
Environmental Impact Assessment:

Evaluating impacts of oil spills.
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Exxon Valdez

Example of environmental impact 
assessment of major oil “spill”

March 24, 1989



Background…



Map of Alaska showing the 
Trans-Alaska pipeline –

Shaded Impact Area

Exxon Valdez…



Map showing Prince William 
Sound

Exxon Valdez…



Map showing the extent of the 
oil spill in Gulf of Alaska

Exxon Valdez…



Exxon Valdez…



Prince William Sound 
Trophic Web

Exxon Valdez…



Energy Chain…the food chain can be thought of as an energy 
transformation chain.  At each transformation step some energy is 
degraded and some is passed to the next step in the chain.

Exxon Valdez…



NETWRK3 (Ulanowicz, 1986)

Prince William Sound 
Trophic Web

Exxon Valdez…



Solar Transformities 
based on Trophic Web

Exxon Valdez…



Emergy losses of the 
Exxon Valdez oil spill

Exxon Valdez…



Ecosystem Losses

Marine Mammals
14% Birds

7%

Intertidal 
Invertebrates
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Distribution of Ecosystem Losses

Total losses (1990 USD)= em$1.2 E9

Exxon Valdez…



Environmental 
Damages

42%

Economic Losses
52%

Lost Fishery
1%

Valdez Oil Cargo 
Lost
1% Cleanup Vessel 

Fuel
4%

Exxon Valdez Losses 

Total losses (1990 USD)= em$2.86 E9
(Oil flow interrupted = em$2.4 E9)

Economic & 
Ecosystem Losses

Exxon Valdez…



Exxon spent an estimated $2 billion cleaning up the spill and 
$1 billion to settle related civil and criminal charges

In the case of Baker v. Exxon, an Anchorage jury awarded 
$287 million for actual damages and $5 billion for punitive 
damages.

Which was reduced to $4 billion on appeal (2002)

Which was reduced to $2.5 billion on appeal (2006)

Which was reduced to “no more than $507.5 million by the 
Supreme Court (2008)

Economic facts of life...

Exxon Valdez…



Total Losses as Percent of 
Region’s Annual Emergy 
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Cost-Benefit Diagram

Exxon Valdez…
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Net benefits from prevention 
alternatives...
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Exxon Valdez…



Valdez Oil Spill Research Team:
R.D. Woithe, H.T. Odum, C.L. 
Montague, and E.C. Odum

Funding provided by the Cousteau Society
Richard Murphy, project manager 



Deepwater Horizon

Example of environmental impact 
assessment of major oil “spill”

Lucia Zarba



20 April 2010

Deepwater Horizon…



Deepwater Horizon…



Deepwater Horizon…



Deepwater Horizon…



Deepwater Horizon…



Deepwater Horizon…



Deepwater Horizon…



Deepwater Horizon…



Deepwater Horizon…



Deepwater Horizon…



Deepwater Horizon…



Juncus Marsh Food Web

Deepwater Horizon…



Juncus Marsh Food Web

Deepwater Horizon…



Juncus Marsh Food Web

Deepwater Horizon…



Juncus Marsh Food Web
Matrix

Deepwater Horizon…



Juncus Marsh Food Web
UEV Matrix

Matrix inversion technique computes 
UEVs for each compartment

Deepwater Horizon…



Juncus Marsh Food Web

Deepwater Horizon…



Q1 = Q1 + (J1 - J14 - J18 - Q1 * (D1 + E1 + R1) - 0.2 * Q1 * Sw1) * dt
Q2 = Q2 + (J2 - J24 - J26 - J27 - Q2 * (D2 + E2 + R2) - 0.25 * Q2 * Sw1) * dt
Q3 = Q3 + (J3 - J34 - J36 - J37 - Q3 * (D3 + E3 + R3) - 0.3 * Q3 * Sw1) * dt
Detritus = 0.2 * Q1 * Sw1 + 0.1 * Q2 * Sw1 + 0.4 * Q3 * Sw1
Q4 = Q4 + (J14 + J24 + J34 + J54 - J47 - J48 - J49 - Q4 * (D4 + E4 + R4)) * dt
Q5 = Q5 + (Jdet5 - J54 - J56 - J57 - J58 - Q5 * (D5 + E5 + R5) - 0.5 * Q5 * 

Sw1) * dt + MacroIn * SW2
Q6 = Q6 + (J26 + J36 + J56 - J68 - J69 - Q6 * (D6 + E6 + R6)) * dt '+ InsectsIn 

* SW2
Q7 = Q7 + (J27 + J37 + J47 + J57 + J87 - Q7 * (D7 + E7 + R7)) * dt '+ 

MammalsIn * SW2
Q8 = Q8 + (J18 + J48 + J58 + J68 + Jdet8 - J87 - J89 - Q8 * (D8 + E8 + R8) -

0.3 * Q8 * Sw1) * dt '+ FishIn * SW2
Q9 = Q9 + (J49 + J69 + J89 - Q9 * (D9 + E9 + R9)) * dt + BirdsIn * SW2
q10 = q10 + (D1 * Q1 + D2 * Q2 + D3 * Q3 + D4 * Q4 + D5 * Q5 + D6 * Q6 + 

D7 * Q7 + D8 * Q8 + D9 * Q9 - Jdet5 - Jdet8 - e10 * q10 + Detritus) * dt

Deepwater Horizon…



Juncus Marsh Model
“Steady State”

Deepwater Horizon…



Set known direct level of impact on 
compartments

Q1 – Algae  = 50%
Q2 – Spartina = 25%
Q3 – Juncus = 25%
Q4 - Crabs/Shrimp =?
Q5 – MacroInverts = 50%
Q6 – Insects = ?
Q7 – Mammals = ?
Q8 – Fish = 10%
Q9 – Birds = ?

Deepwater Horizon…



Juncus Marsh Model
“Oiled”

Deepwater Horizon…



Compute net change

Deepwater Horizon…



Many simulations changing 
impact conditions

Deepwater Horizon…



Net difference in each compartment * UEV = Emergy loss

To compute the 
emdollar value, use 
Emergy/$ ratio from 
the USA economy....
(2.0 E12 sej/$)

~ $77,300/ ha.

Deepwater Horizon…



Questions?
Comments?

Concerns?

Thank You…


