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Abstract 

We describe the evaluation of two altemative routes (ARs) for a gas pipeline in the State of Campeche, Mexico. For the 
ecological assessment of the ARs, we modified the method of Yapp to determine the extent of damage along the proposed paths. 
For risk assessment, we developed an original index considering the possibilities of pipeline damage by local people, the amount 
of agricultura1 activities, inflexion points, and topography along the route. Cost of construction was also considered. Our analysis 
indicates that ecological impact and risk probability and cost are lower if the pipeline is constructed along the recommended 
route. The results of our analysis were submitted to the Mexican Environmental Ministry and the pipeline project was approved 
in 1997. c> 2002 Elsevier Science B.V. Al1 rights reserved. 
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1. Introduction 

Evaluation of project alternatives is one of the most 
important issues of the environmental impact assess- 
ment (EIA) because it maximises the benefits and 
minimises the environmental costs of a project. Mag- 
ness (1984) writes "alternatives are the heart of 
EIA" because they are key elements in the manage- 
ment of uncertainty. Because standards are usually 
not available for many environmental variables and 
impacts, the reduction of uncertainty can be found 
only by comparison of alternatives (De Jongh, 1988). 
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Andrews (1988) established that if the assessment 
is designed to compare alternative courses of action, 
it provides, in effect, the framework for a decision 
more than a mere justification of a proposal. In 
severa1 countries, environmental statements must 
include the main alternatives of the project that have 
been assessed (Wathern, 1988). This is not true for 
Mexico. 

During 1996, the Mexican Federal Power Company 
(Comisión Federal de Electricidad) decided to use 
natural gas, instead of fue1 oil, for the power stations 
located in the Peninsula of Yucatán. The natural gas 
would be supplied through a 700 km pipeline. 
According to Mexican regulations, the gas pipeline 
should be environmentally approved before constmc- 
tion. From the beginning, environmental criteria were 

0169-2046/02/$20.00 0 2002 Elsevier Science B.V. Al1 rights reserved. 
PII: SO 1 6 9 - 2 0 4 6 ( 0 2 ) 0 0 0  1 4 - 2  



G. Zúñiga-Gutie'rrez et al./Landscape and Urban Planning 59 (2002) 181-186 

Fig. 1. Location of the proposed pipelines. 

considered for selecting the pipeline route. However, 
during the scoping analysis with the Ministry of 
Ecology, it was concluded that it would be necessary 
to assess an alternative route (AR) for one section of 
the pipeline where the ecological components were 
relevant. 

The gas pipeline section where ARs were analysed 
is shown in Fig. 1. This section is in the State of 
Campeche and extends from the town 18 de Marzo to 
Santa Maria Xbacab. The original route (OR) was 
traced along an existing pipeline. The AR was placed 
along highway no. 186 from 18 de Marzo to Escarcega 
and along highway no. 261 from Escarcega to Santa 
Maria Xbacab. Initially, the AR seemed an environ- 
mentally better option because it crossed less undis- 
turbed areas than the OR. The lengths of the OR and 
AR are about 50 and 70 km, respectively. 

2. Methodology 

2.1. Ecological assessment 

For the ecological assessment of the ARs, we 
modified the method of Yapp (Spellerberg, 1992) 
developed to compare ARs for a highway. Yapp 
considered that ecological damage caused by road 
construction would be directly proportional to its 
length. He proposed a scoring method for different 
classes of land use according to their ecological 
relevance and estimated the ecological darnage multi- 
plying land use score by length covered with this land 
use along highway routes. In this case, a group of 
experts ranked the different habitats existing along 
each route considering their biological richness, con- 
servation degree and legal status. They assigned an 
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importance value for each habitat: value of 10 was 
assigned to the ecologically most important habitat; 
the importance value for the subsequent habitat was 
assigned according to the relative importance of each 
habitat in comparison with the most important one. 
The importance value of each habitat was multiplied 
by the length of each route covered by it for generating 
an index of ecological relative importance (ERI) for 
each habitat. The ecological impact index (EII) for 
each route was obtained by adding al1 ERI values 
for each habitat: 

where ERIi is the ecological relative importance of the 
habitat i, HIVi the importance value of the habitat i,  
and LCHi is the length covered by habitat i. 

EII; = Y ERI 

where EIIi is the index of ecological impact for route i. 
The route obtaining the lower E11 value was 

assumed as the ecologically preferable route. 

2.2. Risk assessment 

The following issues were taken into account for 
evaluating the nsk of an accident for both routes: (a) 
the possibility of local people damaging the pipeline, 
intentionally or unintentionally, is higher when popu- 
lation density is higher, (b) agricultural activities 
along the route increase the risk probability, (c) the 
risk of accident is higher when the pipeline is longer 
and there are more inflexion points, and (d) the prob- 
ability of an accident is greater when topography 
undulates rather than when is flat, or almost flat. 

Taking into account the preceding characteristics, 
we used the following index to calculate a comparative 
risk of accident (CRA): 

CRA, = LR,  + WRP, + TRn 

where LR, is the nsk associated with pipeline length 
and land use of alternative n, WRP, the risk associated 
with population density and number of towns along 
alternative n, and T R ,  is the risk associated with 
topography of the terrain and inflexion points along 
alternative n. 

where L, is the length of the alternative n, LL the 
length of the longest alternative, and LA, the length of 
the alternative n covered by agricultural land. 

RP, WRP - - " - RPH 

where RP, is the risk associated with population 
density along alternative n ,  RPH the higher risk asso- 
ciated with population density considering both alter- 
natives. 

where PD,, is the population density along alternative 
n, NT, the number of towns along alternative n. 

where TR, is the risk associated with topography and 
inflexion points of alternative n, Th the higher risk 
associated with topography and inflexion points 
between both alternatives. 

where t, is the predominant topography along alter- 
native n (flat or almost flat = 1 ; slightly undulated = 2; 
undulated = 3), and IP, the number of inflexion points 
along alternative n. 

This index assumes length and land use have similar 
values for risk assessment as population density 
(including number of towns), topography, and inflex- 
ion points, therefore, the maximum value of each 
principal component of the index is equal to one. 
For other projects under different environmental or 
social conditions, other components could be consid- 
ered in this index (e.g. streams, land stability). 

3. Results 

3.1. Ecological and social characteristics 

Along the OR, there are sparse patches of medium 
semi-evergreen tropical forest (MSTF) covering 37% 
(INEGI, 1982a) of the route, most of them are of 
relatively small size and affected in different degrees 
by human activities. We identified 209 plant species 
in this habitat, 12 of them under legal protection 
(SEMARNAP, 1994). Alongside the tropical forest 
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patches we found secondary vegetation patches, which 
were at different succession stages. Al1 of them cover 
21% of the route. In these associations, there were 50 
plant species. Only 21 km of the route (42%) was 
covered by grassland, where induced and native spe- 
cies were found, and 16 km of this route is covered by 
agricultura1 land. 

Along the AR, grassland covers 37% of the route, 
where six plant species were found. There were 
patches of secondary vegetation at different succes- 
sion stages covering 17% of the route (INEGI, 1982a). 
In these associations, we found 54 plant species. Crops 
of corn and orange, and mixed crops of yucca, sweet 
potato, and pumpkin were covering areas smaller than 
1 ha. MSTF was found along 19 km (27%) of the AR. 
A natural protected area named "El Tormento" ran 
alongside 4 km of the route with MSTF. Species 
richness in this area is 209 and it is the habitat of 
severa1 fauna1 species under legal protection. 

The town nearest the OR was located about 3 km 
from this route. Along the AR there were eight small 
villages (<3000 inhabitants each), and one medium 
size town, Escarcega, where there are 200,000 per- 
sons. 

3.2. Ecological assessment 

Table 1 shows the types of habitats and length 
covered for each one along each pathway. The most 
relevant habitat was the natural protected area cov- 
ered by the MSTF. The habitat ranked in second 
place is another MSTF, but not legally protected. 

Table 1 
Ecological assessment of original and aitemative routes for section 

The secondary tropical forest (SV) was ranked in 
third place. Agricultural land was ranked in fourth 
place, and the grassland was placed fifth. The lowest 
ranked were the inhabited eroded areas (INEGI, 
1982b). Applying the E11 formula to Table 1 data, 
we found that E11 value of the OR (251) was lower 
than the value of the AR (339). This difference 
(>30%) is because the AR crossed a protected natural 
area and is longer than the OR. The grassland, 
tropical forest, and secondary tropical forest cover 
similar lengths in both routes. 

3.3. Risk assessment 

Table 2 shows data of the number of towns and 
population along the OR and the AR. Along the 
OR practically there are no towns, but the AR crossed 
near a city and severa1 little towns. There are about 
14,000 people living near the AR and no more than 
400 people along the OR. There are some farming 
areas along the AR. The same are not found along 
the OR. In addition, five directional changes are 
necessary along AR and only one along OR. There- 
fore, considering the CRA the OR is a better pathway 
than the AR. Table 3 shows the CRA for both 
trajectories. 

3.4. Costs 

The AR is about 21 km longer than the OR, there- 
fore, the AR would be at least US$ 10 millions more 
expensive to construct than the OR. 

18 from de Marzo to Santa Maria Xbacab 

Types of vegetation HIV, imporiance Original route Altemative route 
or land use value of the habitat i 

Length (km) ERI Length (km) ERI 

Protected natural area 1 O 
Tropical forest 8 
Secondary tropical forest 6 
Agricultura1 land 4 
Grassland 2 
Inhabited O 

Difference (EII) 

ERI, ecologicai relative imporiance of the habitat; EII, index of ecological impact of the route. 
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Table 2 
Social assessment of original and altemative routes for section 18 
from de Marzo to Santa Maria Xbacab 

Factors Original route Altemative route 

Population density 400 14000 
Nearby towns 1 8 

Table 3 
Accident risk assessment of the original and alternative routes for 
section 18 from de Marzo to Santa Maria Xbacab 

Factors Original Altemative 
route route 

Risk associated with pipe length 0.35 0.53 
Risk associated with population 0.004 1 
Risk associated with topography 0.03 1 

and inflexion points 
Comparative risk assessment (CRA) 0.4 2.5 

Table 4 
Results of comparative evaluation of original and altemative routes 
for section 18 from de Marzo to Santa Maria Xbacab 

Factor Original route Alternative route 

E11 250 340 
RKA 0.4 2.5 
Economic cost (US$) 10 million 21 million 

4. Recommendation 

Table 4 summarises the results of the evaluation of 
the different factors considered for comparing the 
analysed routes. From these results, the best option 
for constructing the pipeline for the section from 18 de 
Marzo to Santa Maria Xbacab is the OR because the 
ecological impact, density populations, probability of 
accident and construction cost are higher for AR than 
OR. Ministry of Ecology approved to construct the 
pipeline along OR in 1997. 

5. Discussion 

The methodology for assessing the ARs for the gas 
pipeline is simple, but it also offers a quantitative 
and standard procedure for taking a decision. The 
methods proposed both for ecological and risk assess- 
ments allow comparing quickly, with limited available 

information different alternatives for locating a pro- 
ject. These methods integrate quality and quantity of 
resources that could be potentially affected. 

According to Bagri and Vorhies (1997), impact 
assessment has a potential as a mechanism for inte- 
grating biodiversity concerns into decision-making 
processes. The E11 method proposed allows compar- 
ison of the significance of the ecological impacts that 
can be caused by location alternatives of gas pipeline 
projects (and other linear projects), and therefore, it 
helps to minimise the ecological impact of productive 
projects, and could be a good tool for achieving 
sustainable development. Blümer et al. (1999) devel- 
oped a similar method for a quantitative biodiversity 
impact assessment, which has been applied to hydro- 
power stations in Sweden where biological informa- 
tion was scarce. 

An important limitation of the ecological assess- 
ment method is that scoring of the different habitats 
depends on the experience of technicians assessing the 
project. For improving future evaluations, it would be 
desirable to define clear and objective criteria for 
determining the importance value of each habitat 
according to parameters clearly defined. However, it 
could be necessary to develop more detailed field work 
and time and cost would increase. 

In addition, the impact assessment should consider 
the magnitude of the effects on the different types of 
vegetation, because the impacts caused by a pipeline 
construction could be very different for each type of 
habitat. Construction on forest land implies to remove 
al1 the vegetation along the right-of-way. On the other 
hand, effects on grassland due to pipe construction are 
lesser, because plants are removed only on excavation 
area. 

Moreover, the E11 method for assessing ecological 
impact does not consider the abundance of each type 
of vegetation on the region where the project would be 
constructed, what would be very important to deter- 
mine the relevance of each vegetation type. 

Risk assessment is an important issue for making a 
decision to approve a project because people do not 
like to share their environment with projects that can 
be perceived as risky. We consider that population 
density can be a good indicator for potential social 
opposition to a project. In addition, because of the 
properties of gas, we should consider human activities 
that could increase the comparative risk of accident. In 
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this case, we believed agriculture was the activity that 
nlay affect it most severely. Topography and inflexion 
points are physical conditions that can affect pipeline 
security. Al1 these risky conditions can be eliminated 
using appropriate design criteria. However, in other 
cases, the relevant risk issues may be different depend- 
ing on the environmental and social conditions and 
economic activities existing. 

In our case, the Mexican Ministry of Environment 
accepted the results of our AR analysis, and the 
pipeline under analysis was approved in 1997. 

6. Conclusions 

Though the ecological assessment method used in 
this paper was developed for road route evaluations as 
it applied in this work, it could be used for assessing 
ARs for different linear projects. 

The methods used for assessing ecological impact 
and risk assessment supported the decision of the 
path used to coiistruct the pipeline. Our proposed 
method to assess, the CRA is original and could be 
useful not only for these kind of pipeline projects, but 
also for other productive projects, which if an acci- 
dent happens can significantly affect the environ- 
ment. Our analysis determines in which route the 
ecological cost and the risk of accidents would be 
lower. 
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