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REMEDE Toolkit: 5 steps for
 Equivalency Analysis 

! ! Step 1: Initial evaluation 

! ! Step 2: Quantify debits (environmental damage) 

! ! Step 3: Quantify credits (remediation gains) 

! ! Step 4: Scaling remediation (remediation costs) 

! ! Step 5: Monitoring & Reporting 
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A word about this case study 

! ! Purely hypothetical 
" ! This may or may not be considered ÒsignificantÓ by Swedish

 Authorities if it were to happen after 2007 

! ! PURPOSE: to illustrative REMEDE Toolkit methods 

! ! Disclaimer: I used actual data where available, but in
 other cases made assumptions for illustrative purposes 

! ! Therefore, my estimate of environmental liability is
 subject to these assumptions (!) 
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Step 1: Initial Evaluation 

! ! Assumes no primary remediation (nat. recovery) 

! ! Assumes prolonged period of service loss (2-4 yrs) 
Therefore, we need compensatory remediation ! 
! ! This analysis would be considered a Òsimple to

 intermediateÓ analysis (several months) 
" ! Assumes complete recovery to baseline 

" ! Well-defined area of impact (12 hectare harbour) 
" ! Well-defined baseline data from Helsingborg kommun 

" ! Simplified ecological assumptions (no modeling) 
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Step 2: Quantify Debits 

a)! Identify a metric to measure environmental change  

b)! Quantify the degree of service loss with ecological
 data (also known as Òquantifying the metricÓ) 

c)! Define baseline level of habitat services 

d)! Quantify the total debit (interim loss to the public),
 while accounting for timing (discount rate)  
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Step 2a: Identify a ÒmetricÓ  

! ! Resources affected by acid spill: 
" ! Water column 
" ! Fish 
" ! Plant species living on harbor bottom 
" ! Benthic organisms living on harbor bottom 
" ! * Sediment habitat * 

! ! Our Metric: habitat services provided by the
 harbor-bottom sediment 
" ! Importantly ->  recovery of Òsediment habitatÓ will lead

 to recovery of the other affected resources 
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Step 2a/2b: Quantify the metric  

! ! A metric needs to be quantified  in order to be used
 in an equivalency analysis 

! ! How can we quantify  the level of habitat services
 provided by Òharbor-bottom sedimentÓ? 3 options: 

1.! Total number of species (richness) 

2.! Species density (abundance) 

3.! Total weight of species (biomass) 

Because it is dynamic (i.e., damage occurring over time), we
 measure our metric in  Òhectare years Ó of habitat services 
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Step 2b/2c: Degree of loss &
 baseline 

We implicitly assume that richness, abundance, or biomass are good 
proxies for the level of habitat services  (our metric)  



Scott Cole, EnviroEconomics Sweden, Umeå, Sweden 

Step 2c: Baseline Conclusions 
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Step 2c: Baseline Conclusions 

! ! Two conclusions from our ÒbeforeÓ data (Ô98-Õ04) 
1.! Highly industrialised & polluted site 

2.! Improving baseline condition (e.g., reduced pollutants) 

No. 1. implies that a polluted pre-spill environment
 cannot justify remediation to ÒpristineÓ levels 

No. 2. implies that the interim loss includes an
 additional foregone improvement  loss 
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Step 2d: Quantify the Debits 
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Step 2d: Quantify Debits (Cont.) 

Category  

Start year 
End year (recovered) 
Degree of service loss 
Recovery rate 
Baseline 
Improving baseline ** 
Discount Rate  
Base year for analysis 
Spatial extent (how much?) 

DEBIT  Inputs 

2005 
2009 

100% loss 
Linear over 4 years (25% ann.) 

Defined by Òquantification metricÓ  
3% improvement annually 

4% 
2007 

12 hectare harbor 

Output #  TOTAL debit (interim loss).  LetÕ s do the mathÉ 
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Step 2d: Quantify Debits - baseline 
Year 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

É 

“Ha-yrs” of 
Habitat Services 

(unadjusted) 

12.0 

12.0 

12.0 

12.0 

12.0 

12.0 

12.0 

É 

“Ha-yrs” of 
Habitat Services 
(improvement) 

!- 

12.3 

12.7 

13.1 

13.5 

13.9 

14.3 

É 

“Ha-yrs” of 
Habitat Services 

(discounted) 

- 

13.3 

13.2 

13.1 

12.9 

12.8 

12.7 

É 

Baseline 
Improvement 
Factor (3%) 

- 

1.03 

1.06 

1.09 

1.13 

1.16 

1.19 

É 

Discount 
factor 
(at 4%) 

- 

1.08 

1.04 

1.00 

0.96 

0.92 

0.89 

É 

3% qualitative improvement 



Scott Cole, EnviroEconomics Sweden, Umeå, Sweden 

Step 2d: Quantify Debits Ð Post-spill 
Year 

2004 

2005 

2006 

2007 

2008 

2009 

2010 

É 

“Ha-yrs” of 
Habitat Services 

(discounted) 

12.00 

13.3 

13.2 

13.1 

12.9 

12.8 

12.7 

É 

Annual Debit  
due to the 
accident 

- 

13.3 

9.9 

6.5 

3.2 

0.0 

0.0 

33.1 

Annual 
Percent 

Service Loss 

- 

100 % 

75 % 

50 % 

25 % 

0 % 

0 % 

. $ !Total Debit 
Discounted service 
hectare years (DSHaYs) 
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Step 2d: Quantify the Debits 
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Step 3: Quantify Credits 
(gains from remedation) 

a)! Identified possible remediation projects 

b)! Identify key inputs to quantify (per unit) credits 

c)! Quantify (per unit) credits 
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Step 3a: Identify Remediation Projects 

! ! 3 possible remediation options that would offset

 this type of damage: 

1.! Remove existing contamination in the harbour  

2.! Restore existing/new local marine reserve (need net gain!) 

3.! Restoration of seagrass (eelgrass) habitat in the harbour  

We select Òrestoration of seagrassÓ for illustration
 purposes É but all 3 options are good examples
 of compensatory remediation  (if scaled
 correctly)  
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Step 3b: Identify inputs  

Category  

Start year 
End year 
Degree of service loss/gain 
Recovery rate 
Baseline 
Improving baseline ** 
Discount Rate  
Base year for analysis 
Spatial extent (how much?) 

DEBIT  Inputs 

2005 

2009 

100% service loss 

Linear over 4 years (25% ann.) 

Defined by Òquantification metricÓ 

3% improvement annually 

4% 

2007 

12 hectare harbour 

CREDIT  Inputs 

? 

? 

? 

? 

? 

? 

? 

? 

What we want to estimate ! 



Step 3a: Our assumed inputs 

After talking to the marine ecologists, we assume that: 

" ! we can start planting sea grass in 2008 
" ! it will take 3 years to grow and provide full Òhabitat

 servicesÓ from the sea grass beds (assume linear)  

" ! the project will provide credit (gains) for 100 years 
" ! uncertain Ð sea grass may not survive well in this

 environment, may become damaged by shipping, etc 

" ! If we assumed 200 yrs, very small difference in the
 credits we obtain (discounting!) 
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Step 3a: The key input:  
Degree of gain 

! ! Two resources that provide habitat services 
" ! Bare harbor-bottom sediment ( what we lost ) 
" ! Sea grass bottom (what we will provide ) 

! ! Which provides better Òhabitat servicesÓ? 
" ! No literature that quantifies the difference in

 terms of richness, abundance, biomass 
" ! But É There is another quantification metric we

 can use to describe the difference: productivity 
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Step 3a: Productivity Differences 
! ! Productivity measures how much energy and

 nutrients an ecosystem can produce (g AFDW/m2/yr) 

" ! Baden and Pihl (2006) quantified the difference 

" ! Implication: for each ha. of Òbare sedimentÓ we
 lose, we can remediate 0.6 ha. & have equal level
 of habitat services (1/1.5 = 0.6) 

" ! This is called a Òhabitat scalarÓ 
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Habitat Type Productivity 

Bare harbor-bottom sediment 4 

Sea grass bottom 6 

Relative improvement in Òhabitat servicesÓ 
from sea grass remediation 

1.5 



Step 3c: Quantify (per unit) credits  

REMEDE - Resource Equivalency Methods for Assessing Environmental Damage in the EU 
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Summary of inputs so farÉ  

Category  

Start year 
End year 
Degree of service loss/gain 
Recovery rate 
Baseline 
Improving baseline ** 
Discount Rate  
Base year for analysis 
Spatial extent 

Note: for simplicity , we assume no Òprobability of failureÓ (which would 
increase the amount of required remediation) 

CREDIT  Inputs 

2008 

2108 

1.5 times greater (habitat scalar) 

Linear (evenly) over 3 years 

Assume no sea grass prior to rem. 

- 

4% 

2007 

To be determined ! 
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Step 3c: Quantify (per unit) credits  
Year 

2008 

2009 

2010 

2011 

2012 

2013 

É 

2107 

Hectares 
remediated 
(per 1 ha.) 

1 

1 

1 

1 

1 

1 

É 

1 

Discounted  
Credit per 
hectare 

0 

0.46 

0.89 

1.28 

1.23 

1.19 

É 

.03 

% service 
gain over 
baseline 

0 

50 % 

100 % 

150 % 

150 % 

150 % 

É 

150 % 

Discount 
factor 
(at 4%) 

.96 

.92 

.89 

.85 

.82 

.79 

É 

.02 

Cumulative total 
(discounted 

credit per ha.) 

0.00 

0.46 

1.35 

2.63 

3.87 

5.05 

É 

34.4 
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Step 3c: Quantify (per unit) credits 
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Step 4: Scaling Remediation 

! ! To scale, we divide the total debits (33.1) by
 the per unit credits (34.1) 

! ! = 33.1 DSHaYs / 34.1 DSHaYs per hectare 
! ! = ~ 1 hectare 

! ! Thus, 1 hectare of seagrass remediation
 provided today (in 2008) exactly off-sets the
 damage that occurred in the 12 hectare harbor
 between 2005 and 2009. 
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Wait a minute É 

! ! É if 12 hectares were damaged, why arenÕt we
 replacing 12 hectares ?! 

! ! We remediate 1 instead of 12 hectares because: 
1.! Habitat scalar  

" ! sea grass gives ÒbetterÓ habitat services, therefore
 need less of it.  

2.! Debits and credits occur at different times  

" ! Most of DEBIT occurs today (2005-2008) 
" ! Most of CREDIT occurs in the future (2008 Ð 2107) 
" ! The future is worth less to us (we are impatient!), which

 means we get less Òper unit creditÓ 
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What if CREDITS were not far in the future?  

! ! If our benefits are spread out over 100 yrs 

! ! If our benefits are squeezed into 10 yrs 

! ! Implication: responsible operators have an interest in
 remediation projects that last a long time (means less
 remediation today) 

DEBIT Per hectare 
CREDIT 

Scaled 
remediation 

33.1 34.4 
1 

(33.1/34.4) 

DEBIT Per hectare 
CREDIT 

Scaled 
remediation 

33.1 4.3 7.7 
(33.1/4.3) 
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Sensitivity Analysis: 
Changing the time horizon for remediation CREDITS 
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Step 4: Remediation Costs 

! ! How much will it cost to plant seagrass? 
" ! Permitting costs 
" ! Collect, prepare, install plants 
" ! Annual (or semi-annual) Monitoring 
" ! Overhead 
" ! Contingency costs 

! ! Fronseca 2002 estimated ~"105,000 /hectare. 

! ! Thus, 1 hectare x "105,000 = approximately ~"105,000 in
 environmental liability  

! ! May only be a rough approximation of costs in Sweden 
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Step 5: Monitoring & Reporting 

! ! Monitoring plan for seagrass remediation  
" ! Objective : To ensure the estimated seagrass remediation

 gains are actually provided  in the future 

" ! Monitoring (twice a year) should be based on the
 quantification metrics (richness, abundance, biomass) 

" ! Contingency plans should be explicit in the event that the
 estimated gains are not actually realized several years

 into the future  
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Conclusions: Pre-spill data 

! ! 7 years of ecological data describing the PRE-SPILL
 environment were valuable 
" ! Conclusion #1: a historically polluted harbor 

! ! Without this data the operator may have (wrongly) been required to
 remediate to a ÒpristineÓ level 

" ! Conclusion #2: improving environmental conditions 
! ! Without evidence of an improving baseline, the publicÕs loss of habitat

 may have been insufficiently compensated 

! ! What if we didnÕt have PRE-SPILL information? 
" ! Alternative: Can taken samples at a nearby location and try

 to estimate the pre-spill conditions (reference location) 
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Conclusions: Importance of 
 metric selection 

! ! We assumed richness (or abundance or biomass)
 represented the change in Òhabitat
 servicesÓ (HEA) 

! ! We could have assumed that the population of
 mudsnails represented the change in Òhabitat
 servicesÓ (REA) É and might have come out with a
 different result 

! ! Conclusion: choice of metric is very important ! 
" ! Studies show that the amount of remediation (and

 environmental liability) is dependent on the metric chosen 
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 T H A N K S ! 
QUESTIONS ? 

Scott Cole 

www.eesweden.com 

scott@eesweden.com 
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Sensitivity Analysis: 
Improving baseline & interim loss 


