
Mar�t�me d�sasters are often appra�sed us�ng cont�ngent valuat�on methods, desp�te the�r weak 
connect�on to measurable ecolog�cal damage. Th�s paper uses satell�te-based measurements and a 
synthet�c d�fference-�n-d�fferences des�gn to est�mate ecolog�cal losses at sea �n a scalable way. 
Apply�ng the approach to major o�l sp�lls worldw�de, I f�nd that large sp�lls generate pers�stent 
ecosystem damage: ten years later, the ocean’s capac�ty to support f�sh b�omass �s about 20 percent 
lower. The �mpl�ed econom�c losses reach up to USD 1.84 b�ll�on for a s�ngle sp�ll. These damages 
far exceed observed f�nanc�al compensat�on, suggest�ng that ex�st�ng l�ab�l�ty frameworks 
substant�ally undervalue mar�ne ecosystem losses.
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Abstract

➭ Mar�ne ecosystems const�tute the largest carbon s�nks: Phytoplankton 
    commun�t�es alone accounts for nearly half of global carbon f�xat�on [1]

➭ Th�s �s three t�mes more than the Amazon forest, the "lung of the Planet"!

➭ Yet, econom�c research on carbon s�nks has focused on land use w�th barely 
    any research on mar�ne ecosystems.

➭ Econom�c valuat�on dr�ven by WTP/WTA methods such as cont�ngent valuat�on surveys [2,3,4].
     

➭ Anthropocentr�sm: Dr�ven by human percept�on/w�ll�ngess to avo�d d�sasters.
          
          ➭ Ineff�c�ency: T�me consum�ng and expens�ve to conduct.
          
          ➭ Unscalab�l�ty: D�ff�cult to repl�cate, lead�ng to benef�t-transfer methods.

➭ O�l sp�ll d�sasters, �n part�cular, endanger mar�ne l�fe, exacerbate ocean ac�d�f�cat�on, and d�srupt 
    ecosystem balance [5, 6]
  

Econom�cs Research �s Lack�ng

What are the long-term env�ronmental and 
econom�c �mpacts of o�l sp�lls on mar�ne ecology?

Research Quest�on

Th�s Paper

Approach:
      ➭ I follow 14 o�l sp�lls worldw�de (2009-2011; F�gure 1), look�ng at �mpacts after 10 years.

      ➭ Satell�te data: Copern�cus Global Ocean Phys�cs Reanalys�s as pr�mary analys�s data.

      ➭ Causal Inference: Est�mat�on of damages v�a Synthet�c D�fference-�n-D�fferences [7]

      ➭ T�m�ng: ≥10 years pre-treamtent (1998),  ≥10-years post-treatment (2020).

Contr�but�ons:
      ➭ Ecolog�cal focus: Ident�fy long-run ecosystem damages by assess�ng the mar�ne ecolog�cal
          health, prov�d�ng a data-dr�ven, scalable alternat�ve to trad�t�onal econom�c valuat�on.

      ➭ Non-convex Impact: Recover some of the extent and shape of ecolog�cal damage funct�on.

      ➭ Pol�cy Relevance: Opt�mal l�ab�l�ty rules, �ncent�ves for prevent�on, and d�saster response.

      ➭ Trans-d�sc�pl�nary: Br�dg�ng env�ronmental valuat�on and econom�c valuat�on.

Results
Benchmark Model Event-Study: Small Sp�lls

➭ 10 years after the sp�lls, on average, I f�nd non-convex damages:

➭ Large sp�lls: pers�stent decl�ne:

     ➭ 26% decrease �n Cphyto, 

       ➭ 16% decrease �n Chl-α, and 

       ➭ 20% decrease �n SFB,

➭ Small sp�lls: no s�gn�f�cant �mpact

Robustness & sens�t�v�ty of model:

➭ D�verse set of alternat�ve spec�f�cat�ons:

       ➭ Alternat�ve resolut�ons,

       ➭ Alternat�ve d�stances for pools of donors,

       ➭ Added covar�ates based on aforement�oned factors.

➭ Monte Carlo exper�ment to val�date �dent�f�cat�on strategy.

➭ Results: F�nd�ngs are robust to alternat�ves, changes �n 
    est�mates are as expected.

Event-Study: Large Sp�lls

➭ Solves to obta�n �mpact est�mate coeff�c�ent β where:

➭ Y�t �s the dependent var�able at year t for p�xel �,
➭ γ� and δt are the p�xel and year f�xed-effects,
➭ D�t            �nd�cates whether a p�xel �s treated or not,
➭ ω� and λt are the est�mated un�t and t�me we�ghts.

Benchmark Model:
➭ No covar�ates,
➭ Treated areas: 45-k�lometer �nner per�meter,
➭ Untreated areas: 100 to 200 km from sp�ll, 80 km from the coast.

Data & Methodology

Synthet�c D�fference-�n-D�fferences

➭ Global �nformat�on on sp�lls are scattered and �ncomplete.

➭ I use mult�ple off�c�al & expert sources to collect sp�ll dates, locat�ons, sp�ll volume, 
     and compensat�on.

       ➭ Two ma�n categor�es: Small sp�lls (≤750 tons), large sp�lls (>750 tons)

       ➭ One outl�er: Deepwater Hor�zon sp�ll.

Chl-α: Intens�ty of lux of carbon
CPhyto: B�omass of phytplankton carbon
SBF: F�sh b�omass that ecosystem can support

Env�ronmental: Sea sal�n�ty and temperature
Hydrolog�cal: Ocean current d�rect�on and veloc�ty
Human factors: F�sh�ng hours & vessel frequency

Dependent Var�ables Add�t�onal Controls

Formulat�on V�sual�zat�on
(For one sp�ll)

Treated

F�gure 1. Locat�ons and names of o�l sp�lls used �n th�s study.

Deepwater Hor�zon, US (2010)
Source: Off�ce of State Gov.t of Lou�s�ana
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Econom�c & Pol�cy Impl�cat�ons

Approach:

➭ Monet�ze plankton �mpact through quant�f�cat�on 
     of B�olog�cal Carbon Pump [8]

➭ Monet�ze damage on f�sh l�fe through 
     quant�f�cat�on of real econom�c f�sh value [9]

➭ Cost est�mates for 1 sp�ll can reach $1.84B,

➭ Prest�ge sp�ll’s damages, desp�te be�ng 50 t�mes 
     the volume of X�ngang Port sp�ll, are comparable.

What does �t mean?

➭ Decl�ne �n CO2-capture exacerbates ocean ac�d�f�cat�on, a cl�mate t�pp�ng po�nt.

➭ Outdated & harmful d�saster-response pol�c�es w�th used for o�l removal such as 
     chem�cal d�spersants worsen outcomes for phytoplankton commun�t�es.

➭ Sp�ll-affected areas are h�gh-rar�ty and -r�chness: s�gn�f�cant b�od�vers�ty �mpact.
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