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Scientific knowledge of marine pollution and oil spill response (OSR) innovation has diffused over half a century.
Local community resilience to spills and the equitable application of knowledge worldwide are constrained by
several barriers. These range from access, governance, cost minimisation, through austerity and poverty in
affected areas, to realpolitik (e.g. vested interests, nationalism, corruption, security breakdown and war).
Ongoing incidents show inequalities in spill risk and OSR capability. Advances in knowledge have belatedly
brought us to the conclusion that the logical way to reduce adverse impacts of oil in an era of global warming is
to accelerate decarbonisation. This would rapidly and simultaneously reduce the frequency, magnitude and
consequences of oil spills. Meanwhile, mitigating spills, managing OSR, and restoring local communities and
ecosystems at spill sites are fundamental obligations for the oil industry. These obligations should be routinely
enforced by all responsible governments, and backed by inter-governmental agencies and conventions. However,
we must no longer assume that even the best practices in exploration, production, refining, transport and con-
sumption of hydrocarbons can adequately reduce their leading role in the ongoing destruction of the global
environment.

1. Introduction petrol was phased out from 1975 in USA, from 1983 in UK (after Royal
Commission on Environmental Pollution), and completed in 1999. Some
countries acted on ozone layer depletion in 1978, and (after work by

British Antarctic Survey), the 1987 Montreal Protocol phased-out chlo-

1.1. Background

Aged fourteen and led by an ex-wildfowler parent, two of the authors
had already visited the UK’s teeming seabird colonies on Handa Island,
Bass Rock, Farne Islands and Skomer Island. Seeing the ‘Torrey Canyon’
oil spill on TV on March 18, 1967 was a terminal shock to childhood.
Marine oil pollution suddenly became the environmental hot topic
internationally for the public. The background was one of increasing
concern over persistent organochlorine pesticides, highlighted in USA
by Rachel Carson (1962). Cold war tensions came to a head that year in
the Cuban missile crisis. Although Pacific nuclear bomb tests continued
into the 1990s, a treaty banning atmospheric testing led to peak fallout
in 1963, until the Chernobyl accident (1986). There was socio-political
upheaval in the civil rights and peace movements, with growth in
multilateral pressure groups.

Public pressure on environmental problems achieves results. Leaded
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rofluorocarbons (CFCs) globally. By 1979 the international dimension of
acid rain from SO; pollution made headlines leading to the United Na-
tions Economic Commission for Europe (UNECE) Convention on Long-
range Transboundary Air Pollution (the first global environmental
accord). From 1990, SO, and NOx emissions reduced in USA with the
first market cap-and-trade system. Acceptance of the economic case by
industry and government was essential to finding alternatives to leaded
petrol and CFCs. Growing public expectations of peace, social justice and
environmental protection underpinned all these changes, and oil spills
inevitably ceded their position as No. 1 environmental issue.

1.2. Anthropogenic climate change

Decades later, the perceptions of ordinary people have renewed
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intensity. Peak concern passed to greenhouse gas (GHG) emissions
causing climate change. Compared to the outrage caused by dramatic oil
tanker accidents, this change in perception started slowly but grows
relentlessly. The global warming hypothesis is robustly tested and
accepted (except by populists and vested interests) as much as major
scientific hypotheses such as the Earth’s age, plate tectonics and evo-
lution. Unlike these subjects, runaway climate change is a man-made
existential crisis. It is neither academic nicety nor liberal conspiracy.

Climate change is also the eponymous crisis of the Anthropocene:
over-arching, synchronous, cascading processes affecting the harsh lived
experience of hundreds of millions of people with ramifications for
millennia. It is the key global stressor of the planet’s ecosystems, driving
coastal squeeze, desertification, flooding, food security, forest fires,
freak weather, human migrations, invasive species and rapid extinc-
tions. It increases the risk of wars and viral pandemics. These stressors
are intensified by positive feedback loops that are not the product of
mass hysteria from social media, or a vague perception of worsening
weather in news reports.

The 2008 and 2009 Conference of Parties (COP)14 and COP;5 of the
United Nations Framework Convention on Climate Change (UNFCCC)
discussed a successor to the Kyoto Protocol that was postponed as the
global financial crisis deepened. In 2015 the aim of COP»; to accelerate
action and investment in a low-carbon future was enshrined in the Paris
Agreement, from which President Trump would have withdrawn USA
had he not lost the November 3, 2020 election. In 2019 COP,5 was
sabotaged by President Bolsonaro of Brazil and moved via Chile to
Madrid, losing more precious time. Glasgow’s COPyg is postponed until
2021 due to COVID-19.

By now we should have been well on our way to mitigating cata-
strophic climate change. Instead, we focused on bailing out the financial
system that caused the economic crisis, and on restoring the very
economy that massively discounts future impacts of climate change. A
decade later we continue relying on the carbon industries, despite
climate change and inequality being seen as the world’s most pressing
problems (Hulme, 2016). Foreign aid should encourage sustainable
development, not fossil fuel projects such as $1.2 billion (B) from UK
Export Finance for a Mozambique liquefied natural gas project. To avoid
the calamity resulting from a mean temperature increase of 1.5 °C we
have only a decade to cut CO, emissions by 45% from a 2010 baseline
(UNFCCC, 2019).

It will take ‘cold turkey’ to stop a fossil fuel addiction that provides
warm or air-conditioned homes, air travel, and ever-growing numbers of
cars. In a poll of 26 000 people in 26 countries under lockdown in July/
August 2020, the following percentages said they would use their car
more afterwards: >60% in Brazil and S. Africa; >40% in Australia, India
and USA; >30% in China and Italy; and >20% in Japan, Germany and
UK (Watts, 2020).

Looking at three scenarios after COVID-19 (‘good, bad and ugly’), the
‘bad’ scenario (business as usual) is identified as the most likely outcome
(Hulme and Horner, 2020). With currently hollowed-out state sectors,
there will be disastrous consequences if we return to the excessive
consumption of business as usual, driven by poorly-regulated markets,
out-of-control outsourcing, private equity, shell companies, offshore tax
havens, money laundering and organised crime. Among the legal ben-
eficiaries of the ‘bad’ scenario are opaque think-tanks, arms salesmen
and the fomenters of fake news and climate change denial. What some
powerful elites prefer, the rest of us as consumers apathetically seem to
covet. The ‘ugly’ scenario (socio-environmental breakdown and war)
would spread ever more widely. As to whether it will, our life and times
are already framed by culture wars with each side seeing an enemy in
plain view. In place of such populism, we must learn behaviours to
manage the crises of politics, economics and environment.

Whereas a rapid shift to a low-carbon economy is extremely chal-
lenging, there is hope for a ‘good’ scenario if city and rural dwellers in
developed and emerging regions are not divided and ruled by fossil fuel
lobbyists, political donors and their protégés. We must ‘build back
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greener’ and not retreat into carbon-heavy lifestyles. An example is set
by Vancouver, whose leadership in 2009 aspired to be the world’s
greenest city by 2020. It now leads North America in reducing carbon
pollution, receiving requests for advice from 2000 cities worldwide.
Standing alongside First Nations communities, Vancouver opposes
bitumen export pipelines to the British Columbia coast from the Atha-
basca tar sands in land-locked Alberta (Mauro, 2018).

In hindsight, the 1967 ‘Torrey Canyon’ and subsequent oil spills are
landmarks clearly pointing to the climate crisis becoming the ultimate
emergency. The OSRs we have conducted recognize the importance of
prevention (mitigation), clean-up and restoration (adaptation). Our
visceral reaction to TV footage of spill impacts on seabirds in 1967 was
triggered visually. Consequences of climate change can be brought home
to people using landscape visualisation (Sheppard, 2005). Although CO,
is invisible, the mitigation and adaptation lessons must be applied
globally, rapidly and visibly to avert climate catastrophe (Sheppard,
2012).

1.3. Research objectives

In a 2013 interview J.G. Speth articulated a serious practical
dilemma: “T used to think that the top global environmental problems
were biodiversity loss, ecosystem collapse, and climate change. I
thought that thirty years of good science could address these problems. I
was wrong. The top environmental problems are selfishness, greed and
apathy, and to deal with these we need a cultural and spiritual trans-
formation. And we scientists don’t know how to do that” (quoted by
Berry, 2018).

With the aim of addressing this dilemma, the following research
questions were examined from the perspective of cumulative experience
of oil spills:

1) What are the valuable lessons from the history of oil spills in terms of
changes in public perception, responses to present and future threats
and specifically to anthropogenic climate change?

2) What are the effects (on spills and climate change) of variations in
public and private sector governance, ranging from moral, legal and
multilateral actions to the opposite extreme of neo-colonialism and
corruption among businesses and governments?

3) How can the attention of more people be stimulated to peaceful ac-
tion on the urgency of global environmental protection, so that in-
dustry, governments and public cooperate on decarbonisation (i.e.
GHG phase-out)?

2. Methods

With an emphasis on key oil spill incidents from 1967 to-date, the
study approach was chronological but grouped into phases defined by
growth in knowledge and the changing public reactions to spills. Con-
cerns ranged from scientific to socio-economic, political and global
development issues. Oil spill cases and responses were reviewed and
interpreted. Climate change and oil spill perceptions were considered in
cultural as well as scientific terms, illustrated by references to art,
literature, music and video.

Questions for assessment of an oil spill contingency plan (OSCP)
were used to invite comparison with the primary response to COVID-19.
Sources included news media, technical reports, OSR handbooks and
scientific articles. The lead author’s knowledge since 1975 in the oil port
of Milford Haven (UK) came from over 20 oil spills worldwide, spanning
multiple years in four cases (‘Exxon Valdez’, ‘Sea Empress’, Gulf War,
Niger Delta). Two of these assignments were as principal investigator
and/or expert witness, and three as steering committee member/inde-
pendent reviewer. If all spills were the same and all their OSR lessons
were applied effectively and equitably, a ‘career in spills’ would have
been unnecessary.
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3. Results: oil spill impacts and response
3.1. The ‘new normal’ of spills

Oil has seeped into the ocean for hundreds of millions of years;
thankfully, otherwise the microbial communities capable of breaking
down hydrocarbons at sea would not have evolved. During WW2 fuel oil
was spilled faster, in larger quantities and amid horrific loss of life. The
only upside was that over-fishing was impossible in strategic waters
during the conflict, and so marine fishery stocks recovered despite the
oil. Oil spills affect seawater quality and ocean ecology on relatively
limited temporal and spatial scales. Natural mitigating processes
include: oil evaporation, spreading and dilution; water turbulence and
mixing; flocculation, biodegradation, biopackaging and sedimentation
of suspended oil droplets; rapid recovery or replacement as a result of
plankton communities’ patch dynamics; toxin depuration physiology of
fish; and wildlife mobility or avoidance behaviours.

However, in sheltered areas of coastal seas, estuaries, deltas, and
particularly in fine-grained sediments and wetlands, stranded oil is often
persistent and toxic. Depending on the efficacy of response and clean-up,
lingering oil can cause significant adverse impacts on receptors and
natural resources, affecting biodiversity, ecological succession, and
bioaccumulation (primarily in shellfish). The socio-economic activities
affected include tourism amenities, desalination and cooling water in-
takes, wild fishery market closures, and oiling of seafood aquaculture
facilities. In addition to any crew fatalities and injuries, human health is
affected in some receiving environments. Impacts of some spills are well-
documented, and we do not cover them here in detail. This section ex-
amines lessons from case studies of spilled oil fate, behaviour and ef-
fects, how they are assessed, and how they drive evolving clean-up
options.

Summary data are given in Table 1 for 24 larger tanker spills
worldwide, showing key references in a range of locations, 50% Euro-
pean. Although smaller, the last three are included by the International
Tanker Owners Pollution Federation (ITOPF). In 33% of these spills, all
outside Europe, no opportunity for study arose or impacts were not
assessed (N/A).

Table 2 shows the approximate costs of the oil spills in this study
(footnote b in Table 1). In addition to the cause, size and oil type, the
costs depend on weather conditions at the time, geographic location,
access, security, geopolitics, governance, legal circumstances, and
affluence in the affected region. The limit of insurance liability also
drives/minimises costs. If, despite the ‘polluter pays’ principle, no spiller
OSR is forthcoming, then government, United Nations (UN), European
Commission (EC), ITOPF or non-governmental organisations (NGOs)
may assist.

Over the two decades following ‘Torrey Canyon’ there were two
further landmark spills: March 16, 1978 ‘Amoco Cadiz’; and March 24,
1989 ‘Exxon Valdez’. All three incidents catalysed international efforts
to prevent spills, improve response and examine ecological impacts.
Responders did not get it right every time, but by getting it wrong in new
and imaginative ways they gradually made fewer mistakes. ‘Torrey
Canyon’ was bombed by the RAF using high explosives and napalm. The
first-generation dispersants sprayed and poured onto shorelines were
industrial cleaning products (mostly aromatic hydrocarbons) that did
more damage than Kuwait crude oil alone. After the ‘Amoco Cadiz’ spill
(Iranian light and Arabian crudes), shoreline clean-up involved the
French army removing an oiled saltmarsh. ‘Exxon Valdez’ (Alaska North
Slope) crude oil was cleaned from rocky shores using hot seawater and
pressure washing that was controversial: effective if the perception was
that all oil had to be removed, but not necessarily using net environ-
mental benefit analysis (NEBA).

In a spirit of cooperation, experts from industry, government, civil
society and multilateral agencies lobbied, funded and conducted R&D.
The Environmental Sensitivity Index (ESI) was developed to prepare for
oil spills including in remote areas (Gundlach and Hayes, 1978).

Table 1
Major tanker spills worldwide in size order (ITOPF, 2020a).
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# Date Incident and location Oil (t) type Shoreline oiled, bird
corpses found®,
references

1 Jul. ‘Atlantic Empress’, off 287 000 N/A

1979 Tobago, W. Indies” crude
2 May ‘ABT Summer’, S. 260 000 (N/A)
1991 Atlantic off Angola crude
3 Aug. ‘Castillo de Bellver’, 252 000 1500 birds
1983 off South Africa® crude
4 Mar. ‘Amoco Cadiz’, 223 000 400 km shoreline; 4572
1978 Brittany, France” crude birds; Gundlach et al.
(1983); Sell et al. (1995);
Little et al. (2003)
5 Apr. ‘Haven’, Genoa 144 000 Martinelli et al. (1995)
1991 Roads, Italy™ " crude
6 Nov. ‘Odyssey’, N. Atlantic, 132 000 (N/A)
1988 off Nova Scotia, crude
Canada
7 Mar. ‘Torrey Canyon’, 117 000 500 km shoreline; 7815
1967 Scilly Isles, Cornwall crude birds; Smith (1968);
UK* © Hawkins et al. (2017)
8 Dec. ‘Sea Star’, Gulf of 115 000 (N/A)
1972 Oman, Indian Ocean” crude
9 Jan. ‘Sanchi’, off 136 000 Cargo burnt; 2000 HFO®
2018 Shanghai, East China condensate and tarballs stranded
Sea”
10 Feb. ‘Irenes Serenade’, 100 000 1000 HFO® spread 100
1980 Navarino Bay, crude km
Greece”
11 May ‘Urquiola’, La Coruna, 100 000 60-215 km shoreline;
1976 Galicia, Spain® crude few birds; Gundlach et al.
(1993)
12 Feb. ‘Hawaiian Patriot’, 95 000 (N/A)
1977 Honolulu, Hawaii, crude
USA®
13 Nov. ‘Independenta’, 94 000 (N/A)
1979 Bosphorus, Turkey crude
14  Jan. ‘Jakob Maersk’, 88 000 1-25 km shoreline;
1975 Oporto, Portugal® crude Gundlach et al. (1993)
15 Jan. ‘Braer’, Shetland 84700 3-25 km shoreline; 1538
1993 Islands, Scotland, UK”  crude birds; ESGOSS (1993);
Little et al. (2003)
16 Dec. ‘Aegean Sea’, La 74 000 20-96 km shoreline; few
1992 Coruna, Galicia, crude birds; Little et al. (2003)
Spain® "
17 Feb. ‘Sea Empress’, 72 000 200 km shoreline; 3495
1996 Pembrokeshire, crude birds; Law and Kelly
Wales, UK” (2004); SEEEC (1998)
18 Dec. ‘Khark 5’, Atlantic off 70 000 (N/A)
1989 Morocco crude
19 Dec. ‘Nova’, Kharg Island, 70 000 (N/A)
1985 Iran, Gulf of Iran crude
20 Apr. ‘Katina P’, Indian 67 000 HFO* 3-1450 km shoreline;
1992 Ocean, Maputo, Little (2018)
Mozambique”
21 Nov. ‘Prestige’, Atlantic, 63000 HFO“  240-3000 km shoreline;
2002 off Galicia, Spain® 9348-22 000 birds; Little
et al. (2003); Albaigés
et al. (2006)
d Mar. ‘Exxon Valdez’, 37 000 2083 km shoreline; 41
1989 Prince William crude 000 birds; Wells et al.
Sound, AK, USA” (1995), Wiens (2013)
d Dec. ‘Erika’, Bay of Biscay, = 20 000 HFO® 400 km shoreline; 42
1999 off Brittany, France” 000-52 000 birds;
Kerambrun and Laruelle
(2001); Little et al.
(2003)
d Dec. ‘Hebei Spirit’, W. 11 000 Shoreline ‘several
2007 coast of South Korea crude hundred’ km; algae
aquaculture
@ Fire burned part of spill.
b

Spills in this study.
Heavy Fuel Oil.
Lower rank for comparison.

¢ Approximately 5-25% of total killed.
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Table 2

Approximate costs ranked for spills in this study, not limited to tankers (various

media sources).

#

Spill incident, cause, date

Approximate costs, claims, awards
($US, uncorrected to present value)

10

11

12

‘Deepwater Horizon’ Gulf of
Mexico blowout 2010

First Gulf War spills due to
sabotage of Kuwait oilfields 1991

‘Exxon Valdez’ grounding 1989

‘Prestige’ breakup, sinking 2002

‘Aegean Sea’ breakup, explosion,
fire 1992

‘Erika’ breakup, sinking 1999

‘Sea Empress’ grounding 1996

Bodo [Ogoniland] Nigeria pipeline
failures 2008; 10 years of oil theft/
leaks

‘Haven’ explosion, fire, sinking
1991

‘Braer’ grounding, breakup 1993
Air raid on Lebanon Al-Jiyeh

power station 2006

‘Katina P’ Mozambique grounding,
breakup, sinking, 1992

$65 billion (B) in total including clean-
up and legal costs, $4.5B in criminal
fines and $20.8B in 2016 settlement
$52.4B in approved claims, of which
$4.3B (Kuwait, Iran, Jordan, Saudi
Arabia) were environmental (excluding
short-term cleanup), of which $0.52B
were for Saudi Arabian coastal
remediation, restoration and nature
reserves

$7B in total including Exxon paying
>$2.5B clean-up, $1.8B restoration and
damages, $1B in criminal fines and in
1991 civil settlement with US federal
and state agencies

$1.8B compensation awarded in 2018
court ruling against London P&I Club;
clean-up costs $494 million (M) to
Spain, $145M to Galicia, $68M to
France; note International Oil Pollution
Compensation Funds (IOPC) limited to
$199M

$287M claimed in court, and most was
paid after 2001 settlement between
Spanish government, IOPC and ship
owner; $3.53M paid short-term to
fishers

$200M in damages and $0.443M
criminal fine of responsible party (Total
oil company) in 2008 court ruling
$95M - $153M estimated costs in total
for clean-up response, of which $68M
was paid from IOPC funds

$73M compensation awarded to Bodo
community members by London court
in 2015; [$1B wider Ogoniland fund
suggested by United Nations
Environment Programme (UNEP, 2011);
$31M already spent by new remediation
agency]

$72M in total, including compensation
from IOPC funds ($43M) and insurer
($28M)

$51M in total compensation claims
awarded by IOPC funds; $6M for the
clean-up; $0.7M initial funding from EC
$15M received for response and support
in kind from Organisation of Petroleum
Exporting Countries (OPEC), UN and EC
agencies (nothing from Israel), of
$203M originally estimated claims by
Lebanon government

$4.5M received of originally estimated
claims of $10.7M by Mozambique
government, due to lack of contingency
plans and not having signed
International Maritime Organisation
(IMO) OSR agreements

Entering into force in 1983, the IMO International Convention for the
Prevention of Pollution from Ships (MARPOL 73/78) was instrumental
in preventing tank washing at sea and improving ports’ waste reception
facilities. Spill compensation schemes were refined (summarized in
ITOPF, 2020b). Spill trajectory modelling, aerial surveillance and
clean-up technologies improved the oil encounter rate at sea and the
effectiveness of oil recovery equipment (pumps, booms, skimmers).
Lower-toxicity chemical dispersants and aerial spraying capability came
together. The reluctance to use dispersants after ‘Torrey Canyon’ was
overcome for some spills where resource managers agreed that NEBA
might result in less impact than oil alone. Training improved in
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Table 3
Ten questions for assessing oil spill contingency plans (ITOPF, 1987).

# Questions

1. Has there been a realistic assessment of the nature and size of the possible
threat, and of the resources most at risk, bearing in mind the probable
movement of any oil spill?

2. Have priorities for protection been agreed, taking into account the viability of
the various protection and clean-up options?

3. Has the strategy for protecting and cleaning the various areas been agreed and
clearly explained?

4. Has the necessary organisation been outlined and the responsibilities of all

those involved been clearly stated — will all who have a task to perform be
aware of what is expected of them?

5. Are the levels of equipment, materials and manpower sufficient to deal with
the anticipated size of the spill? If not, have back-up resources been identified
and, where necessary, have mechanisms for obtaining their release and entry
to the country been established?

6. Have temporary storage sites and final disposal routes for collected oil and
debris been identified?
7. Are the alerting and initial evaluation procedures fully explained as well as

arrangements for continual review of the progress and effectiveness of the
clean-up operation?

8. Have the arrangements for ensuring effective communication between shore,
sea and air been described?
9. Have all aspects of the plan been tested and nothing significant found lacking?

10.  Is the plan compatible with plans for adjacent and other activities?

deployment and monitoring the effectiveness and effects of counter-
measures. As part of the OSCP, stockpiles of OSR equipment were
created, and ‘spill drills’ simultaneously became world-class and
routine. To improve OSR, clean-up cooperatives were established from
1985. Lessons learned were documented and fed back into the revised
plans and clean-up manuals.

For positive outcomes to spills, a strategy and a well-rehearsed,
tactical OSCP are both needed. These enable responders to apply the
technical data and scientific knowledge that are codified in regulations,
procedures, guidelines and advice. The uneven COVID-19 response
worldwide has shown the critical importance of international coordi-
nation and rigorous testing of contingency plans. The UK central gov-
ernment and others failed to ask, let alone answer the right questions, as
can be seen by substituting the COVID-19 equivalent in the following
OSCP questions (Table 3; see section 4.1).

Experiments conducted in the field, in the laboratory and at the
meso-scale (e.g. tank tests and enclosed ecosystems), refined and
confirmed many of the observations from oil spill case studies. Seminal
work was conducted by scientists from the Field Studies Council (FSC)
Oil Pollution Research Unit in Wales, who among others were also
engaged in environmental monitoring of coastal refinery discharges and
the proliferating oil and gas fields in the North Sea and elsewhere.
Despite the inevitable blind alleys in oil spill R&D, learning from the
mistakes and moving quickly on were hallmarks of the progress that was
needed. The experimental, adaptive management approach facilitated
controlled comparisons between clean-up options, leading to develop-
ment of practical OSR guidelines that in turn informed contingency
plans. The FSC and other natural history NGOs have wider historical,
ecological and cultural importance, including tracking the evolution of
perception and ethics in environmental learning (Berry and Crothers,
1987).

It seemed that the coincidental 11-year intervals between the three
landmark spills were enough to make real progress. And yet it was too
long because funding as well as public and professional vigilance
dwindled before the next large spill. ‘Amoco Cadiz’ and ‘Exxon Valdez’
were cases that were heard or settled in US courts. Not content with the
international compensation schemes that limit the spiller’s liability
(mainly relating to tankers), after ‘Exxon Valdez’ the USA quickly rati-
fied the Oil Pollution Act 1990 (OPA 90). This created a comprehensive
prevention, response, liability and compensation regime for oil pollution
in US navigable waters (fresh and marine) and from all vessels and other
facilities including offshore platforms. The Americans developed a
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©RAY TROLL 1989
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Fig. 1. Souvenir T-shirt in Valdez, for Cordova District Fishermen United
(Troll, 1989).

formal process for Natural Resource Damage Assessment (NRDA),
alongside compelling musical (Zappa, 1993) and artistic perceptions
(Troll, 1989, Fig. 1).

Apart from NRDA, oil spill impact assessment was not standardised,
and remained an evolving, patchy process. Many spills had no impact
assessment and even those for ‘Torrey Canyon’, ‘Amoco Cadiz’ and
‘Exxon Valdez’ came from separate sources (Table 1). Tracking recovery
from multiple inputs against fluctuating baselines can take decades
(Hawkins et al., 2017). In addition to official assessments, essential
knowledge was gained from experience, case studies and expert reviews
during ‘peacetime’ between spills. In place of anecdotal data there was
better understanding of the physics, chemistry and biology of oil spill
behaviour and effects.

Some complained about the high cost and litigious nature of the
‘Exxon Valdez’ response, but the thorough science undoubtedly
improved reliability of impact assessments. ‘Exxon Valdez’ technical
innovations were deployed later in other spills (e.g. ‘Deepwater Horizon’
blowout in 2010, section 3.2.4). The multi-agency Shoreline Clean-up
Assessment Technique (SCAT) included ground and aerial survey
methods that, with early Geographic Information Systems (GIS), were
pioneered in the ‘Exxon Valdez’ response. The Global Positioning Sys-
tem (GPS) and field computers later helped long-term impact surveys
and NRDA. Fine sediment particle interaction with oil was shown to

Fig. 2. Sediment hydrocarbons sampling trench 18 months post-‘Exxon Val-
dez’, North Latouche Island, Prince William Sound, September 4, 1990
(E. Gundlach).
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influence oil behaviour, and prolonged deep (>1m) oil penetration into
coarse sediments was studied in unprecedented detail (Fig. 2).

The advanced chemistry forensics, oil source fingerprinting, biore-
mediation trials, and wildlife and cultural resource programmes
benefitted all sides in the ‘Exxon Valdez’ case. These innovations are still
widely applied. Cultural resource studies used First Nations anthropol-
ogy expertise from Alaska and British Columbia. The involvement of
local communities continued after the spill (e.g. Alaskan Regional Citi-
zens’ Advisory Councils). In contrast, in some recent spills and geogra-
phies a science-led response seems impractical, cursory, and not always
reliable or inclusive of local and indigenous communities (section 3.3).

3.2. Growing recognition of oil’s global impact

3.2.1. Changing circumstances

At the end of Soviet communism (1991) and South African apartheid
(1994), the years 1991-2002 saw growing democratic values, a sense of
optimism, improving technology, and increasingly sustainable devel-
opment. From 1991 to 2000 IPIECA produced 10 habitat-specific
guidelines on oil pollution impacts, OSR and NEBA. Three key UN
conventions on biodiversity, climate change and desertification fol-
lowed the Rio Earth Summit (1992). In that year, tanker spill compen-
sation liability limits were expanded to $280 million (M). In a
temporarily ‘unipolar’ world where ascendant USA was committed to
multilateralism, a UN agency with oil spill remediation and recon-
struction responsibilities was created to assist recovery from the 1991
Gulf War (section 3.3.1).

The average numbers/decade of medium and large oil spills from
tankers halved between the 1970s and 1990s. The reduction since the
1970s is now more than an order of magnitude, thanks to public pressure
and better environmental management (e.g. effective regulation, stan-
dards, certification, audit, prevention, surveillance and reporting;
Fig. 3).

Estimated oil inputs into World Oceans from shipping and other
(including unknown) sources were 4 million t/year during the 1990s
(Fig. 4).

The inverse, but not causal, relationship between rising emissions/
concentrations of CO3 and falling oil spill frequency is shown in Fig. 5.
The juxtaposition and common inflection points in the early 1970s are
striking. After the OPEC oil embargo in 1973, the reduction in spills’
frequency (if not always their size) was sustained in spite of tanker trade
increasing from c. 60 to 100 million t/year between the 1970s and
2000s. There is a huge difference between c. 4 million t/year of oil in-
puts to the oceans from all sources and c. 30 billion tons of COy/year
emitted to the atmosphere. Oil spills are a low but highly visible hazard
generating historically high levels of public outrage. In total contrast,
anthropogenic climate change is an extreme hazard that until recently
has produced little outrage, considering the acceleration in CO inputs
50 years ago, when a ‘red flag’ should have been raised (Fig. 5).

Being unaware of climate change was the norm in 1970 but to deny it
after the early 2000s is indefensible, given that the challenge of neces-
sary adaptation far outweighs that presented by spills. Dismantling UN
agreements is not the way forward. Instead, climate emergency planning
is essential with UNFCCC taking the lead. Mitigating and adapting to the
increased frequencies of extreme events also demands active trans-
formation across society, industry and government.



D.I. Little et al.

120

Ocean and Coastal Management 202 (2021) 105509

ITOPF’s map of spill locations on world tanker routes:
https://spark.adobe.com/page/BbLP70vqkXO7P/?ref=https%3 A%2

F%2Fwww.itopf.org%2Fknowledge-resources%2Fdata-
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Fig. 3. Annual number of >7 t tanker spills 1970-2019, individual large tanker spills not visible in the number of spills (ITOPF, 2020a).
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Fig. 4. Sources of oil inputs in 1990s to World Oceans (NRC, 2003); ‘E&P’ = oil
exploration and production; ‘Runoff’ = river, sewage, municipal, and industrial
(non-refineries); ‘Other’ = all non-marine transport and oil seeps.

3.2.2. Winter(s) of discontent (Shakespeare, 1597)

Despite the general downward trend in number of tanker spills
(Fig. 3), there was a spate of large spills from 1991 to 2002, mostly
during northeast Atlantic winters (footnote b in Table 1). The adverse
impacts of these spills did not change the whole direction and pace of oil
spill response R&D as did the three landmark spills. This does not mean
that the 1991-2002 spill record was acceptable; the large spills of the
1990s were a wake-up call to re-establish the positive trend. Innovative
approaches to clean-up were developed on cliff coastlines using
climbers, and R&D was commissioned into responses to spills of heavy
oils.

The ‘Haven’ (Iranian heavy crude) and ‘Aegean Sea’ (Brent crude)
spills burned and caused severe impacts and fishery closures. The latter
vessel was a modern double-hulled tanker, as mandated by OPA 1990
for US trade, and yet she broke up and burned on the waterfront in the
evacuated centre of La Coruna. Burning oil slicks floated >5 km across
the bay setting fire to maritime cliff vegetation near Breixo. This failure
of prevention shows that improvements in tanker design and also in
countermeasures are not a panacea, due to variations in oil spill
behaviour, weather and human factors.

The ‘Braer’ and ‘Sea Empress’ both grounded in protected conser-
vation areas, although each spill had rather less adverse impact than
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Fig. 5. Atmospheric CO, concentrations and emissions since 1840 (NOAA,
2020) compared to reductions in oil spill frequency since 1970 (generalised
from Fig. 3); note that if comparable spill frequency data had been available
prior to 1970 they would track the steep increases in use of oil during and after
WW2 and the emissions of CO,.

originally feared. The ‘Braer’ lost 85 000 t of Gullfaks oil as she broke up
near the shore, but storm-force winds meant hardly any of the light
crude oil stranded. Most oil evaporated or carried as aerosol overland.
Remaining oil formed dilute oil-in-water suspensions in the water col-
umn. The ‘Braer’ cargo and bunkers were a total loss, with one-third
eventually settling out with fine particles that had been suspended by
the storm. The ‘Sea Empress’ losses of 72 000 t of Forties blend crude oil
were mainly dispersed by February gales and effective use of chemical
dispersants on the ebb tide before she was brought into the shelter of
Milford Haven. Some bunker oil persists along with historic inputs
sequestered in fine-grained sediments of the estuary. Nevertheless, it
seems large oil tankers can suffer grounding or destruction on or near
the shoreline without long-term ecological impact. It would have been a
very different outcome if ‘Braer’ or ‘Sea Empress’ had foundered two
months later, in the seabird breeding season.

In contrast, the persistence at sea of a relatively small spill of 20 000 t
heavy fuel oil (HFO) lost in midwinter from ‘Erika’ led to probably the
worst seabird kill in Europe, and heavy shoreline impacts. The ‘Erika’
and ‘Prestige’ HFO spills prompted improvements of spill response for
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NUNCA MAIS

Fig. 6. ‘Prestige’ clean-up by thousands of volunteers, with some flights pro-
vided by Iberia Airlines (top: Nunca Mais, a Galician NGO; bottom:
Stein, 2003).

this problematic oil type, better international cooperation in the Euro-
pean Union (EU), and HFO spill compensation under the 2001 Bunkers
Convention. The formation of a viscous water-in-oil emulsion (‘mousse’)
from HFO or crude oil under wave action creates a much higher volume
of plumage-clogging, persistent pollutant that is also difficult to skim
and pump. Galicians cried “Never Again” as they manually retrieved oil
from ‘Prestige’ (Fig. 6).

One exception to these NE Atlantic incidents was the ‘Katina P’ spill
of 66 700 t HFO in Mozambique, severely oiling 3 km of mangroves in
Maputo Bay and less severely 1450 km in total (550 km in South Africa).
The ship’s ‘innocent passage’ was nothing to do with Mozambique, but
Table 2 shows that the government did not receive much of their damage
claim. This was harsh considering that 15 years of post-colonial civil war
still had four months to run, with small arms fire heard during clean-up
(Little, 2018).

Another problem with HFO is that there is low demand due to the
welcome move away from its use in power generation, to protect air
quality. Consequently it is surplus and cheap, leading to a perverse
incentive for ocean-going ships to burn highly-polluting HFO with c. 1
billion t/year GHG emissions still not adequately controlled by IMO. In
each of the above spills a substantial proportion of the HFO was burned
or spilled along with the cargo. They all involved environmental and
economic impacts including fishery closures. Each had novel features
and was traumatic for local communities, and all became media events.

Despite, or maybe because of colourful and immediate media
coverage of the 1990s incidents, public perceptions of these spills were
increasingly subject to spill fatigue. In the long-run the 1990s incidents
will not be regarded as R&D landmarks of the magnitude of ‘Torrey
Canyon’, ‘Amoco Cadiz’ and ‘Exxon Valdez’. These were landmarks not
because of their size; after all, ‘Exxon Valdez’ lost ‘only’ 37 000 t. Rather,
it was because they led to step changes in spill prevention, OSR capa-
bility, and lasting improvement in environmental understanding, all of
which had been demanded by public opinion. Some of the innovations
diffused very slowly. After ‘Exxon Valdez’ the UK scientific approach
was improved, although not until 2007-9 were SCAT and advanced
chemistry methods from Alaska fully codified in practical guidelines in
UK scientific contingency plans (PREMIAM, 2009; 2018).
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3.2.3. Concern shifts from spills to climate change

Although GHG impacts did not feature significantly in environmental
impact assessment (EIA) until the new millennium, NGOs and the public
were beginning to focus less on individual oil spills than on other con-
cerns, including global warming. This focus was sharpened in 2005 by
Hurricane Katrina and Vice-President Gore’s ‘An Inconvenient Truth’
(Sheppard, 2012). By 2013, climate change and biodiversity were in-
tegrated into EIA more prominently in European Union guidance (EU,
2013).

Although public concern over spills remains a leading driver of op-
position to coastal pipelines and tankers in places such as British
Columbia, the oil that is not spilled is in fact the real problem. For
example, spilled oil sedimenting out in an accretional environment is
carbon that in effect is sequestered. The universal burning of fossil fuel is
the main culprit in man-made global warming. Hydrocarbon combus-
tion and agriculture are the main global stressors where the public (by
exercising consumer choice) can play an urgent part in mitigating. A
comparatively small contribution to global warming comes from oil
spills, and this is mostly from the evaporation of volatile organic com-
pounds (VOCs) from oil spilled at sea (and also welcomed by responders
because it reduces shoreline impacts). Contributing to global warming
from the upstream industry during leaks and upset conditions are potent
GHGs such as methane, in particular from the industrial northern
hemisphere. Downstream processing and retail sites have successfully
improved VOCs capture and recovery.

Safety and high utilization (e.g. waste and emissions minimisation)
are paramount for as long as we continue to use hydrocarbons. However,
the pace of replacement of fossil fuels by renewables must now rapidly
accelerate. Renewables technologies including hydroelectric projects
are improving all the time, and some costs are coming down. There are
concerns that lithium, palladium and rare earth elements (REE) used in
batteries, fuel cells and other renewables processes lead to adverse im-
pacts of mining (onshore, in the deep sea, and potentially off-planet).
Conflicts might arise over access to REE resources due to their geopo-
litical scarcity. Nuclear power will remain a primary energy source
beyond fossil fuels, partly because safe storage of radioactive wastes
demands sustained expertise and vigilance.

3.2.4. When life looks like easy street there’s danger at your door (Hunter
and Garcia, 1970)

After about 2002, the oil industry must have seemed under control to
the wider public, as headlines were not dominated by major oil spills. To
secure their licence to operate, steady improvements had been made in
the regulation and reduction of spills and drilling mud emissions from
offshore oil and gas fields on continental shelves and in ever-deeper or
colder waters. Whether the spills occur from tanker accidents, in E&P
operations, from land-based sources, or down the drains of our industrial
or housing estates, the cumulative knowledge gained can be effectively
applied. It is possible to get through the emergency phase and manage
OSR as a project like any other, preferably with transparent cooperation
among industry, government, scientists, NGOs, media and public.

A lower visibility of pollution should not mean complacency. During
2002 there were other serious and ongoing distractions: the burst of the
‘Dotcom Bubble’; Severe Acute Respiratory Syndrome (SARS) spreading
human-to-human from Guangdong, China; and the aftermath of the 9/
11 attacks in USA leading to the ‘War on Terror’ and the 2003 invasion
of Iraq. Before it can be regarded a success, any response to oil spills (or
chemical accidents, or viral pandemics) must protect lives and minimise
health and safety impacts. At the same time, responders must trade-off
economic/cultural resource impacts against adverse ecological im-
pacts. As we see in COVID-19, getting these trade-offs right, doc-
umenting, validating and communicating them in a truthful, balanced
way in the glare of the media, is the difficult part.

Step forward Tony Hayward CEO of BP, after the explosion and
blowout of the ‘Deepwater Horizon’ drilling rig on April 20, 2010 in the
Macondo prospect, Gulf of Mexico. With massive oil releases of 700 000
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t from the seabed wellhead showing live on subsea video over four
months, BP could not be shielded by their hierarchy of contractors.
Outsourcing by BP had already been intensified by the previous CEO
John Browne, but some deep water technological challenges were new.
Serious doubts about blowout preventers were raised, prompting rapid
and business-interrupting risk reassessments in the E&P industry around
the world. Media and other stakeholders including President Obama
sensed a BP cost minimisation back-story. Public perception darkened
dramatically as Mr Hayward, while sympathising with the affected
communities, declared: “We’re sorry for the massive disruption it’s
caused their lives. There’s no one who wants this over more than I do. I
would like my life back”.

3.3. Problem spills during conflicts
3.3.1. Desertshore (Nico, 1970)

3.3.1.1. Gulf War spills. Away from TV cameras there were glimpses of
other lives not being ‘back’, especially in war zones. These were spills
that can make all the above seem ephemeral and colourful despite their
impact. Even larger than the ‘Deepwater Horizon’ spill, the 1991 Gulf
War spills (1 000 000 t) and fires in Kuwait were caused by sabotage by
retreating Iraqi forces under Saddam Hussein. The spills were the first to
be branded as eco-terrorism. The slicks contaminated 800 km of coast-
line including bays choked with oil in Saudi Arabia almost to Qatar.
Much of the sediment infaunal community died when their burrows
filled with oil, and algae bloomed in the absence of invertebrate grazing.
Channels blocked by layers of algae and fine sediment led to feedback
loops that changed the drainage hydrology and ecology of the tidal flats.

An inter-disciplinary impact assessment was made in 1991-1993,
representing a high point in international cooperation in oil spill science.
A special issue of Marine Pollution Bulletin (MPB, 1993) described the
scientific response including the 100-day ‘Mt Mitchell’ marine survey in
1992. The survey produced scientific data, fostered environmental
awareness and cooperation among 140 scientists from 15 nations, and
was organised by: International Oceanographic Commission (IOC);
UNEP; Regional Organisation for the Protection of the Marine Envi-
ronment (ROPME); US National Oceanic and Atmospheric Administra-
tion (NOAA); and Marine Spill Response Corporation (MSRC). Because
oiling conditions and impacts were likely to have changed in the decade
since these international surveys just after the Gulf War, intensive
shoreline monitoring and rapid ecological assessment surveys in Saudi
Arabia were undertaken in 2002-3. The degree of change 1993-2003
was assessed by building on SCAT, modified for vegetated, burrowed,
carbonate sediments. More than 3100 transects were surveyed, almost
26 200 total petroleum hydrocarbon (TPH) samples and 2660 finger-
printing samples were analysed.

Chemistry analyses were carried out in a state-of-the-art analytical
chemistry laboratory established by Battelle close to the affected areas.
The trained analysts produced top-notch data that was used later to
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calibrate SCAT field observations on oil character, to assess oil weath-
ering, and to predict toxicity and ecological effects. The spills left TPH
concentrations in visibly oiled sediment from 3200 mg/kg to 41 000
mg/kg. This oil persistence occurred despite the emergency response
and initial clean-up. Using estimates of the volume of oiled sediment,
this approximates to the total amount of oil lost by either the ‘Braer’ or
‘Sea Empress’. Less than ten years after these latter spills in high-energy
areas, traces of remaining oil in sediment had been practically unde-
tectable. In contrast, free-phase brown oil was visible after 20 years
trapped in low-energy shorelines of the Arabian Gulf (Fig. 7).

3.3.1.2. UN Compensation Commission (UNCC). All oil spills caused by
armed hostilities are hard to respond to, and unfortunately they are not
covered by insurance and compensation funds. And so a new agency, the
UNCC, was created after the first Gulf War. The necessary funds were
raised from the sale of otherwise sanctioned Iraqi oil exports that were
also used, amid some controversy, to fund emergency food and medical
aid. From 1991, 2.6 million individual claims totalling $352B for
wartime losses and compensation were processed by UNCC. Of these,
after scrutiny by UNCC, about 70 claims were awarded for all losses
($52.4B). Of these, in 2005 the Follow-up Programme for Environ-
mental Awards (F4) under Decision 258 awarded a total of $4.3B to
Kuwait, Iran, Jordan and Saudi Arabia (Table 2).

Added to the initial response this was the most expensive spill be-
tween ‘Exxon Valdez’ in 1989 and BP’s 2010 blowout. The $4.3B
included $0.51B for contracts in Saudi Arabia covering coastal reme-
diation and restoration projects, and concentrating on the worst-hit lo-
cations at the time (2003 data). In addition, $6.17M was awarded for the
creation and management of several marine protected areas (MPAs)
elsewhere in Saudi Arabia. In the decade since the design of a visitor and
educational centre, it is not known if lack of progress in MPA designation
is due to poor disclosure or graft.

During 2007, teams of independent reviewers (IRs) for the F4 pro-
gramme were organised by UNCC under contract to recipient states.
Baseline IRs surveys took place in 2007-8 with the respective national
focal point (NFP). In the hiatus after the 2002-3 surveys, the UNCC
noticed in 2009 that there were two parallel NFPs in Saudi Arabia. One
of these had already awarded a design contract for salt marsh remedi-
ation, initially costing more than the entire 'Haven’ or *Braer’ response
(Table 2), and which UNCC adjusted downwards.

After further scoping by the NFP, IRs and UNCC during 2009, tidal
flats were added to marshes in the planned contracts. The coastal F4
contracts in Saudi Arabia were for clean-up and restoration of 1800 ha of
heavily-oiled saltmarsh and intertidal flats, covering the worst areas of
lingering oil. The projects to refresh the blocked channels, excavate new
channels, transplant mangroves, till sediment flats, and monitor all op-
erations were designed and supervised by a team of experienced envi-
ronmental scientists (Pandion Technology-RPI, 2003). The team
included some who took part in the shoreline surveys in both 1991-93
and 2002-3. Progress was at last being made, due to leadership

Fig. 7. Oiled algae blocking creek (left, plan view); algal mats inter-laminated with fine-grained carbonate sediment (right, section), Arabian Gulf tidal flats, Saudi

Arabia, June 2010.
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continuity and an approach using field experiments and adaptive man-
agement. The low-profile remediation included sign-off by quantity
surveyors. Saudi Arabian restoration is still ongoing 30 years after the
Gulf War.

The Saudi Arabia NFP was supported by advice from the regional
offices of three of the ‘big four’ accountants (EY, KPMG, and PwC). One
of these firms designed an accrual-based project accounting system
because at the outset only cash-based accounting was in place. The first
and smallest contract awarded was almost $10M for chemistry labora-
tory services. However, during the period of most intense remedial
design and fieldwork, very few samples were analysed reliably, mostly
overseas, despite the IRs’ questions in their visits and six biannual re-
ports (January 2010 to October 2012). In reply, there was no mention of
the fit for purpose chemistry laboratory created in 2001 to compare
sediment contaminants data to those from 1991 to 1993. Decadal sam-
pling to compare sediment contamination could by now have been in its
fourth collection phase, continuing the high standards set in 1992 (MPB,
1993) and by Pandion Technology-RPI (2003).

Including quantity surveyor and chemistry contracts, seven terres-
trial and 13 marine remediation contracts covered most of the Saudi
Arabia F4 programme. Information on bidders was scant. Few had
demonstrable qualifications (e.g. website), which made it hard to check
their remediation experience and identify possible collusion among
firms. Improbably for competitive tendering, the winner and runner-up
bids in each of the 20 contracts were separated by as little as 0.05% of
the price. Across all contracts, there was low statistical probability (p <
0.005) that the significant separation of the two front-runners from the
remaining bids occurred by chance. The IRs asked how this had
occurred, but got no answer.

With all major contracts awarded and most payments disbursed to
recipient nations, the UNCC wrote its final report on the F4 awards in
2012-2013 (UNCC, 2016). The Saudi Arabia IRs disagreed when in
Decision 269 UNCC declared its mandate fulfilled by the systems and
assurances for recipients to continue without independent review. At the
disengagement of the UNCC, the unresolved issues included stakeholder
engagement, oily waste management, provision of hydrocarbon data,
creation of seed banks for desert re-vegetation, site protection and
designation of MPAs. Apart from RPI’s technical publications (e.g.
Minter et al., 2014), there was little transparency since the departure of
the Saudi Arabia IRs team and UNCC in 2012-2013.

3.3.2. Multiple activities of UN agencies

The UNCC had only one mission, albeit a huge one. As a conse-
quence, UNCC was not available to assist in 2007 when requested by UN
Development Programme (UNDP) following another deliberate Middle
East oil spill in July 2006, this time in Lebanon. In retaliation to rocket
attacks on Israel by Hezbollah, a fuel oil spill of 15 000 t (and fire c. 55
000 t) was caused by the Israeli Defence Force bombing El-Jiyeh power
station in southern Lebanon (UN, 2007).

Spill assistance was by the EC, ITOPF, International Union for the
Conservation of Nature (IUCN), and the following UN agencies: IMO
Regional Marine Pollution Emergency Response Centre for the Medi-
terranean Sea (REMPEC); Food and Agriculture Organisation (FAO);
UNDP; UNEP; UN Educational, Scientific, and Cultural Organisation
(UNESCO, focusing on Byblos World Heritage Site); World Bank; and
World Health Organisation (WHO). UN estimated spill costs at $203M
(1% of 2006 Lebanon GDP, and 28% of total war damage). Funding was
by UNDP and OPEC, but only $15M of the estimate was paid by 2007
(Table 2).

Despite UNCC experience with planning environmental restoration
after the Gulf War spills and various agencies’ work in Lebanon, the UN
system had difficulty coordinating these responses amid rising tensions
in the region. This was not helped by the lack of success in gaining
compensation from Israel, despite repeated UN Resolutions over 13
years to “direct Israel to respond with prompt and adequate compen-
sation” (UN, 2019).
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Briefly and without success, UNEP was considered from 2013 as a
possible successor to UNCC to track progress in the ongoing Gulf War
spills restoration (section 3.3.1). This did not happen, perhaps because
UNEP was getting involved in assessment of the environmental effects of
the Syrian civil war, including the use of chemical weapons by President
Assad on his own people. As far as is known, there are no plans to revive
UNCC despite the impacts of ramifying conflicts in the oil-rich region,
for example the civil war in Libya or the aftermath of Daesh warfare
across the fertile crescent of Iraq and Syria.

Oil spills are highly probable in Yemen due to ongoing civil war. A
ballast tank was breached on the tanker ‘Syra’ after striking a mine in the
Gulf of Aden on October 2, 2020. Another tanker ‘Safer’ was used as a
floating storage and offloading (FSO) terminal until 2015, but now is
held hostage with 155 000 t of Marib crude oil that threatens conser-
vation sites in the Red Sea and Gulf of Aden (e.g. Farasan Islands,
Socotra). The UN has been prevented from inspecting the FSO since
2019 (BBC, 2020a).

3.3.3. Ogoniland conflict: foreign companies dey Africa carry all our
money go (Fela, 1981)

3.3.3.1. UNEP in ogoniland. By early 2007 after the Lebanon spill,
UNEP was invited by the federal government to assist in a post-conflict
response in Ogoniland in SE Nigeria. Ogoniland is part of what was
called Biafra in the Nigerian civil war (1967-1970). The problems of
gross oil pollution over decades had overwhelmed the capacity of in-
dustry and government to respond. However, in this case the local
population density is high and most people are extremely poor. Despite
the much smaller size of the individual Niger Delta spills compared to all
the above examples, the environmental and social impacts are severe
and tensions very high. So much so, that no oil production has been
possible in Ogoniland for almost three decades. The deadlock came
about because of civil and NGO protests that were met with a violent
federal government response, leading to the trial and execution on
November 10, 1995 (BBC, 2020b) of nine Ogoni leaders and writers
including ‘Ken’ Saro-Wiwa (2013).

Neonatal mortalities are twice as high within 10 km of Niger Delta oil
spills. Comparing pairs of siblings born to the same mother but
conceived respectively before and after a documented nearby oil spill,
there is a significant increase in neonatal mortality of 38.3 excess
deaths/1000 live births (n = 23 000) according to Bruederle and Hodler
(2018). Their paired sample design controlled for other factors than
nearby oil spills, and found that oil spills occurring before conception
are killing in their first month of life as many as 16 000 infants per year
in the Niger Delta. Public health, housing, food and cooking fuel, sani-
tation, waterways, recreation, cultural life and livelihoods in Bodo are
heavily dependent on local natural resources in the
mangrove-dominated coastal zone. This contrasts with the sparse pop-
ulation and greater per capita wealth of Saudi Arabia, where the affected
marshes are almost devoid of human activity.

Unlike all the major tanker spills described above, the poor in local
communities affected in the Niger Delta are cast in a frankly colonial
mentality as being part of the problem rather than for the most part as
victims of criminally inadequate environmental practices. By stereo-
typing the local people as oil thieves, the western oil companies betray
the majority of people of the Niger Delta while continuing to sell the oil.
International oil companies have operated profitably in the Niger Delta
since 1956 (Shell) and 1962 (ENI and Total). Potentially complicit
parties include Nigerian National Petroleum Corporation (NNPC),
Nigerian federal and local governments, judiciary, security forces,
shareholders and pension funds (including those of the Church of En-
gland). To solve this, all that must be done is to uphold the rule of law
(Figs. 8 and 9).

Environmental surveys have previously been completed (1980
Funiwa #5 20 000 t offshore well blowout; 1983 onshore production
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B SavY NO TO

"OIL THEFT ano

ILLEGAL REFINING
IN THE NIGER DELTA

promoting green development

Fig. 8. NGO bumper sticker, Centre for Environment, Human Rights and
Development (CEHRD), Port Harcourt, 2013

B

Fig. 9. Children in Akalu-Olu near oil industry flares, Ohoada West Local
Government Area, Rivers State, Nigeria (Evans, 2002).

areas; 1995 delta-wide; and 1997 Niger Delta Environmental Survey).
Each of these involved evermore strategic environmental and socio-
economic scope. However, few were able to engage fully with the
local affected people by seeking the free, prior, informed consent that
inter-governmental agencies and NGOs agree are needed. A break-
through looked promising in 2007 when the federal government invited
UNEP to carry out a baseline survey of Ogoniland to assess the scale of
remediation required.

The UNEP project was a detailed multi-discipline survey of air,
water, sediment, soil, biota, and a preliminary study of human health, all
of which showed that many local people are indeed ’living in o0il’ (UNEP,
2011). By overcoming logistical challenges and the legacy of mistrust,
UNEP succeeded in providing a faltering start in planning the clean-up.
A restoration fund of $1B was recommended, including a centre of
excellence in remediation technology (Table 2). And so the federal
government formed a new agency (Hydrocarbon Pollution Restoration
Project; HYPREP). After some confusion between existing agencies
charged with regulating oil pollution, if successful in Ogoniland,
HYPREP could begin the huge task of clean-up across the entire Niger

10

Ocean and Coastal Management 202 (2021) 105509

Delta. The Bayelsa State Oil and Environmental Commission are also
now examining regional remediation precedents. But first the endemic
oil theft must be stopped, or else any clean-up is futile. Meanwhile,
according to the Extractive Industries Transparency Initiative, oil theft is
costing Nigeria over $4B/year. This was almost 1% of GDP in 2019, after
Nigeria displaced South Africa as the largest African economy. The
failure to prevent criminal activity is an ongoing fatal flaw in all resto-
ration plans because repeated inputs of fresh crude oil will inevitably
stress or kill vegetation.

A status report on the clean-up published in June 2020 involved
revisiting some original UNEP sites (FoE, 2020). The report concluded
that a new start is needed across the entire delta. The emergency mea-
sures recommended by UNEP over a decade ago to protect human health
have not been provided (e.g. replacing drinking water wells contami-
nated by benzene). No health impacts have been or are being monitored.
Most contractors are not qualified; 11 of 16 companies contracted for oil
clean-up are reportedly without expertise in remediation. Only 11% of
the sites recommended by UNEP for clean-up and remediation are
completed. HYPREP has been compromised by conflicts of interest and
procurement irregularities, with $31m spent since 2018 not properly
accounted for. HYPREP has now recruited new personnel with UNEP
and Bodo project experience.

3.3.3.2. Bodo community. Bodo is a Niger Delta fishing village in Ogo-
niland. Pipeline maintenance failures led to two spills in late 2008
(totalling 580 t Bonny light crude oil). In this area, Shell Petroleum
Development Company (SPDC) is the E&P operator on behalf of a joint
venture with the NNPC, Total Exploration and Production Nigeria
Limited and Nigerian Agip Oil Company Limited (part of ENI). Liability
was admitted by SPDC for probably the largest mangrove kill in history,
but partly due to endemic security problems it was unable to fix the
pipeline, recover the oil, remediate the former mangrove sediment
habitats, or restore their high biodiversity and subsistence values.

Despite SPDC experience in numerous smaller delta spills over de-
cades and the back-up of Shell, Total and ENI international experts, a
cumulative 1000 ha mangrove forest was killed in Bodo after the two
pipeline spills in 2008. Shell, Total and ENI are shareholders in the
industry-owned emergency response organisation (Oil Spill Response
Limited; OSRL) whose website promises: “Wherever your oil spill risks
lie in the supply chain, we are ready to respond with our expertise and
resources anytime, anywhere”. It is unclear whether OSRL was asked to
deliver on this in 2008 by Shell or the SPDC joint venture. Imple-
mentation of the findings of the UNEP (2011) report is now described by
subsidiary SPDC rather than Shell Nigeria, whose website link to "'UNEP
implementation’ appears defunct (Shell Nigeria, 2016). The parent
company may be distancing itself from liability for its subsidiary’s im-
pacts in Ogoniland, but ultimate responsibility lies with Shell (Shell
Nigeria, 2016).

Average TPH concentrations of 40 000 mg/kg were found in the
former mangrove sediments seven years after the spills (Little et al.,
2018). This is exacerbated by organised criminals who tap the export
pipeline crossing Ogoniland to the Bonny Island terminal (Gundlach,
2018). The stolen oil is processed in improvised ‘refineries’ for sale
locally and regionally. Fifty-three spills from over 200 illegal refineries
occurred 2008-2019, totalling 1165 t of oil. Cooking up oil in leaky oil
drums over open fires adds carcinogenic combustion products to the
spills of crude oil (Fig. 8).

The Bodo Mediation Initiative (BMI) from 2013 and a successful
court case prosecuted by the Bodo community in London in 2014 were
both essential to breaking the deadlock with SPDC and getting clean-up
underway to international standards, at least in part of the delta. In 2015
Shell settled the compensation claims against the company for $73M
(Table 2). The cash was distributed to the individual victims of the Bodo
community via newly opened bank accounts. The Bodo community
separately agreed that their claim for clean-up would remain in place so
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that they could return to court in London in future if the BMI clean-up
did not meet international standards. Shell tried to strike this out in
June 2017, but the community’s right was upheld in London in May
2018 (Leigh Day, 2018, Leigh Day, 2020).

Practical fieldwork could only begin in May 2015 after signing of a
memorandum of understanding between SPDC and the Bodo commu-
nity. Crucially, from May through August 2015 SCAT teams started to
provide a strong participative framework for the essential scientific and
technical aspects. Good agreement between SCAT descriptors and
sediment TPH concentrations was established from the 2015 samples (n
= 32; Little et al., 2018), and confirmed at-scale in 2017 samples (n =
624; Bonte et al., 2020). The reliance on chemistry sampling for moni-
toring against target levels is reduced by reaching field consensus on
fine-tuning the clean-up methods for the vegetated and burrowed
fine-grained sediments of Bodo.

The challenge is to use NEBA for in situ remediation, recognising that
clean-up guidelines typically recommend ‘leave-alone’ in such habitats
(after the oiled Ile Grande marsh was destroyed during ‘Amoco Cadiz’
clean-up; section 3.1). Trial work is needed on how much nursery soil is
transplanted with the seedlings to insulate them from lingering oil. Such
adaptive management would track performance of the young trees as
their root ball breaks out of nursery soil, compared to the effect of fresh
oil spills on leaves or pneumatophores. Transplanted mangroves can
grow successfully in cohesive oily sediments, in contrast with sediments
that are flushed for long periods. Such intrusive treatment may produce
cleaner sediments, but if they become liquefied then adverse impacts
due to water-logging, loss of structure and erosion will delay recovery.
In addition to mangrove seedling transplants, success depends on nat-
ural spread of healthy propagules. Phytoremediation improves longer-
term sediment quality and biodiversity, even if in the short-term oil
concentrations are high or temporarily increase (Bonte et al., 2020).

The project stopped for almost two years after violence erupted in
October 2015 due to dissatisfaction with the procurement process
(Bruyne, 2020). A phase of surficial oil removal between September
2017 and August 2018 was followed by sediment remediation from
November 2019, now interrupted by COVID-19. The SCAT process has
helped operator and community to embrace new ideas in clean-up. Only
by building mutual trust will the inevitable concerns be addressed and
tensions defused. The success of BMI and SPDC also depends on reducing
the huge inequalities by supporting alternative employment opportu-
nities to take people out of illegal refining.

3.3.4. Mauritius spill. On July 25, 2020 the bulk carrier ‘Wakashio’
grounded on a coral reef in SE Mauritius spilling >1000 t HFO and iron
ore cargo. In addition to corals bleached by acidification from climate
change, at risk are mangroves, seagrasses, coastal and pelagic birds,
fishing communities and tourism. Under pandemic quarantine the vessel
was 17% below required manning levels. Her Panamanian flag allowed
contract extension such that two crew members had been onboard >1
year, risking crew fatigue. Panama’s inspection blamed the incident on
the change of course to look for internet signals, an allegation denied by
the Japanese owner (PE, 2020). Regional investment in OSR and
training has been patchy in East Africa and Indian Ocean, despite the
efforts of foreign and UN aid programmes (e.g. Mauritius’ coastal oil
spill ESI atlas dates from 1989, before many states; Gundlach and
Murday, 1989). Mauritius being a major tax haven, funds for OSR
contingency planning and pollution control should be in place. In
contrast, for the locals only partial sewage treatment is available. Tax
avoidance is colonialism by other means, when accountability is as
vulnerable as in authoritarian or hollowed-out state sectors (Little,
2018).
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4. Discussion
4.1. Songs of innocence and experience (Blake, 1826)

In his poetry in 1789-1794, William Blake does not assume a uni-
directional progression from ignorance to awareness, but the duality of
human values and belief in the wisdom of young people. In order to
overcome our climate crisis ‘learning disability’, we need to challenge
authoritarian and paternalistic assumptions about learning. As when we
were children, we can see now that many ‘emperors’ of business and
government have no clothes (Andersen, 1837).

During COVID-19, economies and world trade struggle, mariners
quarantine in their vessels, and layers of uncertainty halt investment.
Record-breaking recession and unemployment are inevitable. In de-
mocracies, the pandemic response runs a gamut of kind and effective
(New Zealand, South Korea) to dangerously incompetent (Brazil, UK,
USA). Pandemic had already been identified as a primary threat, and
incredibly in retrospect, the UK was rated highly for global pandemic
preparedness. In October 2016, ‘Exercise Cygnus’ tested the UK response
to an influenza pandemic, and the UK press reported overwhelmed
health services, duplication of responsibilities, confusion, lack of pre-
paredness and lack of clarity (PHE, 2017; redacted). Planning lessons got
lost in the real emergency of 2020, replaced by confused messaging
based on wishful thinking, cronyism in political elites, and expensive,
wasteful and opaque procurements. According to the National Audit
Office and legal challenges, lessons were neither documented nor
revised in COVID-19 arrangements.

Multilateralism represented by agencies of the EU and UN is under
assault by resurgent nationalism. Some leaders are emboldened to
ignore UN agencies (e.g. WHO in COVID-19 response) and international
law, to the extent of undermining multilateral arms-controls. Crisis
managers, management consultants and public relations purport to
‘manage complexity’ amid raging political, economic, health and envi-
ronmental crises. The first two of these preoccupied the Enlightenment
economist and statistician Thomas Malthus, FRS. He thought geometric
population growth would be limited only by arithmetic growth in food
production (Malthus, 1798). This is controversial because rather than
wealthy consumers (high-carbon footprint), he ‘blamed’ the de-
mographic problem on the high birth rates of the poor (low-carbon
footprint); unsurprising from Professor of Political Economy at the East
India Company. Although he did not anticipate the agricultural revo-
lution feeding more people, Malthus’ pessimism may yet be vindicated
by current stressors on humanity (e.g. cumulative environmental im-
pacts of fossil fuels and modern agriculture).

The pandemic is re-shaping society’s interest in science and under-
standing of the biodiversity/climate crises. The window of opportunity
to meet these overlapping challenges places better leadership and
governance front and centre of decarbonisation investments. The net-
zero technologies are already here, with costs at-scale falling (e.g.
hydrogen for fuel cells; lithium and REE batteries; electric multi-modal
transport; wind, wave, tidal, solar and hydro-electricity; air- and
ground-source heat pumps; carbon capture and storage for heavy in-
dustry). In his December 23, 2020 Reith Lecture, Mark Carney said “ask
not what the climate is doing to your country, but what your country can
do for the climate”.

Without altering the ever-increasing GHG concentrations, the dra-
matic reduction of noise and toxic emissions during COVID-19 lock-
downs gave a glimpse of nature’s restorative capacity. Achievement of
this vision as we mitigate and adapt to climate change was discussed by
Sodha (2020), who argued that ‘cathedral thinking’ is needed to emulate
the long-term projects that were not completed during the medieval
builders’ lifetimes. This perception would help us all to connect with our
descendants properly, unlike the rich and powerful continuing to rely on
inherited wealth. Young people will bear the brunt of the present crises.
Solidarity with their values is our bridge to sustainability. In forging this
emotional connection there is a vital role for arts and culture, and no
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place for culture wars. If we fail to connect, then a shocking metaphor
for the ‘ugly’ scenario is visible in Goya’s painting ‘Saturno devorando a
su hijo’ (Goya, 1820).

4.2. The ‘relationship’ between oil spills and climate change

In the Russian Arctic on 29 May and July 12, 2020, two spills
occurred at the giant Norilsk Nickel smelter. They were caused by
melting permafrost, subsidence, and failure of a fuel storage tank and
pipeline (respectively 21 000 t diesel and 45 t aviation fuels). North
towards the Pyasina delta (Arctic Ocean) tundra and lake habitats are
important for wildfowl. Environmental agencies requested $2B, referred
to variously as compensation, fine, and clean-up estimate. Accusing the
operator of negligence, President Putin declared a state of emergency,
but a transparent impact assessment is unlikely. The spills were labelled
by media “the Arctic’s worst-ever environmental catastrophe”, but the
melting permafrost and release of methane and CO; from thawing and
burning peat are part of a world catastrophe. Melting ice and permafrost
was avoidable until recently, but the Norilsk spills are among the direct
effects of anthropogenic climate change reaching ‘tipping point’. Au-
thorities are now checking other hazardous sites built on permafrost
(BBC, 2020c¢).

Norilsk is also the site of a major study of conifer tree rings linking
reduced growth rates since the 1960s to degraded air quality from point-
source pollution (Kirdyanov et al., 2020). The thinning of tree rings is
also due to Arctic air mass circulation and long-range transport of par-
ticulates reducing incident sunlight, photosynthesis and growth rates. As
temperatures rise the optimism that boreal forests would sequester more
carbon is diminished. Instead, both tundra and taiga join tropical rain-
forests in their vulnerability to global warming, with cascading impacts
in drainage basins and downstream coastal zones from Tropics to Arctic.

Hardly ever an exact science, at least OSR is conducted in good faith.
Thanks to effective knowledge creation and diffusion, oil spills can be
managed provided access, equipment and expertise are made available
and tested by contingency planning. Unfortunately, the continuity of
such efforts depends on the price of oil. Success is possible in spite of the
inequitable distributions around the world of spill risk, OSR capability,
and community resilience. It is impossible to predict where and when
spills will occur, and those during armed conflicts prevent immediate
response. The impacts of deep sea tanker losses and many unreported
spills in remote and war-torn countries go undocumented. In hindsight,
oil spills were not an environmental hot topic, only a door to our slowly-
awakening perception. Although locally to regionally damaging, the
ecological effects of spills rarely deserve the ‘disaster’ or ‘catastrophe’
label. The bigger problem is climate change and long-term socio-envi-
ronmental catastrophe, to which the young are especially vulnerable
(Fig. 10).

We can no longer ignore the global scale of fossil fuel impacts. The
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processes and responses we describe are rooted in carbon: oil explora-
tion, production, transport, refining, and consumption cause pollution
throughout the life cycle of fuels and petrochemicals. The oil ‘spilled’ by
everyone into the air by combustion is the gravest problem, driving
global warming and melting sea ice, ice caps and permafrost. Slumping
tundra peat causes further damage and spills, releasing more GHGs to
drive runaway climate change. These feedback loops are irreversible, as
are the impacts on wetlands, shorelines, cities and livelihoods that are
lost to sea level rise, wildfires, and refugee camps full of migrating
people. While temporarily in the background of COVID-19, the global
climate emergency intensifies. The pandemic has itself been facilitated
by a feedback loop of the biodiversity/climate crisis: »habitat loss
imposing ecological stress on wild animals »capture and sale of live
animals infected by viruses »viral infection spreading to humans »rapid
viral spread via high-carbon international air travel »‘refueling’ the
climate crisis.

In the global north we have wasted precious time (‘easy street’) that
might have speeded our transition to low-carbon. Considering the
massive costs to everyone of burning oil, the current low price could be
used to leave hydrocarbon assets stranded in the ground. Skilled oilfield
engineers could be re-employed to shut in the wells and retrain in re-
newables (Bloomberg, 2020). Coal was largely closed down in the 1980s
with little thought for the UK communities left behind. Despite some
evidence of societal learning, there are actually deep learning disabil-
ities manifested in denial and procrastination. To overcome such
disinformation we need good information literacy and critical thinking.
Just doing good OSR anywhere in the world is no longer enough. Oil
spills in this sense have even been a distraction. We can and should
restore damaged wetlands, shorelines, communities and ecosystems
because they support local people and wildlife, provide coastal protec-
tion, and sequester carbon. Beyond this, we cannot avoid the conclusion
that industry, governments and people must now rapidly decarbonise.

5. Conclusions and recommendations

1) Globally, oil spills represent a relatively low hazard but attract high
levels of public outrage. Climate change is almost the exact opposite:
an extreme hazard that until recently has produced too little outrage.

2) There are stark contrasts between responses to spills from oil tankers
and blowouts in the global north to those in the Middle East and
Africa. These contrasts reflect inequalities in affected communities,
and often follow corruption, security breakdown or war.

3) Spill contingency planning and OSR are necessary but not sufficient
everywhere. OSR should continue using NEBA to mitigate and
manage spills, adaptive management to restore habitats, and
adherence to health, safety and waste minimisation standards for as
long as hydrocarbons are in use.

Fig. 10. Greta Thunberg-inspired climate strike near Goya museum and statue, Plaza del Pilar, Zaragoza, Spain, September 27, 2019.
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4) Access to social justice can mitigate vulnerability to spills and also to
climate change. We should ensure more equitable deployment of
OSR resources before/after spills, and also adapt OSR planning ar-
rangements to create, fund and build community resilience to the
hazards of climate change.

Landmark oil spills might have forewarned us of the ultimate crisis of
global warming. Decarbonisation will require improved infrastruc-
ture, energy conservation and best practice in the renewables sector.
Leaders must ensure foreign aid is only for sustainable development,
and not conditionally linked to weapons or fossil fuel businesses.
GHG emissions drive runaway climate change. Governments should
use market-based incentives, investments and education to accel-
erate transition to renewables in all sectors and livelihoods (health,
food, housing, sanitation, fuel, transport, recreation, cultural life).
Despite multilateral values, societal learning is disabled by climate
change denial. Aspects still lacking in the real world include critical
thinking, carbon consciousness, sustainable consumer attitudes
(‘think global, act local’), and leaders committed to universal health,
education and social justice.

The best way to reduce the number and severity of oil spills and the
need to manage their impacts is to accelerate decarbonising the
global economy. By ceasing to use oil as fuel and only using it as
essential chemical feedstock, the world could approach
sustainability.
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