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ABSTRACT: Through the process of natural resource damage assess-
ment (NRDA), certain public agencies have the authority to recover 
monetary damages from parties responsible for injury to natural re-
sources from a discharge of oil or a release of a hazardous substance. 
Computer simulation models have been developed as simplified pro-
cedures for these natural resource trustees to use in calculating damages 
without undertaking extensive field studies. The revised Natural Re-
source Damage Assessment Model for Coastal and Marine Environ-
ments (NRDAM/CME) and the Natural Resource Damage Assessment 
Model for the Great Lakes Environments (NRDAM/GLE) are being 
developed to serve an expanding user community of public natural 
resource trustees. These tools may enable natural resource managers to 
expedite settlements and execute environmental restoration. 

To estimate the potential use of the NRDA models for oil spills, the 
authors have developed a set of candidate spill occurrences based on the 
historical record. Representing an estimated 337 applicable spill events 
in the subject year, 121 model runs generated damage figures ranging 
from zero to more than half a million dollars. 

An assortment of legislation empowers federal, state, and tribal 
"natural resource trustees" to recover monetary damages from parties 
responsible for injury to natural resources from discharges of oil or 
releases of hazardous substances. These recoveries constitute compen-
sation for the public and are to be used for restoration of the injured 
resources. The process for determining claims is termed natural re-
source damage assessment (NRDA). The U.S. Department of the 
Interior (DOI) is involved in a major effort to revise, expand, and 
reissue the regulations—originally issued in 1986—for conducting 

1. Opinions or assertions expressed in this paper are solely those of the 
authors and do not necessarily represent the views of the U.S. Govern-
ment. 

NRDAs. Similarly, the National Oceanic and Atmospheric Adminis-
tration (NOAA) is developing NRDA regulations for oil spills in navig-
able waterways, pursuant to the Oil Pollution Act of 1990 (OPA 90). 

The Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA) specifies two types of damage assess-
ment procedures. Type A procedures are applicable to relatively minor 
incidents and employ standard procedures requiring minimal field 
observation. In practice, Type A procedures developed to date are 
computer simulation models that calculate natural resource damages 
based on a set of user-supplied data, such as product spilled, spill 
location and amount, and wind conditions. Type B procedures are 
appropriate for larger, more complex incidents that require site-spe-
cific studies and analyses. 

NRDA modeling. Conceptual acceptance of computer simulation 
models began in the mid-1960s. Through the 1970s and 1980s, models 
became "routine fixtures of the policy analysis process" particularly in 
the field of economic analysis.9 The integration of economic and envi-
ronmental modeling efforts has been the focus of much attention in 
recent years. One area where the federal government has been active is 
the application of modeling technology from both these fields to the 
estimation of natural resource damages under CERCLA and, more 
recently, under OPA 90. 

In 1986, DOI issued NRDA regulations pursuant to CERCLA, as 
amended. These regulations (43 CFR Part 11) provide procedures for 
natural resource trustees to assess damages against parties responsible 
for the release of oil and hazardous substances. In 1987, DOI devel-
oped a simulation model as a simplified (Type A) damage assessment 
procedure and incorporated it as part of its NRDA regulations. The 
simulation model, known as the Natural Resource Damage Assess-
ment Model for Coastal and Marine Environments (NRDAM/CME 
Version 1.2), combined information on physical fates and biological 
effects with economic analysis.7 This modeling effort presented certain 
challenges, since the object of damage assessment is to calculate a 
dollar amount to be demanded of responsible parties as compensation 
for natural resource injuries. Modeling efforts for policy analysis, on 
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the other hand, may be intended merely to determine whether or not 
total benefits exceed total costs. Therefore, particular attention must 
be paid to the accuracy and precision of the empirical estimates and 
relationships included in damage assessment models. 

The capabilities and limitations of the original version of the 
NRDAM/CME are examined by Ott and Brown.410 Natural resource 
trustees have employed the model as the principal assessment pro-
cedure for claims in several cases, and as a screening tool for a number 
of small spills. The modeling effort demonstrated the ability to incor-
porate complex environmental and economic concepts into a practical 
tool that a natural resource manager, equipped with a personal com-
puter, could use. 

Advances in the fields of computer technology, data management, 
data visualization, and graphic user interfaces have enabled the devel-
opment of modeling tools which can be much more widely applied than 
has been possible to date. The effort to both accommodate the com-
plexities of modeling real world phenomena and present the user with 
the simplified interface needed to encourage model use has resulted in 
a revision of the NRDAM/CME (Version 2.1) and a new simulation 
model, the Natural Resource Damage Assessment Model for the 
Great Lakes Environments (NRDAM/GLE Version 1.2). The NRDA 
models have been developed by Applied Science Associates of Nar-
ragansett, Rhode Island. A full discussion of the models and their 
algorithms and assumptions can be found in their technical documen-
tation and in a book by French and Reed.2'3'6 A general discussion of 
the NRDAM/GLE is given in the Federal Register notice of proposed 
rulemaking published on August 8, 1994 (59 FR 40319). 

These NRDA models reflect an expanded technological capability 
to handle large volumes of data on small platforms such as personal 
computers.8 This expanded capability enhances the resolution of in-
jury determination and quantification calculations and improves the 
reliability of the resulting damage assessment. The models incorporate 
expansive environmental databases, which are geographically refer-
enced. Building on this data-intensive foundation, the models provide 
an enhanced user interface, relying on graphic displays rather than the 
numeric listings used in the original NRDAM/CME. The provision of 
an enhanced user interface and animated output should promote wider 
use of the models by, in Salt's words, making "the logic and the results 
of the simulation much more comprehensible to the non-computing 
manager."11 With these new capabilities, the NRDA models are in-
tended to serve an expanding user community of public natural re-
source trustees. These tools may enable natural resource managers to 
expedite settlements and execute environmental restoration. 

In addition, the models should be of value to industry and insurers, 
allowing them to calculate with some certainty the projected monetary 
consequences of spill events likely to occur in the course of conducting 
business. Being able to predict such costs should lead to appropriate 
investment in preventive measures to reduce such risk. 

The NRDAM/CME and NRDAM/GLE are each composed of four 
submodels. The physical fates submodel estimates the geographic and 
temporal distribution of a contaminant in the environment. The bio-
logical effects submodel estimates the biological mortality and produc-
tion losses due to exposure. The restoration submodel determines 
whether certain restoration actions will reduce compensable value. 
Finally, the compensable value submodel calculates the lost economic 
values associated with forgone use of the injured natural resource 
before restoration has been completed. The resulting damage estimate 
equals the cost of the chosen restoration action plus the lost economic 
values prior to restoration. 

The limited availability of empirical studies for the development of 
the NRDA models has imposed certain restrictions on applicability. In 
general, these models are designed for relatively minor incidents in-
volving only one contaminant that enters the environment at or near 
the water surface. The primary injury resulting from the incident 
should be direct or indirect mortality of biological resources. Lost 
economic values associated with injured water treatment facilities, for 
example, are not calculated by these models. Lost economic values 
prior to restoration should result primarily from lost commercial har-
vests of fish or furbearer species, lost recreational harvests of fish or 
waterfowl species, lost wildlife viewing, lost beach visitation, and lost 
boating opportunities. Finally, significant additional injuries should 
not result from immediate response and cleanup actions. 

The results obtained from the NRDA models may need to be 
supplemented, or even replaced, by on-site Type B studies in cases that 
do not conform to these restrictions. Nevertheless, it is anticipated that 
the NRDAM/CME and NRDAM/GLE will be beneficially employed 

in a significant number of natural resource cases that would not other-
wise be pursued, due to the relatively high cost of site-specific studies 
and analyses. 

The development of simplified procedures such as the NRDA 
models may facilitate the settlement of cases that would not be pursued 
under Type B procedures, thereby increasing the likelihood that the 
public will be more completely compensated for natural resource 
injuries. Such internaUzation by responsible parties of the costs of 
natural resource injuries will promote the efficient use of resources and 
contribute to overall economic productivity.5 These benefits are poten-
tially substantial. 

Methodology 

This study was designed to provide an indication of the potential 
level of usage for oil spill incidents of the NRDA models currently 
being promulgated as federal regulations. One of the primary determi-
nants of the level of usage of the model is the number of applicable spill 
events. Rather than estimate economic effects based upon a hypotheti-
cal estimate of model usage, the authors have developed a set of 
candidate oil spill occurrences based on the historical record. Such a 
record is maintained by the U.S. Coast Guard. Analysis of the histori-
cal spill record reveals the events that would have been likely candi-
dates for damage assessment and settlement pursued through the use 
of the NRDA computer models. Extracting a typical or representative 
year and applying the models to the appropriate spill events yields the 
distribution of damage recoveries that might be expected annually. 

Spill data. The oil spill data used to produce this report were pro-
vided by the Strategic Environmental Assessments (SEA) Division of 
NOAA. SEA originally obtained the spill information from the U.S. 
Coast Guard's Marine Pollution Retrieval System (MPRS). This sys-
tem (formerly known as the Pollution Incident Response System) 
maintains 23 fields of data for each spill reported to the Coast Guard, 
including facts on the spill event, response, and penalty. All spills 
reported to the Coast Guard are included in the system. 

As of September 1990, when NOAA received the data from the 
Coast Guard, approximately 210,000 records covering spills through-
out the world were included in the MPRS data base. Based on NOAA's 
interest in analyzing spills in U.S. coastal and ocean waters, a subset of 
these spills was extracted through a series of edits. These edits removed 
spills that did not directly enter water; were assigned to noncoastal 
states; were assigned to noncoastal water bodies; were assigned to 
other countries or territories; were not petroleum hydrocarbon re-
lated; were inland of coastal portions of states; and occurred prior to 
the five most recent years contained in the database, 1985-1989. The 
edits reduced the number of spills in the data set to slightly fewer 
than 23,600. 

In addition to the edits that removed spills from consideration, 
NOAA also modified some records in the data set as part of its quality 
control procedures. These procedures uncovered many locational er-
rors in the original data. Where possible, NOAA corrected these 
errors and retained these records for analysis. Some of the spills in this 
data set, however, still have location errors that exceed 10 miles. 

The authors reviewed the available data and determined that 1988 is 
a representative year, with a typical frequency distribution, is consis-
tent with long-term data, and does not contain anomalies such as the 
1989 Exxon Valdez spill. The selection of 1988 as a representative year 
reduced the size of the data set to 4,549 events. 

The frequency distribution for oil spill events is strongly skewed 
toward smaller volumes. That is, the number of spill events increases 
dramatically as spill size decreases. Conversely, the larger spills in the 
distribution have a very low frequency of occurrence. Available data 
indicate that 99.8% of spills are less than 50,000 gallons, and 99% are 
less than 10,000 gallons.1 In the subject year (1988), 4,520 of 4,549 spill 
events in the data set (99.4%) were less than 10,000 gallons. Of the 
total 4,549 spill events, only 511 exceeded 100 gallons. Of these, 124 
exceeded 1,000 gallons, 32 exceeded 10,000 gallons, 8 were greater 
than 100,000 gallons, and only one exceeded 1 million gallons. 

While absolute upper and lower volume thresholds do not serve as 
criteria for the application of the models, most of the spills in the data 
set are far below the volume anticipated to cause injury sufficient to 
initiate a natural resource damage assessment. The study employed a 
lower limit of 100 gallons for executing the damage assessment models. 
It is acknowledged that some spills this size and smaller may generate 
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significant damages. The compensation formulas proposed by NOAA 
(January 7,1994; 59 FR1062), which were derived from NRDA model 
runs, can address a spill as small as 10 gallons. On the other hand, 
many of these smaller spills simply may not be cost effective to pursue 
for natural resource damages. The results of the study indicate that 
many of the spills larger than 100 gallons also generate small damage 
figures. 

Additionally, as noted above, the NRDA models are not likely to be 
appropriate estimators of damages for very large and complex spills. 
Because of the variability in environmental sensitivity and toxicity of 
spilled material, it is not practical to determine a threshold size for 
"large spills." The NRDAM/CME and NRDAM/GLE regulations as 
proposed by DOI do not identify a threshold. In its proposed rulemak-
ing, NOAA has suggested an upper limit of 50,000 gallons for the use of 
the proposed compensation tables derived from the models; but no 
upper limit is proposed for the use of the models themselves. Accor-
dingly, no upper threshold was set for the identification of spills too 
large or complex for application of the NRDA models. Hence, no large 
spills were excluded in the modeling effort for the subject year. The 
largest spill in the data set was 2,041,662 gallons or 47,897 barrels. 

Of the 511 spill events greater than 100 gallons, an additional 23 were 
excluded because no oil-equivalent designation for the spilled material 
was available for model input, no location data was contained in the 
record, or the events were outside of the area of study. Thus, the edited 
data set examined in this study included 488 spill events for the year, 
ranging in size from just over 100 gallons to more than 2 million gallons. 

Procedures. The government review draft versions of the NRDAM/ 
CME (Version 2.1) and NRDAM/GLE (Version 1.2) were used for 
simulating spill events. Version 1.2 of the NRDAM/GLE became 
available for public review as part of DOI's August 8,1994, proposed 
rulemaking. Version 2.1 of the NRDAM/CME is scheduled for release 
later this year. 

The procedure for estimating damages with the NRDA models had 
two components. First, the models were executed for all discrete spill 
events in the edited data set with volumes that exceeded 1,000 gallons 
(124 separate model runs). To address the remaining spills, greater 
than 100 gallons but less than or equal to 1,000 gallons, systematic 
sampling of 10 percent of the records was employed. A total of 163 
model runs were attempted, to represent damages for the 488 spill 
events in the edited data set. 

Many of the spill location coordinates in the edited data set repre-
sented sites that are actually on shore despite being designated as spills 
"into water." Both the NRDAM/CME and NRDAM/GLE have some 
capability to "correct" spill locations on land, moving them to nearby 
water sites. Beyond a certain distance, however, the models do not 
make this correction, interpreting the coordinates as land locations and 
hence as inappropriate model input. Thirty-eight model runs referred 
to spill locations inappropriate for the Type A models. In addition, two 
spill event records for the Gulf of Mexico and two for Alaska repre-
sented incidents that involved more than one spilled substance, making 
the model inapplicable to those events. 

Following these exclusions and accounting for the reduction in appli-
cable events represented by the sample of events greater than 100 but 
less than or equal to 1,000 gallons, 121 model runs were successfully 
executed, representing 337 spill events for the year that are potential 
candidates for application of the NRDA models. 

The results of the model runs were expanded to account for the 
sampled spill events greater than 100 but less than or equal to 1,000 
gallons. All damage figures were calculated to current (first quarter 
1994) dollars. The economic databases employed by the NRDA 
models were developed using the gross national product implicit price 
deflator. Therefore, all adjustments to calculate current dollar 
amounts reflect this price deflator. 

Model input and assumptions. The edited data set provided values 
for the following model input parameters. 

• Time of spill (hour, day, month, and year) 
• Material spilled or closest equivalent 
• Amount spilled (gallons) 
• Location of spill (latitude and longitude) 
For the NRDAM/GLE, wind-driven currents are determined by the 

model. However, for the NRDAM/CME the user is required to pro-
vide both background and tidal currents for the spill event. For most 
spill events, background (nontidal) currents are low and can be ex-
cluded from multiple model runs.1 While tidal currents can be impor-
tant, especially near shore, the extent of the data required for all the 
site-specific events prohibited their inclusion in this study effort. Sim-

ilarly, site- and time-specific wind data could not be provided for each 
discrete spill event. A wind file indicating zero wind for the 24 hours 
immediately prior to the spill was input for each spill event. The 
provision of this wind file causes the model to calculate stochastic 
winds based on climatic mean monthly data. The model uses these 
winds as a primary factor in the movement of the oil. 

The default values contained in the model for other parameters, 
such as air and water temperature, suspended sediment, and settling 
velocity, remained unaltered. The model runs assumed that no recre-
ational facilities or areas were closed as a result of oil spills. Therefore, 
the results of these runs understate actual damages to the extent that 
such closures occur. Finally, any damages estimated to extend into the 
future were discounted at the models' default rate of 7 percent per year 
in accordance with standard government practices (Office of Manage-
ment and Budget Circular A-94, October 29, 1992). 

Results 

The NRDA model runs were grouped into five geographic regions: 
Atlantic, Gulf of Mexico, Great Lakes, Pacific, and Alaska. For each 
region, the edited data set identifies a significant number of spill events 
that may be candidates for the NRDA models. Table 1 shows a regional 
breakdown of model runs executed and the estimated numbers of spill 
events they represent. Figure 1 displays the distribution of estimated 
spill events by spill size, with an indication of the estimated average 
damages per incident. 

The model output indicates that substantial damages might be ob-
tained through the use of the NRDA models. The 121 model runs 
generated damage figures ranging from zero to $545,874. For the 
estimated 337 applicable spill events in the subject year, total damage 
estimates for all regions was $959,835. Twenty-five events generated 
damage estimates of over $1,000. However, more than 90 percent of 
the total damages estimated for the year resulted from the six largest 
damage figures. The single largest damage estimate accounts for more 
than half of the total damages estimated for the year. 

Table 2 summarizes the damage figures generated by the model 
runs. Figure 2 displays the distribution of estimated spill events by 
damage amounts calculated by the models. Brief regional summaries 
are also provided below. 

Atlantic Coast. The NRDAM/CME was applied to 35 spill events 
representing 104 events for the year. The 35 model runs simulated spill 
events ranging from 126 to 63,000 gallons. Inferring from the sample of 
spills greater than 100 and less than or equal to 1,000 gallons, the 104 
spill events generated damage figures totaling $20,521. Of these, two 
events resulted in damage calculations exceeding $1,000. 

Gulf of Mexico. The NRDAM/CME was applied to 41 spill events 
representing 110 events for the year. The 41 model runs simulated spill 
events ranging from 126 to 644,700 gallons. Inferring from the sample 
of spills greater than 100 and less than or equal to 1,000 gallons, the 110 
spill events generate damage figures totaling $86,127. The two largest 
spill events generated damage figures of $23,408 and $34,583. Nine 
events resulted in damage calculations exceeding $1,000. 

Great Lakes. Sixteen oil spills exceeding 100 gallons were identified 
in the Great Lakes region that may be appropriate for the NRDAM/ 
GLE. Nine spill events were simulated by the NRDAM/CME repre-
senting these sixteen spill events for the year. The nine model runs 
simulated spill events ranging from 200 to 40,000 gallons. Five of the 

Table 1. Applicable spill events and representative model runs for 
subject year (1988) 

100 to 1,000 gallons > 1,000 gallons 
Region 
Atlantic Coast 
Gulf of Mexico 
Great Lakes 
Pacific Coast 
Alaska 

Total 

Events 
77 
77 
8 

44 
36 

242 

Model runs 
8 
8 
1 
5 
4 

26 

Events 
27 
33 
8 

14 
13 
95 

Model runs 
27 
33 
8 

14 
13 
95 
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Figure 1. Estimated distribution of incidents by spill size (excluding spills less than or equal to 
100 gallons) 
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Annual Number of Incidents 

model runs generated estimated damages of greater than $1,000. 
Three of the spills generated damage figures of approximately $2,000; 
one generated a damage figure of approximately $15,000; and one 
generated a damage figure of almost $200,000. 

Pacific Coast. The NRDAM/CME was applied to 19 spill events 
representing 58 events for the year. The 19 model runs simulated spill 
events ranging from 126 to 227,304 gallons. Inferring from the sample 
of spills greater than 100 and less than or equal to 1,000 gallons, the 58 
spill events generated damage figures totalling $558,509. Four events 
resulted in damage calculations exceeding $1,000. One event gener-
ated damages of $545,874. 

Alaska. The NRDAM/CME was applied to 17 spill events repre-
senting 49 events for the year. The 17 model runs simulated spill events 
ranging in size from 150 to more than 2 million gallons. Inferring from 
the sample of spills greater than 100 and less than or equal to 1,000 
gallons, the 49 spill events generated damage figures totaling $71,595. 
One event generated damages in excess of $47,000. Five events gener-
ated damage estimates exceeding $1,000. 

Discussion 

The level of generalization necessary to conduct an exercise such as 
this study precludes a high level of accuracy for the model results of any 
single spill event. However, the errors in input parameters should tend 
to offset one another in the aggregate. Some of the assumptions and 
procedures used in this study will decrease the damages estimated by 
the model, while others will increase the damage estimates. 

The exclusion of spills affecting U.S. Pacific islands and holdings in 
the Caribbean depresses this study's total damage figure generated by 
the model runs. Also, spills that do not enter the water directly have 
been excluded from the data set. Insofar as some of these spills may 
enter the water indirectly (for example, through storm sewers or over 
land) the study results may be understating the applicability of the 
models and the potential total damages. 

The exclusion of closure data for recreational and harvest areas 
results in the failure of the damage estimates to capture all economic 

losses associated with public use and enjoyment of natural resources. 
Furthermore, certain damages, such as forgone non-use values and 
wildlife viewing by tourists, are not calculated by the models. This 
exclusion would cause the model results to understate actual damages 
for some incidents. An interesting hypothesis is that, as spills become 
larger and more complex, the damages not estimated by the models, 
such as those identified above, become a larger portion of an accurate 
damage figure. 

The edited data set included only spills of oil products or substances 
for which a comparable oil could be substituted. Indeed, petroleum 
products are by far the largest category of pollutant in available inci-
dent databases. The preedited database was approximately 98 percent 
petroleum products. However, in addition to oil, the NRDA models 
will specifically address more than 450 spilled substances. Inclusion of 
hazardous material spills in the study could be expected to raise the 
amount of estimated damages for the year. 

Other factors would likely overstate actual damages. Spill events 
were included for analysis based strictly on physical parameters such as 
size and location. This approach may provide a good estimation of 
potential use but does not consider institutional factors, such as 
trustees' ability to pursue damage assessment. Alternatively, some 
states have their own systems for calculating damages. Even if apphca-
tion of the NRDA models is appropriate, they might not be used to 
develop a claim. 

Furthermore, these model runs do not account for any immediate 
response or cleanup actions that are directed by EPA or the U.S. Coast 
Guard. Only the residual level of loss may be captured through the 
natural resource damage assessment process. The exclusion of these 
immediate response actions from the model runs fails to reflect the 
diminution in residual loss. This exclusion may result in an overestima-
tion of damages for certain spill events. 

Although this study represents only a limited treatment of the 
historical data, execution of the NRDA models for these events has 
provided an indicator of both the frequency of the models' apphcation 
and the level of the models' damage estimates in future events. This 
information can be used to discern implications about the potential 
liability of responsible parties for oil spills. It also provides some 
indications about the ability of natural resource trustees to recover 
damages and pursue restoration on behalf of the public. 
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Table 2. Damage estimates of natural resource damage assessment models (dollars) 

343 

Region Minimum Maximum Median Mean Total damages 
Atlantic Coast 
Gulf of Mexico 
Great Lakes 
Pacific Coast 
Alaska 

Total 

0 
0 

56 
0 
0 

1,559 
34,583 

199,471 
545,874 
47,444 

8 
29 

100 
24 
21 

198 
763 

13,943 
9,467 
1,461 

20,521 
86,127 

223,083 
588,509 
71,595 

$989,835 

Annual Number of Incidents 

300 

250 

200 

160 -r 

100 

$0-0.1 $0.1-1 $1-10 $10-100 

Thousand Dollars/Incident 
$100 * 

Figure 2. Estimated distribution of incidents by damages (excluding spills less than or equal to 
100 gallons) 
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availability of these models than if only Type B procedures were 
available. An objective of developing the models is to increase the 
effectiveness of natural resource trustees in pursuing damages to be 
applied to restoration. Thus, one measure of the benefit of such models 
is the additional damages collected by trustees as a result of the models' 
availability. This benefit obtains from the lower assessment costs of the 
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expectation that the models will prove themselves useful and effective 
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trustees and responsible parties. If so, they will represent significant 
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ronmental restoration. 
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