awareness, and promote truly sustainable global 

seafood supply chains. 
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Squires, Dale, et al., 2016, Unilateral Conservation under the ESA 
 
 

The text below is drawn from the following working paper, with minor modification: 

CONSERVATION OF GLOBAL PUBLIC GOODS: THE ENDANGERED SPECIES ACT AND 

PACIFIC SEA TURTLES, by Dale Squires, Chin-Hwa Jenny Sun, James Hilger, Valerie Chan, Mark 

Helvey, Samuel F. Herrick, Jr., Stephen Stohs, and Kathleen Segerson, May 2016 

 

 

…Unilateral conservation under the ESA can have unintended spillover impacts through conservation, 

trade, and production leakages and potentially a net conservation decline when those species are global 

public goods. For example, domestic regulations under the ESA that are designed to protect threatened 

or endangered sea turtles, such as closing certain areas to commercial fishing to reduce sea turtle 

bycatch4, can affect production in other countries where bycatch rates are higher (Sarmiento 2006, 

Rausser et al. 2009, Bartram5 et al. 2010, Chan and Pan 2012, 2016; Mukherjee 2015), and hence lead to 

an overall increase rather than decrease in global sea turtle bycatch and mortality. Negative net 

conservation, coupled with the potentially significant costs that ESA-induced restrictions can impose on 

private parties and negative net benefits for the nation, would imply a clear failure to meet the law’s 

objectives…. 

 
Previous studies have tried to quantify spillover effects from unilateral conservation efforts related to 

species that are global public goods. For example, Chan and Pan (2012, 2016) found that closure of the 

Hawaii pelagic shallow set longline swordfish fishery in 2001 led to a net increase in sea turtle mortality. 

Other studies of the Hawaii fishery closure include Sarmiento (2006), Rausser et al. (2009), and Bartram 

et al. (2010) reached a similar conclusion. Through a transfer function analysis to measure trade leakages 

generated by the Hawaii longline closure, Sarmiento (2006) concluded that, because of these leakages, 

unilateral conservation efforts in the U.S. are unlikely to result in an overall reduction in interactions 

between commercial fishing vessels and sea turtles. Rausser et.al. (2009) exploited the pattern of changes 

in US fresh and frozen swordfish consumption both before and after the closure, and 

found there were unintended consequences on endangered sea turtles in other countries that serve the US 
 

 
 

4 Bycatch is the unintended joint capture of another marine species with an intended species. Sea turtles are a public bad 

jointly produced with a private good (usually shrimp or swordfish). 
5 Sarmiento, C. 2006. Transfer function estimation of trade leakages generated by court rulings in the Hawai’i longline 

fishery. Applied Economics 38(2): 183-190. 

Rausser, G., S. Hamilton, M. Kovach, and R. Stifter. 2009. Unintended consequences: The spillover effects of common 

property regulations. Marine Policy 33: 24-39. 

Bartram, P.K., J.J. Kaneko, and K. Kucey-Nakamura. 2010. Sea turtle bycatch to fish ratios for differentiating Hawaiian 

longline-caught seafood products. Marine Policy 34: 145-149. 

Chan, Hing Lin and Minling Pan. 2012. Spillover effects of environmental regulation for sea turtle protection: The case of the 

Hawaii shallow-set longline fishery. NOAA Technical memorandum NMFS-PIFSC-30. Honolulu: Pacific Islands Fisheries 

Science Center, 38 pp. + appendices. 
Chan, Hing Lin and Minling Pan. 2016 in press . Spillover effects of environmental regulation for sea turtle protection: The 
case of the Hawaii shallow-set longline fishery. Marine Resource Economics 31(3). 

Mukherjee, Z. 2015. An economic approach to understanding the international transfer of bycatch from unilateral bycatch 

reduction policies. Marine Policy 51: 190-195. 
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swordfish market. Although these studies have estimated unintended spillover effects that can result 

when one country seeks to unilaterally protect a threatened or endangered species, none of them has 

fully evaluated both the costs and the net conservation benefits (positive or negative) of a unilateral 

conservation effort…. 

 
A.   Similar issues of conservation, production, and trade leakages and potential net welfare losses 

due to unilateral policies arise with other environmental assets (Helvey et al. in press). Leakage 

related to land use and forestry conservation policies occurs on local/national and international 

scales. The “pollution haven hypothesis” arises when higher income industrialized nations send 

environmentally harmful production abroad, import those products, enjoy a less environmentally 

degraded environment, but may actually generate an overall global environmental decline due to 

less stringent regulations and environmental standards, weaker enforcement, or relatively more 

pollution production practices in the nations absorbing the production (Taylor, 2004)…. 

B.  Our results show that unilateral actions under the ESA that fail to account for consumption, 

production, and trade impacts, including leakages, and the global public good nature of relevant 

species can lower both species protection and economic welfare. However, these results do not 

imply that species protection necessarily reduces welfare or adversely impact species protection. 

Rather, the results highlight the need to ensure that regulations that seek to protect U.S. species 

recognize the potential for production, trade, and conservation leakages and negative net welfare 

losses and be correspondingly designed to ensure that they positively impact both populations 

and economic welfare. In practice for a fishery, this entails flexible application of the ESA to a 

well regulated and observed domestic fishery coupled with multilateral rather than unilateral 

conservation collective action for global public goods. Although our case study relates to 

application of the ESA in the U.S., the results are broadly applicable to conservation of marine 

and terrestrial biodiversity for both flora and fauna in all nations across the globe, as well as other 

global public good environmental issues such as curbing emissions of greenhouse gases or ozone-

depleting substances…. 
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Pan, Minling and Li, Shichao, 2015, Evaluation of Fishing Opportunities under Sea Turtle 

Interaction Limits 
 

 

Publication: Pan, Minling and Li, Shichao, 2015, Evaluation of Fishing Opportunities under Sea Turtle 

Interaction Limits – A Decision Support Model for Hawaii-based Longline Swordfish, Xiphias gladius, Fishery 

Management. Marine Fisheries Review, 77:3.  http://spo.nmfs.noaa.gov/mfr773/mfr7733.pdf 
 
 
 

If you ever wondered how much it costs a fishery to save a sea turtle, check out this new study conducted 

by Dr. Minling Pan of the Pacific Islands Fisheries Science Center (PIFSC) Socioeconomic program and 

Dr. Shichao Li, formerly of the Joint Institute for Marine and Atmospheric Research of the University of 

Hawaii. 
 

 

According to their study, the answer to this question is quite straightforward: a fishery’s cost of saving a 

turtle depends on the rate of sea turtle bycatch (unintended and unwanted catch) in the fishery. In short, 

the higher the bycatch rate, the lower the cost to save one sea turtle (through regulating the fishery to 

reduce sea turtle interactions). This finding suggests that it would be more cost effective if sea turtle 

conservation efforts or regulations — such as seasonal or area closures, sea turtle caps, or effort caps — 

take place in fisheries where bycatch rates are high. Given the transboundary nature of sea turtle and 

swordfish populations, these results provide insights into opportunities for fishery managers to explore 

win-win solutions in promoting sea turtle conservation while maintaining sustainable fisheries. 
 

 

To measure the cost of saving one sea turtle in a fishery, Drs. Pan and Li developed a spatial and 

temporal model of sea turtle interactions the Hawaii swordfish fishery. This model enables prediction of 

sea turtle interaction rates associated with each unit of swordfish fishing effort and the economic returns 

of the fishing effort by area and time. Thus, the model can be used to examine the trade-offs between 

saving one sea turtle and the economic returns of fishing operations in different seasons and different 

areas. They used a Generalized Additive Model approach, developed by PIFSC colleagues Kobayashi 

and Polovina (2005), to estimate sea turtle interactions associated with fishing effort in various seasons 

and locations. They added to the model economic returns associated with fishing effort by estimating a 

fishing trip cost function using ongoing trip cost data collected through a collaborative effort between the 

PIFSC Socioeconomics Program and the Pacific Islands Regional Office (PIRO) Observer Program. 

http://spo.nmfs.noaa.gov/mfr773/mfr7733.pdf
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This figure illustrates the loggerhead interactions across months. For both before and after the new 

regulations, the loggerhead catch rate was the highest in the first quarter and lowest in the middle of the 

year (May, June, and July). However, the average monthly interaction rates of loggerhead turtles during 

2004–06, 0.0111 per 1,000 hooks, were approximately eight times lower than the average monthly 

interaction rates from 1994 to 2001, 0.0804 per 1,000 hooks. Note that the scales of the two y-axes in 

Figure 4 are of much different magnitudes before and after the new policy regulations. 
 

 

While sea turtle interactions declined, the swordfish catch rate showed no significant changes under the 

new regulations. As a result, the magnitude of the trade-offs between loggerhead interactions and 

economic returns changed. The study found that between 1994 and 2003, the Hawaii swordfish fishery 

interacted with one loggerhead sea turtle for every 23,000 pounds of swordfish caught. This swordfish 

catch would be valued at approximately $50,000 in 2015 swordfish prices. After NOAA Fisheries 

imposed new regulations on gear and bait in April 2004, the sea turtle bycatch rate for the fishery 

dropped significantly. Thus, in recent years, the fishery has interacted with one loggerhead for every 

238,000 pounds of swordfish caught. This amount of catch is worth $520,000 in 2015 swordfish prices. 

Consequently, the marginal cost to a fishery, in terms of lost revenues, for saving an additional sea turtle 

is higher when the sea turtle bycatch rate is low, the researchers found. 
 

 

While the analysis in this study compares the costs of saving one sea turtle within the Hawaii longline 

fishery, the findings may be applied to the international fisheries with various sea turtle bycatch rates. 
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Appendix 2: Displaced Environmental Impacts - Literature Review 
 

 

The literature review is organized by the most recent paper first and then alphabetically within 

each of the different sections. 
 

 

Fisheries 
 
 

• Helvey, Mark, et al., Can the United States have its fish and eat it too?, Marine Policy 75 (2017) 

62-67. 

 
Both conceptually and through case studies, the authors explore the unintended consequences 

that can occur when environmentally conscious countries with high rates of consumption take 

unilateral action to conserve marine resources, actually shifting ecosystem impacts elsewhere. 

The paper highlights two U.S. fisheries in particular where researchers have studied this 

phenomenon: the Hawaii shallow-set longline swordfish fishery and the West Coast drift gillnet 

swordfish fishery. The authors offer six solutions for broadening the discussion on U.S. marine 

conservation policy and seafood consumption. 

 
• H.L. Chan, M. Pan, Spillover effects of environmental regulation for sea turtle protection in the 

Hawaii longline swordfish fishery, Marine Resource Economics 31 (2016) 259-279. 
 

The study evaluated the change in foreign production rather than simply assuming a complete 

market replacement to determine how turtle interactions potentially changed during the closure 

of the HI longline fishery. The authors quantified the spillover effects in the North and Central 

Pacific Ocean that result from bycatch regulation in the US and found that implementing bycatch 

regulations in HI does not result in a net decrease in turtle interactions in the region due to the 

low domestic bycatch rate. More specifically, if HI increased effort to match its historical peak 

of 5,500 sets, 260 fewer turtles would be caught compared to today where foreign fleets 

dominate. 
 

 

• S. Cunningham, L. Bennear, M. Smith, Spillovers in regional fisheries management: Do catch 

shares cause leakage?, Land Economics 92 (2016) 344-362. 

 
The authors conducted a difference-in-difference analysis on New England catch share programs 

to determine if there is a change in effort across the regional fishing boundaries. The results 

showed an increase in total landings in the Mid-Atlantic region after the groundfish sector 

program was established in New England. However, caution should be taken to better understand 

gains versus simply resource transfers from another region and whether there’s truly a net change 

in landings in the regions as a result of a policy change. 
 

 

• Z. Mukherjee,  An economic approach to understanding the international transfer of bycatch from 

unilateral bycatch reduction policies, Marine Policy 51 (2015) 190-195. 
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The paper evaluates how various supply and demand attributes impact the magnitude of the 

spillover effect. For example, the presence of existing trade policies, property rights, the degree of 

substitutability of fish, and also the willingness to pay a price premium for certain goods, such as 

eco-labeled seafood products, help determine the magnitude of the transfer effect. These supply 

and demand factors are important to evaluate within each country/region in order to determine the 

effectiveness of unilaterally imposed bycatch regulations. 
 

 

• D. Squires, Overview of Transfer Effects: What are they and why should we care? NOAA 

Presentation Slides (2013). 

 
Squires described two main outcomes from regulating swordfish production: trade leakage 

(domestic swordfish demand filled by imports) and production leakage (swordfish fishing effort 

shifted to foreign countries). This ultimately resulted in a net increase in turtle bycatch, increased 

reliance on swordfish imports to fill US consumer demand, and a decrease in profit and 

employment opportunities in the surrounding community due to the decline in domestic 

production/harvest (vice versa for countries from which we’re importing swordfish). 
 

 

• H.L. Chan, M. Pan, Spillover Effects of Environmental Regulation for Sea Turtle Protection: The 

Case of the Hawaii Shallow-set Longline Fishery. NOAA Technical Memorandum NMFS- PIFSC 

30 (2012) 1-37. 
 

 

Chan and Pan quantified the spillover effect 1) on a global scale when foreign swordfish fishing 

dominated US fishing; and 2) on a localized scale when foreign fishermen began fishing in HI’s 

fishing grounds when the domestic HI shallow-set longline fishery was temporarily closed from 

2001 – 2004. The authors concluded that sea turtle bycatch increased and US swordfish harvest 

decreased by ~2,256 MT as a results of the spillover/market transfer effects when the domestic 

swordfish fishery closed and the US relied more heavily on foreign imports to fill consumer 

demand. 
 

 

• Pacific Fishery Management Council, The proceedings of the 2013 managing our Nations 

Fisheries Conference (2013). 
 

 

Closing the Hawaii longline fishery allowed the opportunity for foreign fleets to increase 

swordfish harvest and imports to the US, which presumably did not result in a net decrease in 

turtle interactions. This same idea applies to pollution control whereby industries change 

locations to regions where pollution controls are less stringent. 
 

 

• Paul K. Bartram, J. John Kaneko, K. Kucey-Nakamura, Sea Turtle Bycatch to Fish Catch Ratios 

for Differentiating Hawaii Longline-caught Seafood Products, Marine Policy 34(1) (2010) 145- 
49. 

 

 

Bartram, et al. calculated bycatch to catch ratios for the Hawaii swordfish longline fishery to 

compare the potential difference in sea turtle interaction rates in various longline fisheries. The 
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authors found that ~1 sea turtle interaction resulted from 190,000 kg of tuna harvested, which is 

significantly lower than the China longline fleet which catches 19 turtles per 190,000 kg tuna 

caught, for example. 
 

 

• G. Rausser, et al., Unintended consequences: The spillover effects of common property 

regulations. Marine Policy, 33(1) (2009) 24-39. 

 
Rausser, et al. conducted a bootstrap analysis to quantitatively estimate how the number of turtle 

interactions changed while the Hawaii LL fishery was closed. The analysis estimated that an 

additional 2,882 sea turtle interactions occurred with over 1,600 mt of swordfish harvested by 

foreign fleets and imported to the US. A year after the HI fishery reopened, there was a 

statistically significant decline in imports from many regions. 
 

 

• C. Sarmiento, Transfer function estimation of trade leakages generated by court rulings in the 

Hawaii longline fishery. Applied Economics 38 (2006) 183-190. 

 
A transfer function analysis was conducted to evaluate the effect of the HI LL closure on trade 

leakages of swordfish to foreign fleets due to an emergency court ruling to protect sea 

turtles/reduce sea turtle bycatch under the Endangered Species Act (ESA). The authors found 

that to truly reduce turtle interactions, fishing grounds should be closed but restrictions should 

also be placed/enforced on foreign swordfish imports for fleets fishing in the domestically closed 

fishing grounds. Their analysis showed that fishing effort transferred from Hawaii longline to 

other countries, thus, reduction in turtle interaction is most likely not reduced. 
 

 

• Paul K. Bartram, J. John Kaneko. Catch to Bycatch Ratios: Comparing Hawaii’s Longline 

Fisheries with Others, University of Hawaii, Joint Institute for Marine and Atmospheric 

Research, SOEST Publication, JIMAR Contribution 04-352 (2004). 
 

 

Bartram and Kaneko quantified bycatch per unit effort and catch per unit effort indices for the 

Hawaii tuna longline fishery to measure the transfer effect from Hawaii’s fishing regulations. 

They found that the catch to bycatch ratio for the Hawaii fleet is lower than the majority of the 

other fisheries evaluated in the study. By reducing the production of Hawaii’s longline fishery, 

the environmental impact of catching bycatch is displaced to other regions. 
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Emissions 
 
 

• D. Ghertner, A. Asher, M. Fripp, Trading away damage: Quantifying environmental leakage 

through consumption-based, life-cycle analysis, Ecological Economics 63 (2007) 563-577. 

 
This study used a life-cycle assessment to quantify the environmental impact of trading namely 

through global warming potential, energy, toxics, and air pollutants and found that there is 

significant leakage to the countries from which the US imports. The displacement resulted in a 

leakage of between 10% (for Volatile Organic Compounds) and 80% (for toxic chemicals), with 

25% leakage for global warming production and energy, where scale was the main driver of 

magnitude of displacement. The authors discuss a change to the Environmental Kuznets Curve 

suggesting that as environmental impacts are transferred to the countries from which we import, 

our environmental impact actually increases with an increase in income. 
 

 

• A. Bruvoll, T. Faehn, Transboundary effects of environmental policy: Markets and emission 

leakages, Ecological Economics 59 (2006) 499-510. 

 
The authors quantified the effects of a carbon tax on two policy scenarios: 1) the tradeoff 

between a cleaner environment of a rich country versus a country that is affected by the 

displacement of the rich country’s emissions through trade effects, and 2) the extent to which 

abatement costs are shared among the other players of the market, namely the suppliers. The 

pollution leakage effects cause the national abatement policies to be less effective as the leakage 

effects primarily impact countries with fewer environmental policies/regulations. The 

environmental and economic costs of the imported country should be taken into account of the 

importing country’s national policies on global warming and environmental regulation. 
 

 

• M.A. Cole, U.S. environmental load displacement: examining consumption, regulations and the 

role of NAFTA, Ecological Economics 48 (2004) 439-450. 

 
The number of imports to the US have increased dramatically in recent decades consequently 

causing an emissions displacement to other countries from which we import most including 

Mexico. Some reasons for this emissions load displacement include the quantity and type of 

goods US consumers demand, percentage of imports with corresponding type of sector 

(pollution-intensive) for which the goods are produced, and also differences in environmental 

regulation between the US and countries from which the US imports. The authors evaluated 

emissions displacement using a metric called BEET, a measure of emissions produced from 

imported goods less emissions produced from exports, and found that the US has a positive 

BEET. 
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Land Use 
 
 

• P. Meyfroidt, E.F. Lambin, K.H. Erb, T.W. Hertel,  Globalization of land use: distant drivers of 

land change and geographic displacement of land use, Current Opinion in Environmental 

Sustainability 5 (2013) 438-444. 
 

 

The authors modeled the flow of consumer goods between international producers and 

consumers to help determine the land use leakage or imbalance of environmental impact from 

trade, which resulted in 24% of the land footprint globally. Exporting timber harvest to other 

countries is one example in which the authors suggest is destructive not only for environmental 

degradation but also to consumer illusion as the US’s forests remain intact. More research is 

needed to link land use and optimal production such that global productivity is enhanced and 

environmental impacts like deforestation are better balanced such that the negative externalities 

are reduced. 
 

 

• J. Weinzettel, E.G. Hertwich, G.P. Peters, K. Steen-Olsen, A. Galli, Affluence drives the global 

displacement of land use, Global Environmental Change-Human and Policy Dimensions 23 

(2013) 433-438. 
 

 

A supply chain analysis was conducted analyzing the initial land and ocean area use through 

consumption of the good. As income doubled, the analysis showed a significant increase in land 

and ocean area by about three times in high-income areas like Japan and Europe due to the 

increase in imports and the desire to retain the area for nature. International trade should be taken 

into account when quantifying total land displacement for sustainable land and resource 

management as global food demand is expected to double. 
 

 

• T. Kastner, M. Kastner, S. Nonhebel, Tracing distant environmental impacts of agricultural 

products from a consumer perspective, Ecological Economics 70 (2011) 1032-1040. 
 

The authors used matrix algebra to create a framework to help determine the linkage between 

where products are produced and where these products are directly consumed in order to better 

understand environmental impacts along the supply chain as trade is becoming increasingly 

global. The study evaluated soy production and consumption in Austria and found that many of 

the imports pass through more countries than initially included in the input data and the main 

impacts of soy production are land and water use, with Austria consumption using 156 kha of 

land in Latin America, for example. Austria’s soy consumption is used as an example case study 

for how this approach can be applied to other country’s goods to estimate associated land and 

water use along with other environmental impacts for a given amount of consumption. 
 

 

• Lambin, Eric F. and Patrick Meyfroidt. Global land use change, economic globalization, and the 

looming land scarcity (2011) 3465-3472. 

 
In order to sustainably manage forests on a large scale, land use displacement effects should be 

considered especially in light of increased globalization through trade and limited land 
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availability. Human populations as well as natural resource extraction like timber harvesting are 

displaced to countries where conservation efforts and policies are less stringent. Timber harvest 

was found to significantly increase outside of conservation areas in the US Pacific Northwest and 

in the Amazon in Peru, for example. A general equilibrium model showed a 65% displacement 

effect for timber harvest to tropical forest countries while a different econometric model showed 

a displacement of 1 hectare of virgin forest in remote regions for every 20 hectares of forest 

conservation in North America and in Europe. 
 

 

• M. Kissinger, W. Rees,  Importing terrestrial biocapacity: The U.S. case and global implications, 

Land Use Policy 27 (2010) 589-599. 

 
The focus of this paper discussed the gap in knowledge of where goods are produced, where the 

goods are consumed, and the resulting displacement of environmental impacts. The authors note 

that these trade-related displacements should be accounted for and relayed to consumers to better 

understand the net global environmental degradation of trade and the feedback between 

consumption and ecosystem health, especially in light of increased consumer demand and 

globalization. Trade agreements and international management must acknowledge the problem 

that land displacement has on a growing economy with limited natural resources under a changing 

climate and increased consumption. 
 

 

• P. Meyfroidt, T. Rudel, E. Lambin,  Forest transitions, trade, and the global displacement of land 

use, Proceedings of the National Academy of Sciences of the USA 107 (2010) 20917-20922. 
 

The authors evaluated the offsetting or leakage that resulted from a net deforestation to 

reforestation in developing countries and found that there is an estimated 52% of net 

displacement from reforestation projects in developing countries. Overall, for countries 

undergoing reforestation, as forest cover increases, net displacement significantly increases. The 

net displacement on a global scale from reforestation, however, has decreased as more countries 

are importing agriculture products to meet consumer demand. Furthermore, the quality of the 

reforested ecosystems is not necessarily equivalent to virgin forest. 
 

 

• K.H. Erb, F. Krausmann, W. Lucht, H. Haberl, Embodied HANPP: Mapping the spatial 

disconnect between global biomass production and consumption, Ecological Economics 69 

(2009) 328-334. 
 

 

The study characterized regions as either net-producing or net-consuming based on biomass 

removals and land use changes to determine land displacement and found that rural areas are net- 

producers while densely populated areas are net-consumers. This is not necessarily analogous to 

a transfer of net production from developing to industrialized countries as high density 

developing countries also have high consumption rates. Because trade is expected to continue to 

increase over time, sustainability policies and management should focus on the trade effects on a 

broader, global scale to more accurately depict total environmental impacts, namely biomass 

removal for food, feed, and fuel and net primary production losses through land use changes and 

destruction. 
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• P. Meyfroidt, E. Lambin, Forest transition in Vietnam and displacement of deforestation abroad, 

Proceedings of the National Academy of Sciences of the USA 106 (2009) 16139-16144. 
 

 

Vietnam’s reforestation efforts were successful in increasing tropical rainforest cover, however, 

almost 40% of forest harvest was displaced to other countries (meaning ~60% of Vietnam’s 

regrowth wasn’t transferred). The displacement due to harvest restriction policies resulted in a 

displacement of almost 60% and displacement from increased demand was 42%. Another major 

finding was the extent of illegal harvest – almost half of the timber imports were extracted 

illegally. 
 

 

• J. Gan, B.A. McCarl, Measuring transnational leakage of forest conservation, Ecological 

Economics 64 (2007) 423-432. 
 

 

The paper used a general equilibrium model to quantify the magnitude and extent of international 

leakage and found that harvest displacement depended upon elasticities of supply and demand 

for timber along with like-minded conservation goals/initiatives and cooperation among various 

countries. On a smaller scale, leakage should still be incorporated when evaluating net timber 

harvesting and conservation goals. Most of the leakage is displaced to developing countries 

where tropical rainforests are subject to further risk. 
 

 

• P.J.C. Oliveira, G.P. Asner, D.E. Knapp, A. Almeyda, R. Galvan-Gildemeister, S. Keene, R.F. 

Raybin, R.C. Smith, Land-use allocation protects the Peruvian Amazon, Science 317 (2007) 

1233-1236. http://www.portalces.org/sites/default/files/migrated/docs/1251.pdf 

 
The authors evaluated the leakage effect of timber harvest when one region passed legislation 

prohibiting clearcutting and resulted in over 450% increase in disturbance and over 300% 

increase in deforestation rates in the surrounding area. In order to prevent leakage and help 

sustainably manage forests, areas surrounding the policy-affected sites should be monitored to 

prevent clearcutting. 
 

 

• A.L. Mayer, P.E. Kauppi, P.K. Angelstam, Y. Zhang, P.M. Tikka,  Importing timber, exporting 

ecological impact, Science 308 (2005) 359-360. 

 
On a global scale, if there is an increased desire for forest protection but demand for timber either 

remained constant or increased in Asia and Europe, displacement of timber harvest would result 

in developing or nearby countries such as Russia. A discussion on China and Finland’s 

reforestation efforts was analyzed while Russia’s conservation and logging objectives were 

mutually discussed. To significantly aid in forest conservation on a global scale, consumer 

demand should decrease, intensification on in-use forest plantations should increase, and logging 

practices should become more efficient. 

http://www.portalces.org/sites/default/files/migrated/docs/1251.pdf
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• B.C. Murray, B.A. McCarl, H.C. Lee, Estimating leakage from forest carbon sequestration 

programs, Land Economics 80 (2004) 109-124. 

 
Land use change, namely deforestation and afforestation, is known to cause significant 

environmental displacement with a range of 10 to 90% which has important greenhouse gas 

mitigation strategy implications because regardless of where greenhouse gases are produced, there 

are significant global impacts as a result of carbon sequestration. The paper evaluated small forest 

conservation projects to test the impact and portfolio of climate mitigation strategies and found 

that even though the projects are small, the leakage benefits can be large despite what previous 

studies found. Furthermore, the leakage effect is dependent upon whether the forest is more or less 

carbon dense: the latter causes a greater leakage as more harvest is diverted to another region that 

is most likely more carbon-rich such as the Pacific Northwest of the US. 
 

 

• B. Sohngen, S. Brown,  Measuring leakage from carbon projects in open economies: a stop 

timber harvesting project in Bolivia as a case study, Canadian Journal of Forest Research-Revue 

Canadienne De Recherche Forestiere 34 (2004) 829-839. 
 

 

The authors evaluated the displaced carbon emissions from timber extraction in Bolivia and 

found a percent leakage of 5-42% with a 0% discount factor (2-38% with discounting). As a 

comparison, in a developed country such as the United States, carbon displacement can range 

from 10% to as high as 90% from reforestation projects (depending on the scale of the project 

and timber production). Because the amount of harvest done in Bolivia is small, the change in 

harvest will not significantly affect timber prices globally. The amount of leakage decreased 

when there was 1) a small change in price resulting in a large change in quantity and 2) an 

increase in decomposition rate resulting in a decrease in overall carbon emissions. 

Environmental displacement was also found to depend upon the project funding/equipment 

limitations but to a lesser extent. 
 

 

• D.N. Wear, B.C. Murray,  Federal timber restrictions, interregional spillovers, and the impact on 

US softwood markets, Journal of Environmental Economics and Management 47 (2004) 307- 
330. 

 
Leakage effects are discussed in the timber industry. In the US, for example, timber harvest 

decreased by over 2 billion board feet but subsequently resulted in an increase in harvest by 1.7 

billion board feet outside of the US. The US had a leakage factor of 58% and timber harvest in 

Canada increased by 550 million board feet. Because consumer demand is high for timber, if one 

place restricts timber extraction, then the harvest and consequently the environmental 

degradation is transferred to another region in order to fill consumer demand. 
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• M. Berlik, D. Kittredge, D. Foster, The illusion of preservation: A global environmental argument 

for the local production of natural resources, Journal of Biogeography 29 (2002) 1557- 
1568. 

 
This theoretical paper discusses how affluent countries have high consumer demand but are 

conservation focused, resulting in a displacement of environmental impact in developing 

countries and an overall net increase in environmental degradation in order to fill consumer 

demand. The US, for example, could reduce displacement of harvest extraction by using 

alternative goods to wood, lower consumption of natural resources, increase forest conservation, 

and increase intensification of production in areas where the land is already in use. Massachusetts 

is used as a case study as this state is affluent, has high consumer demand, is 

heavily forested, and relies heavily on imports. Three solutions that could result in a net decrease 

in environmental impact while meeting consumer demand include: decrease consumption, 

increase recycling of wood products, and a better balance of conservation and harvest goals. 
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Global Consumption and the Spillover Effect 
 
 

• T. Wiedmann, H. Schandl, M. Lenzen, D. Moran, S. Suh, J. West, K. Kanemoto, The material 

footprint of nations, Proceedings of the National Academy of Sciences of the USA 112 (2015) 

6271-6276. http://www.pnas.org/content/112/20/6271.full.pdf 
 

 

The authors evaluated how natural resource use has changed over time to test whether developed 

countries have begun to use fewer resources but the authors concluded this was not the case. 

Affluent countries are relying more heavily on importing resources from other countries. 

Furthermore, the study showed that the resource productivity indicators policymakers’ use are 

not accurate as these indicators don’t account for the full supply chain material use of resources. 

These countries appear as though they are being resource-efficient. However, this is not the case 

when imports and raw materials are incorporated into analyses. 
 

 

• H. Selles, The relative impact of countries on global natural resource consumption and 

ecological degradation, International Journal of Sustainable Development and World Ecology 20 

(2013) 97-108. 
 

 

Selles ranked countries by their environmental impact, especially the magnitude of resource use 

and consumption where the rankings are based on energy, marine fisheries, forestry, freshwater, 

and agriculture resource consumption along with biodiversity, carbon emissions, forest losses, 

and agricultural land use change or degradation impacts. The top 20 countries with the highest 

natural resource consumption caused 74% of global environmental impact for three of the 

ranking variables. Environmental impact, however, did vary within an income group. 
 

 

• M. Lenzen, D. Moran, K. Kanemoto, B. Foran, L. Lobefaro, A. Geschke,  International trade 

drives biodiversity threats in developing nations, Nature 486 (2012) 109-112. 

 
The authors show that international trade caused 30% of threatened species cases, which tended 

to occur in developing countries instead of where the majority of actual resource consumption is 

occurring. Biodiversity losses were a focus of the research; main causes include consumption of 

coffee, tea, and sugar, for example, originally extracted abroad. A global perspective should be 

taken to understand the net environmental impact of international trade and the linkages between 

goods extracted and the effect on species. 
 

 

• C. Bradshaw, X. Giam, N. Sodhi, Evaluating the relative environmental impact of countries, 

PLoS ONE 5 (2010) e10440. 
 

 

Bradshaw, et al. ranked countries by their environmental impact by total resource availability per 

country and by total environmental impact, such as forest loss, habitat conversion, water 

pollution, and others. Singapore and Korea had the highest total proportional resource 

http://www.pnas.org/content/112/20/6271.full.pdf
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availability, while Brazil and the US had the highest environmental impact, signifying a 

correlation between an increase in wealth and environmental impact. 
 

 

• E.G. Hertwich,  Life cycle approaches to sustainable consumption: A critical review, 

Environmental Science & Technology 39 (2005) 4673-4684. 
 

 

This theoretical paper discussed the importance of using Life Cycle Assessment and input output 

analyses as frameworks to inform sustainable resource consumption management and policies. 

Better study designs are needed, however, because resource consumption data are from spending 

surveys. 
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Appendix 3: Transfer Effect Workshop Agenda, September 28-29th, 2016 
 

 

Tuesday, September 27th
 

Arrivals/hotel check-in (Pacifica Suites – Goleta) 4:00-7:00pm 
Reception at hotel 5:00-7:00pm 

 
Wednesday, September 28th

 

Breakfast at hotel 7:30-8:30am 
Shuttle to UCSB 8:30am 

 
Welcome & Opening Remarks 8:45-9:00am 

 
Transfer Effect Overview – Presentation followed by Q&A Discussion 
Consumption: The Overlooked Part of Conservation Policy  9:00-9:45am 
Mark Helvey, Sustainable Seafood Consultants 

 
Break 9:45-10:00am 

 
Case Studies and Perspectives – Presentations followed by Q&A Discussion 
Evidence and Measurement of Transfer Effects: the Case of Forest  10:00-10:40am 
Conservation Leakage 
Jianbang Gan, Texas A&M University 

 
Saving More Turtles? -- The Spillover Effects of Environmental  10:40-11:20am 
Regulation for Sea Turtle Protection in the Hawaii Longline Fishery 
Minling Pan, NOAA Pacific Islands Fisheries Science Center 

 
Bycatch Transfer Effects following Decline in U.S. PLL Fleet  11:20-12:00pm 
Kat Millage and Lily Tsukayama, Ocean Analytics 

 
Lunch (on-site; catered) - MSI Deck (2nd Floor) 12:00-1:00pm 

 
Case Studies and Perspectives Cont. - Presentations followed by Q&A Discussion 
Production, Consumption, and Conservation Leakages: The Endangered  1:00-1:45pm 
Species Act, the California Drift Gillnet Fleet, and Pacific Sea Turtles 
Dale Squires, NOAA Southwest Fisheries Science Center 

 
Strategic Fisheries Recovery  1:45-2:30pm 
Chris Costello, Bren School, UCSB 

 
An Argument against Using the Market Transfer Concept in Fisheries Policy  2:30-3:15pm 
Jason Scorse, Center for the Blue Economy 

 
Break 3:15-3:30pm 

 
Challenges/Opportunities for Transfer Effects Research 
Roundtable discussion  3:30-4:45pm 
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Wednesday, September 28th (cont.) 
Shuttle to hotel 4:45-5:00pm 

 
Shuttle to dinner 5:45pm 

 
Reception & dinner 6:00-8:00pm 
Location: Chuck's Waterfront Grill & Endless Summer Bar-Cafe 
113 Harbor Way Suite 180 
Santa Barbara, CA 93109 

 
Thursday, September 29th

 

Breakfast at the hotel 7:30-8:30am 
Shuttle 8:30-8:45am 

 
Opening Remarks 8:45-9:00am 

 
Identifying Opportunities to Improve Methodologies 
Recap from the First Day of the Workshop  9:00-9:30am 
Kathy Segerson, University of Connecticut, and Scott McCreary, CONCUR Inc. 

Breakout sessions on individual topics  9:30-10:30am 

Break 10:30-10:45am 

Identifying Opportunities to Improve Methodologies cont. 
Groups report out and roundtable discussion  10:45-12:00pm 

 
Lunch (on-site; catered) - MSI Deck (2nd Floor) 12:00-1:00pm 

 
From Research to Management: the Transfer Effect and Decision-Making 
Perspectives:  Mark Helvey, Sustainable Seafood Consultants 1:00-2:00pm 

Rebecca Lent, Marine Mammal Commission 

George Silva, NOAA Atlantic/Gulf HMS Division 

Rebecca Lewison, San Diego State University 

Followed by roundtable discussion 

 
BREAK 2:00-2:15pm 

 
Building Interdisciplinary Collaborations/Next Steps 
Roundtable discussion                                                                                                           2:15-3:15pm 

Concluding Remarks                                                                                                              3:15-3:30pm 

Adjourn                                                                                                                                  3:30pm 



EDF Transfer Effect Compendium 51  

Appendix 4: Workshop Participants 
 

 

EDF/UCSB Transfer Effect Workshop 

September 28th and 29th, 2016 

   

NAME AFFILIATION EMAIL 

Steve Gaines Bren School, UCSB gaines@bren.ucsb.edu 

Chris Costello Bren School, UCSB costello@bren.ucsb.edu 

Michaela Clemence UCSB/Ocean Analytics mclemence@bren.ucsb.edu 

Matt Burgess Bren School, UCSB mburgess@bren.ucsb.edu 

Brandon Owashi UCSB/Ocean Analytics brandon.owashi.sfg@gmail.com 

Hunter Lenihan Bren School, UCSB lenihan@bren.ucsb.edu 

Dan Ovando Bren School, UCSB dovando@bren.ucsb.edu 

Katherine Millage Ocean Analytics millagek@gmail.com 

Lily Tsukayama Ocean Analytics tsukayamalily@gmail.com 

Huff McGonigal Environmental Defense Fund huff@fathomconsult.com 

Jennifer Couture Environmental Defense Fund jcouture@edf.org 

Shems Jud Environmental Defense Fund sjud@edf.org 

Katie Westfall Environmental Defense Fund kwestfall@edf.org 

Melissa Mahoney Environmental Defense Fund mmahoney@edf.org 

Dale Squires NMFS, SWFSC dale.squires@noaa.gov 

Zinnia Mukherjee Simmons College zinnia.mukherjee@simmons.edu 

J. John Kaneko PacMar Inc. john@hawaii-seafood.org 

Minling Pan NMFS, PIFSC minling.pan@noaa.gov 

George Silva Atlantic/Gulf HMS Division george.silva@noaa.gov 

Mark Helvey Sustainable Seafood Consultants markhelvey2@gmail.com 

Kathy Segerson University of Connecticut kathleen.segerson@uconn.edu 

Jason Scorse Center for the Blue Economy profscorse@gmail.com 

Ron Tardiff Environmental Defense Fund rtardiff@edf.org 

Kat Mah Environmental Defense Fund kmah@edf.org 

Scott McCreary Concur, Inc. scott@concurinc.net 

Rebecca Lewison San Diego State University rlewison@mail.sdsu.edu 

Rebecca Lent Marine Mammal Commission rlent@mmc.gov 

Jianbang Gan Texas A&M University j-gan@tamu.edu 
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