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ABSTRACT: Environmental impact assessment (EIA) is the 
basis for all environmental contingency planning in Norway. 
Dating back to the early 90s, the tools for assessing the 
consequences to the environment has continuously been 
improved. Today the models cover both land based and marine 
resources. The presentation will focus on a model for identifying 
land based environmental resources most vulnerable to acute 
pollution and how to give correct priority to each resource. The 
model is called MOB. It is primarily intended to be used as a tool 
when establishing contingency plans for accidental pollution. The 
model is made independent of the chemical spilled The outcome 
is a prioritised vulnerability map with simple and easy to 
understand symbols for each location. 

1 Introduction 

This report describes a proposal for a model (in Norway known 
as the MOB model) which will make it possible to identify which 
environmental resources are most vulnerable for accidental 
pollution, how to give priority to each resource and how to 
present the results on a map. This presentation is based on 
"Emergency preparedness for acute pollution (marine 
environmental resources)" (Anker-Nilsen, T. et al, 1996 /l) and 
"Model for identifying and prioritising environmental resources 
(terrestrial environmental resources)" (Anker-Nilsen, T. et al, 
200112). The model can, with minor adjustments, be applied both 
for marine and terrestrial resources. The maps produced will form 
a basis for the risk analysis and contingency planning at 
municipal, national and private level and are also used in 
response situations. There are some small variations between the 
marine version and the terrestrial version of the model. This paper 
will concentrate on the terrestrial version of the model. 

1.1 Goal. The main purpose of the MOB model is to identify 
and give a relative ranking to environmental resources, including 
populated areas. This will enable the contingency planners and 
responders to make the right decisions on the best possible basis. 

1.2 Background. There has been a need, both for contingency 
planning purposes, but also in response situations, to have better 
decision support tools. Norwegian Pollution Control Authority 
initiated in 1993 a project to improve the data for such decision 
support. The idea was to produce environmental data which are 
relevant in accidental pollution situations, and present these on a 

format suited for responders. This will improve the deployment 
of limited response resources. 

The model has been developed for terrestrial and marine 
resources in Norway. It has proved an important tool in the 
contingency planning process. The end result will be an 
environmental sensitivity map to be included in the contingency 
plans. Before release for general use, the model was tested in a 
separate project covering one county in Norway. Results from 
this test were implemented in the model. The test and also later 
use has proven the model to be a valuable tool. However there are 
still work to be done and improvements to be made as we gain 
more and more experience with the model. 

1.3 Model application. The MOB model is to be used in the 
mapping and prioritising of environmental resources vulnerable 
to accidental pollution. The end result of the model - the 
environmental map - is a most valuable tool both in contingency 
planning and also in response situations. 

The model has three major goals: 
• Ensure the environmental aspects are taken into account 

in the contingency plans 
• Improve availability of environmental data in the 

contingency plans to give the optimum decision support 
under response actions 

• Enable a co-ordinated and standardised production, 
ranking and presentation of environmental data in the 
contingency plans 

The model " makes it easier to identify areas vulnerable to 
accidental pollution and how these can be given a relative and 
operational ranking which is valuable in a response situation. 

The model is independent of the type of chemical and of the 
amount spilled. Thus the On Scene Commander for an actual 
accident situation must evaluate, and adjust if necessary, the 
priority suggested by the model for the endangered area. 
However, it seems that in most cases the ranking given by the 
model can be used as it is. 

The model includes environmental resources vulnerable to 
accidental pollution on land and sea, which have a possibility of 
being exposed to such pollution. The model requires that there is 
both a possibility for a release of a hazardous substance and the 
presence of environmental resources vulnerable to this specific 
release. In addition to the environmental resources, the model 
also takes into consideration populated areas which can be 
exposed. These areas have been given a higher ranking than the 
environmental resources. 

Environmental resource. An environmental resource is 
defined as every biological, geographical or physical/chemical 
component of nature, or a man made resource or activity directly 
associated with one or more such components. 
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Figure 1. A spill develops from a spill source (the open circle - represents an establishment, a tank, a truck). The spill 
originates from a leak, a rupture (the green filled circle) and is transported through a transport route (in air, in/on water, in the 
ground) to the vulnerable environmental resource. The probability of damaging the resource is dependent both on the 
existence of a transport route and that the resource is vulnerable to the polluting agent. 

2 Vulnerable areas 

General coverage area. The model covers all areas of land, 
fresh water and sea water. 

Vulnerable areas. The model will be limited to areas with 
sensitive environmental resources which has a reasonable 
probability of being hit and damaged by accidental pollution. 
Accidents with very low probability, e.q. air accidents, are 
excluded. The same goes for air pollution dispersed over large 
areas, e.q. radioactive fall-out. Also all areas distant from 
establishments handüng oil or other chemicals or far from 
transport routes for Dangerous Goods, will be excluded. Then the 
polluting agent must have a transport route to the resource. If no 
such transport can take place, the resource is not vulnerable. 
Finally the resource must be adversely affected by the chemical. 
Only resources which will actually be damaged by the pollution 
will be taken into account. Further, areas with a lack of sensitive 
resources are also left out. 

In some cases the vulnerability, even if hit, is zero based on a 
thorough evaluation of the resource itself. This is often the case if 
the size of the area is so large that only smaller parts can be 
affected by an accidental pollution. Also the condition of the 
resource can result in zero vulnerability. 

Resources in the remaining areas will be evaluated further in 
the respect of four criteria; naturalness, repairability, natural 
value and vulnerability. This is dealt with in chapter 3. 

Rivers and lakes are vulnerable up to the high-water mark. 
Normally a buffer zone of 50 meters (or more in special cases) is 
added to this. Resources in direct contact with this buffer zone are 
also included. 

A buffer zone of 50 m is also applied with respect to ditches, 
fresh water and sewer piping. Normally the same buffer zone can 
also be applied for pollution transport over bedrock, in 
gravel/sand/silt and in ground water. 

All areas within 200 meters from road or railway with regular 
transportation of Dangerous Goods are regarded as vulnerable. 
Also resources in contact with this zone must be regarded as 
vulnerable, e.q. water resources down stream from the 200 m 
zone. There must be set a practical limit for how far from the 
point of pollution this shall apply. 

Areas within 1 km from establishments storing and handling 
significant amounts of oil or other chemicals are regarded as 
vulnerable. Around major establishments and large industrial 
areas this can be expanded to 2 km (or more in certain cases). If 
the establishment is located close to a water resource, the 

sensitive zone should be expanded down stream, normally to the 
outlet. If there is a possible pollution from very toxic gases, from 
an establishment or a pipe line, a special assessment should be 
made. 

3 The model 

3.1 Criteria to be evaluated. The model is a ranking system 
based on four criteria being evaluated for each environmental 
resource. These independent criteria are linked together in a 
product model. The four criteria are: 

I. Naturalness: Does the resource occur naturally in that 
area? 

Π. Repairability: Can damage to the resource be repaired by 
financial means? 

IE. Conservation status: What is the natural conservation 
classification for the resource? 

IV. Vulnerability: How vulnerable is the resource to 
accidental pollution? 

I will now give a more detailed presentation and explanation of 
the principles behind each of above criteria. In order to obtain and 
maintain standardisation in the use of this model, all users must 
follow the principles mentioned below. 

3.1.1 Naturalness. Natural occurring resources will always 
have a higher rank than introduced resources. Thus the model 
specifies the use of factor 2 for these, while introduced resources 
are given a factor value of 1. Examples of introduced resources in 
Norway are fish farming, cultivated landscape and introduced 
species like mink. 

3.1.2 Repairability. Resources which cannot be fully replaced 
by financial or other means are given a factor value of 2 for 
repairability. By setting a factor value of 1 for resources which 
can be replaced in this way, we will assure that irreplaceable 
resources are given a higher priority. Financially repairable 
resources includes most introduced and man made resources -
because we in most cases can introduce or make them once more. 

3.1.3 Conservation status. Resources identified as high 
conservation interest areas (both by governmental decision and 
those which are proposed) will be given a higher ranking than 
those of low conservation interest. In this context the percentage 
of a resource which can be endangered must be seen in relation to 
the total spread of that resource. In the assessment of this third 
model value we divide the possible conservation classification in 
four categories: No or negligible value - factor value set to 0; 
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local value - factor value set to 1; regional value - factor value 
set to 3 and national/international value - factor value set to 3. 

Based on international conventions and other inputs, we have 
classified different types of natural environment according to 
table 3. The table is based on a report from The Directorate for 
Nature Management (ref. 1). Since these classifications are the 
result of thorough professional assessments, the model assumes 
that the nature types in table 3 at least will qualify as resources of 
local value (factor =1). 

Areas not included in the table and without documented 
conservation interests, will normally be given the factor value 0 
(zero). 

3.1.4 Vulnerability to accidental pollution. The environmental 
resources must be assessed according to their vulnerability to 
accidental pollution. This is done by model factor IV -
Vulnerability. When assessing the vulnerability, two elements 
will be taken into account: the damage done to the resource and 
the recovery time. 

In chapter 5 a first proposal of the vulnerability factor value is 
given. The main groups of environmental resources are: 

• Drinking water 

Other water sources 
March 
Forest 
Culture landscape 
Other natural resources 
Nature based activities and industry 
Ancient and cultural monuments 

3.1.5 Seasons. Most of the environmental resources do not 
have the same vulnerability all year through. The variations can 
be due to the number of species changing from month to month, 
the latitude, the height above sea level or other reasons. 

The vulnerability values given in table 3 are valid for the 
period the resource is considered most vulnerable. The 
vulnerability is also affected if the soil is frozen. In general the 
factor value is reduced with 1 if the soil or the waterway is 
frozen. 

3.2 The basic principle of the model. For each 
environmental resource one factor value for each of above four 
criteria is set. This is summarised in table 1 below. 

Table 1. Setting the values of the MOB model. 

Factor No Value 

Naturalness 

Repairability 

Conservation status 

Vulnerability 

I 

Π 

m 

IV 

Negligible 

Negligible 

No 

Yes 

Local 

Low 

Yes 

No 

Regional 

Medium 

National or 
international 

High 

The criteria are independent of each other and have equal 
weight in the model. Thus we can calculate a priority value P: 

P = IxIIxIIIxIV 

We can derive from this that resources with conservation 
status = negligible and/or no vulnerability for accidental 
pollution, will be given the priority P = 0. This is an advantage of 
the model and gives the possibility to leave out resources which 
are not important in this context. We must remember that the 
model is set up to give input for contingency planners and as 
decision support for the On Scene Commander (OSC). In order to 
make the final environmental map clear, easy to read and with a 
good overview for the OSC, only the high priority areas will be 
indicated in the map. 

3.3 Final number of priorities. In order to further improve 
the readability of the map, we will reduce the number of 
priorities. This is easily done by combining them in groups 
according to table 2. 

When drawing the environmental map, resources with no 
priority (P = 0) are left out. For clarity purposes also the "E" 
group is usually deleted. 

4 Urban areas 

Urban areas include areas where people live, work or stay over 
a period of time. It was decided to give all urban areas the highest 
ranking in the model. This is obtained by mapping the urban 

Table 2. Combining the possible results of the model 
(values for P) in groups. 

Priority 
C D 

Model 
value 36 24 

(18) 

16 

12 

(9) 

8 

4 

(6) 

2 

1 

(3) 

areas without putting them into the calculation part of the model. 
In the final product they will emerge independent of the other 
environmental resources with a specific marking of its own. In 
other words we regard urban areas as having a model value 
higher than all other environmental resources (i.e. > 36). 

5 Environmental resources 

We are now able to classify the various environmental 
resources according to the MOB model. First we find the factor 
value for criteria no I, II and IV from table 3. Secondly the no ÜI 
criteria - conservation status - must be found based on the 
principles described in 3.1.3. The priority number P will be the 
product of these four numbers. Finally we find the correct priority 
group (A-E) for each specific resource. 
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The environmental resources for the land-based version of the 
model can be divided in six groups (in addition to urban areas): 

1. Drinking water resources 
2. Other fresh water resources 
3. Marshes 
4. Forests 
5. Cultivated landscape 
6. Other natural resources 

Table 3. Example of resource group Drinking Water and its 
values for criteria I, II and IV. 

Example shown in the table is for group 1 - Drinking Water 
Resources - for the criteria I - Naturalness, II - Repairability 
and IV - Vulnerability. Similar tables are also established for 

the other five groups. 

Environmental resource 
group and its resources I Π IV 

Drinking water resources 

Ground water 
Lakes 
Rivers/streams 

2 
2 
2 

1(2) 
1 
1 

3 
3 
2 

Example: A stream runs through an area with status of regional 
conservation value. We use table 1 to find the correct priority P: 

The stream is a natural resource in that area (criteria 1 = 2), 
normally damages are repaired easily because the stream flows 
continuously (criteria Π = 1), it has conservation status " regional 
value" (criteria ΠΙ = 2) and the vulnerability is medium (usually a 

rich diversity of organisms along a stream gives criteria IV = 2). 
The priority P is then 

P=2xlx2x2=8 

According to the grouping in table 2 this stream is then given a 
priority of D. 

6 Presentation of the environmental resources in a map 

When all the environmental resources in a municipality or 
region have been assessed, the A - D priorities are indicated on a 
map. As mentioned the users of the map are both contingency 
planners and first responders. These have seldom in-depth 
competence in environmental matters. Thus a guiding principle 
for the production of the environmental map is that it should be 
easily readable for these primary users. As a consequence to this, 
the E priority resources and resources with P = 0 are omitted (not 
over-loading the map with information). 

All resources on the map are indicated with a shade and a code. 
The code is made up of 1) the priority P, 2) the season the 
resource is most vulnerable (summer/autumn/winter/spring) and 
3) a resource number. 

Example 1: The code "As24" means this is a resource with 
highest priority (A), it is most vulnerable in summer (s) and its 
consecutive number is 24. 

There are variations to this, some use colours to indicate 
priority (e.q. red colour for an "A" resource). Others use separate 
maps for summer and winter seasons. The map enables the On 
Scene Commander to find the highest priority resource in the 
actual area of impact without having an environmental education 
and it can be done with a glance at the map. An example of such 
a map is given below. 

MOB (example) 

LEGEND 

Priority 

N 

P.: A 
ils 

STR - Valuable beach 
FRI - Outdoor life area 

Figure 2. Example (segment) of an environmental map drawn up on the basis of the MOB model. 
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In addition to the environmental map, a table is attached which 
gives more detailed information on each resource including 
seasons, exact position, the value for each of the four criteria, 
species of special interest in the area and other information of 
interest for the responders. 

7 Conclusions 

The work on the MOB model was initiated in 1993, first for 
marine and later on for terrestrial resources. The lessons learnt so 
far is that the model is very suitable for its purpose. The aim of 
having maps which can be used both by the contingency planners 
and the first responders, has come very close to fulfilment. There 
has been some discussions on the accuracy and completeness of 
data as they emerge in the maps versus the need for clarity and 
simplicity. The MOB model is a compromise between these two 
requirements. All through the project it has been imperative to 
have the target group in mind. The conclusion so far is that the 
model has proven valuable both as a contingency planning tool 
and also in a number of actual spill situations. 
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