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A word from the Executive Director

For thousands of years, humankind has relied and

depended upon the Earth’s resources to meet growing

demands for food, medicine, shelter and water. Our entire

existence and the diversity of cultures and economies has

been built upon goods and services from nature. However,

far too often, these activities have taken a heavy toll on

our environment.

Waste, desertification, pollution, deforestation, loss of

biodiversity and the degradation of land and fresh water

are continually putting greater and greater strain on

sustainable economic, cultural and environmental

development. We are becoming increasingly aware that

we not only rely on the environment for its many services,

in fact, our health, economy and political world is largely

built on the Earth’s resources. What happens to the Earth,

happens to humankind. So far, however, we have not had

sufficient foresight to fully understand and communicate

to the public, policymakers and state leaders the future

impacts of the choices that are being made today. With

10-30 million different species and complex ecosystems

in existence, our knowledge of the environment is frag-

mented into several thousand scientific journals, reflecting

millions of reports and papers, allowing policymakers to

make only best-guess solutions or to take no action.

Our greatest challenge today is to plan better for our

common future. And one of our chief problems lies in

communication and foresight. We simply need to clearly

visualize and communicate the long-term impacts of the

growth in human resource use in a manner that is

understandable. Not by predicting the future, but by

scientifically documenting the likely future impacts of the

choices that are being made today.

The impacts of growing human resource demands are now

seen in all parts of the world. Without foresight, the future

is, at best, highly uncertain. GLOBIO is a pioneering

attempt from UNEP to help us all see the possible

outcomes of what may happen to our globe with the policies

we make today. State leaders across the world have a

personal responsibility for the destiny of future generations.

The application of the GLOBIO principles at all levels and

in all regions on Earth makes it suitable for developing a

common platform for protocols and international

agreements as they relate to humans and biodiversity. And,

hence, help us form our common future.

Klaus Topfer

Executive Director, UNEP
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1Preface

For millennia, humans have altered the world's ecosystems to meet their growing demands for
food, fiber and water or to build cities, roads or other infrastructure. Many of these changes to
ecosystems have unquestionably benefited humanity - through for example vast increases in food
production - even if they transformed "natural" ecosystems. But with the benefit of hindsight we
can see that many were ill advised. Many dams have created more poverty than development, the
expansion of agriculture in some regions has increased the frequency of floods without substantial
gains in food production, everywhere we are losing "option values" as species go extinct, and in
some regions entire cultures have disappeared. Today, the sheer magnitude of the human impact
on Earth ecosystems, combined with growing human populations and consumption, means that
the challenge of meeting human demands for ecosystem goods and services is growing dramatically.
Everywhere countries are facing profound trade-offs: We can increase the amount of food produced
by ecosystems but only at a cost to the ability of those systems to meet our needs for clean water.
We can build more roads and expand or cities, but only at a cost to food production and the
protection of biodiversity.

Until now, our approach to managing ecosystems has been largely one of trial and error, with
hindsight our most powerful tool. We have sometimes learned from our mistakes, but our mistakes
have exacted a tremendous toll. It is time to arm policymakers and the public with foresight about
the potential consequences of choices we face. Advances in ecological sciences, combined with
improvements in monitoring and data gathering over the past decades now provide a sound scientific
basis for exploring the future consequences of policy choices we make today. But there have been
remarkably few attempts to actually apply science in this way. GLOBIO has taken up this challenge.

GLOBIO is a pioneering attempt to meet the needs of decision-makers and the public for
scientifically-based information about the consequences of their choices today for the future of
biodiversity, sustainable development, and local cultures.

Scenarios such as those used in the GLOBIO study are not predictions of the future. Instead, they
are tools that decision-makers can use to explore possible outcomes of choices they make today.
GLOBIO examines the potential consequences of different scenarios of infrastructure development
in the coming decades. Any scientist would be quick to note that infrastructure is only one of many
factors affecting ecosystems. But the elegance and strength of the GLOBIO approach lies precisely
in its focus on a simple and straightforward relationship between infrastructure and ecosystems.
Though the impacts of infrastructure development on ecosystems and local communities are
mediated through myriad causal routes, they are nevertheless profound and in the aggregate highly
predictable. GLOBIO gives us all a chance to explore where the road we are following will lead
us. And in doing so, it gives us a chance to explore the options of taking a different road. Or not
building a road at all.

Dr. Walter V. Reid
Director, Millennium Ecosystem Assessment.



2 Executive summary

GLOBIO was initiated to provide an inexpensive, simple scientifically based communication tool
for mapping, at large scale, the likelihood of human impacts on the biosphere resulting from
increasing growth in resource utilization. GLOBIO is intended to bring scientific evidence on
human impacts into a format suitable for policymaking.

Conventional assessments of environmental impacts have usually been made through studies focused
on specific ecosystems or species. Due to the complexity of the world’s ecosystems and the ecology
of the Earth’s 10-30 million species, the conventional approach has led to the undertaking of a
considerable number of case studies at various scales. Such a large number of studies render long-
term planning and decision-making very difficult, as the latter would require the appraisal of all
relevant studies at once in order to assess cumulative impacts. The different scales at which studies
were undertaken compound this difficulty. Furthermore, most models require unrealistic amounts
of input-data in order to be effective, and are not practical in national, industrial, or social planning
procedures.

To ensure the realization of the objectives of sustainable development, there is a critical need for
tools that help assess the likelihood of environmental impacts of different developmental proposals.
This is particularly relevant for infrastructure development, the central nervous system of our
modern world. Towards addressing this need, this pilot report presents a methodology that relates
probability of impact on biodiversity and ecosystems to distance to infrastructure, based on existing
impact assessment studies. Infrastructure brings primary industrial development, but also secondary,
more uncontrolled development in terms of increased human immigration and settlement, with
increased risks of deforestation, overgrazing, desertification, social conflicts, and water and land
degradation. The methodology is applied to the Arctic region. This Arctic pilot study is intended to
be the forerunner of a global scenario report.

In the last part of the 20th century, the Arctic has been increasingly exposed to industrial exploration
and exploitation as well as tourism. The growth in oil, gas, and mineral extraction, transportation
networks and non-indigenous settlements are increasingly affecting wildlife and the welfare of
indigenous people across the Arctic. A considerable number of species of birds, mammals, and
plants have already undergone a reduction in their populations or breeding success, or have been
subjected to other types of impact in 15-20% of the land area of the Arctic. A 2050 scenario was
made using reduced, stable, or increased rates of infrastructure growth as compared to the growth
between 1940-1990. The scenario revealed that at even stable growth rates of industrial development,
50-80% of the Arctic may reach critical levels of anthropogenic disturbance in 2050, rendering
most of these areas incompatible with traditional lifestyles of many subsistence-based indigenous
communities. As most of these impacts are related to the establishment of permanent infrastructure
and the exploitation of non-renewable resources, the reversibility of the estimated changes in the
near future is most unlikely.

If similar patterns of human impacts apply at the global scale, the land area impacted significantly
by human activities (such as reduced abundance of flora and fauna) may increase globally from
15-20% to 50-90% within 50 years. This will most likely result in a substantial increase in
environmental problems related to habitats, biodiversity, food production, water resources and
health in 2050, thereby impacting both ecological, social and economic aspects of the global
environment. The rapid growth of infrastructure with its associated secondary human impacts
underlines the urgency for scenarios and appropriate methodological improvement to provide the
necessary platform for holistic policymaking and international agreements.



3

1.0 Introduction

There is a growing understanding and awareness that our basic resources, in particular food,
water, and land products, are largely dependant upon the well-functioning of our ecosystems.
Ecosystems also serve as important buffers to absorb pollution and mitigate the effects of global
changes. They also provide natural response to pests. The disruption of these ecosystems may
seriously threaten our health, food production, and economy.

Population growth and expanding human activities encroach increasingly on natural ecosystems
disturbing wildlife and disrupting essential environmental services. Considerable efforts are being
made in many countries to assess the impacts on ecosystems caused by human activities. Most
environmental impact assessments have, however, a narrow approach as they usually focus on
one individual activity and its impacts on one species or the local environment. As such, they fail
to fully assess the overall cumulative impacts of smaller, consecutive developments in a region 42.

In the area of long-range air pollution, international scenarios of likelihood of impacts at large
scales within a defined time span have been developed to help decision-making 163. However, no
methodology has been elaborated for scenario assessment of the cumulative impacts of human
activities on biodiversity and ecosystems at a large scale.

In order to help address this gap, the GLOBIO methodology was developed. This report presents
the main features of GLOBIO and the outcome of its application in the Arctic region.

references page 26 - 35

More than 1 billion people rely on the well-functioning of the Himalayan ecosystem for their water resources outside of the
mountain range. Construction of roads into pristine areas often unintended results in deforestation, followed by erosion,
with subsequent impacts on water and drainages far down-stream. The fate of the remaining forests in the Himalayas
bears destiny for many people.

P
ho

to
 B

.P
. K

al
te

n
b

o
rn



4

2.0 Goals

The purpose of GLOBIO is to develop a global methodology for mapping risk of human impacts
on the biosphere. GLOBIO is intended to bring scientific evidence on human impacts into a format
suitable for policymaking.

The requirements set for the methodology are: a low-cost, quantitative, scientifically sound, logic
and simple communication tool linking development to environmental impacts. The methodology
should moreover be directly suitable for:

• assessing ecological, cultural and socio-economic aspects of developmental activities
• providing guidance for conservation
• providing guidance for development planning with minimum impacts
• analyzing impacts at various scales, including local, national, regional, and global scales
• undertaking scenario assessments
• assessing impacts with complex multiplicative effects such as fragmentation

3.0 Background

Natural resources exploitation and anthropogenic activities have expanded rapidly in the Arctic,
particularly during the last decades of the past century. These activities include oil and gas
exploration, mineral exploration, mining, marine fisheries, waste dumping, shipping, and tourism 35,

41, 105. The Arctic is considered to hold large reserves of hydrocarbons and minerals 99. Today oil

Roads are often built through forest for industrial purposes, such as mining/mineral exploration, oil and gas interests.
Secondary, more uncontrolled development, result in deforestation, with subsequent erosion and loss in biodiversity.
Sustainable development planning should therefore take into consideration the effects of the entire road network, not just
the individual new segments that are continuously added on.
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5and gas exploitation development is the keystone to many northern economies. Various plans are
underway to extend the infrastructure and development network to new regions, such as the Yamal
Peninsula of Russia, the National Petroleum Reserve and the Arctic National Wildlife Refuge of
Alaska, and the Barents Sea region 137, 140.

Tourism is another activity with major economic interests and a important market globally. It is
one of the fastest growing activities in the Arctic and is difficult to control 107. Many prospective
travellers perceive the Arctic as one of the last wilderness areas and among the least exploited
regions by tourism in the world. Pristine landscapes and wildlife are the major attractions in the
Arctic 79, 106, 205. As a highly mobile activity, tourism is likely to add to the impacts of the more
stationary industrial activities of the Arctic in the years to come.

So far, no large-scale mapping methodology has been presented relating industrial development
and tourism to probability of impact on biodiversity and ecosystem function. Such a large-scale
quantitative assessment could enable us to model and predict impacts more directly on some of the
most essential products, such as food, medicine, and services provided by ecosystems. This kind
of mapping would help define critical levels of disturbance, and would monitor and predict changes
in our global environment as a result of human activities.

The critical level concept for mapping purposes used in this pilot study has been adapted from the
one used in relation to emission control under the UN-ECE Convention on Long-range
Transboundary Air Pollution in Europe 163.

3.1 Infrastructure: a leading cause to environmental disturbance

Globally, there is increasing evidence that infrastructure, such as roads, transportation corridors,
airports, pipelines, power lines, utilities, and dams lead to substantial environmental impacts,
even with low levels of transportation traffic.

New infrastructure will accelerate other development activities due to the increased access afforded
by infrastructure 56, 67. Hence, the impacts associated with infrastructure may vary not only with
the climate and ecology of a region, but also largely with the social, political, and economic
situation in a country.

Roads and other infrastructure also impact wildlife by modifying animal behavior and species
distribution in areas with infrastructure 194. Wildlife is impacted directly by infrastructure through
collisions with vehicles (considerable even at population levels in some instances), substantial
noise, disruption of the physical environment, alteration of the chemical environment, and
introduction of exotic species 194.

Infrastructure, an important key to human development and economic growth, also brings many 
environmental risks. The impacts vary with social and climatic conditions, but may be classified into 
3 major phases: 

1)

2)

3)

The primary development phase, including impacts associated with primary industrial 
development and associated potential pollution of water, air and land; 
The secondary development phase, including secondary, more uncontrolled human immigration 
and settlement with risks of deforestation, overgrazing and desertification, sometimes illegal 
crops and hunting, social conflicts and water and land degradation; 
The third development phase, including the regional cumulative impacts of the addition of 
infrastructure to the already existing infrastructure network. This includes social, economic, and 
environmental effects within the region, positive as well as negative.
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Impacts can be expected on most fauna families. Examples include insects 82, 83, 117, 184, am-phibians
and reptiles 212, birds 11, 94, 160, 170, 171, 176, 178, 186, 212, small mammals 8, 12, 89, 98, caribou and reindeer
(Rangifer tarandus) 35-37, 88, 148-151, 210, 221, arctic fox (Alopex lagopus) 74, elk (Cervus canadensis)
43, 130, 180, wolves (Canis lupus) 72, 102, 142, 192, black bears and brown bears (Ursus americanus and
Ursus arctos) 23, 134, 141, mountain lions (Felis con-color) 204, bobcats (Lynx rufus) 129, elephants
(Loxodonta africana) 14-16, and primates 21, 179 (Figures 1-2).

Animals avoid areas near infrastructure, breed-ing success decreases in developed areas, and habitats
become fragmented 9, 66-69, 117, 194. The ecological impacts of losses of habitats and redistribution
of animals away from develop-ment may again affect foraging success or survival substantially in
areas beyond these initial zones of disturbance, and, hence, result in overgrazing, erosion, changes
in predation pressure and breeding success. Avoidance of developed areas therefore affects much
larger areas than that of the physically altered footprint of development.

The extents of the zones within where wildlife will become affected by infrastructure vary according
to species, season, type of disturbance, habitat, and other environment factors. The effect of
anthropogenic development is thus species specific; while specialist species seem to avoid developed
areas, generalists are more tolerant and may even benefit from human development 45, 80, 91. While
some studies have suggested that wildlife and industrial development are highly compatible 46, 47,

139, all in all, however, studies including both specialist and generalist species conclude that total
species diversity declines with increasing anthropogenic development (see appendix) 38, 56, 91, 117,

122, 186, 121.

Sensitivity is particularly high in the Arctic. Reindeer and caribou (Rangifer tarandus) are among
the most sensitive species in the Arctic to human activity, often reducing the use of grazing grounds
by 50-90% within 3-10 km of roads, power lines, or resorts (Figure 1) 49, 88, 148-151, 221.

Large Arctic carnivores abandon areas when road densities reach a certain level, typically around
0.5-0.6 km/km2 (Figure 2) 142, 144, 192, 203.

Birds may be highly sensitive not only to drainage of wetlands (Walker et al. 1987), but also to
noise from traffic 169-172. Reijnen et al. (1996) found reduction in populations of 14-44% up to
1500 m from roads for a series of bird species. The net result is serious impacts on ecosystem
function, even at considerable distances from infrastructure (Figure 1).
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Figure 1a-b: Distances from roads and other infrastructure within which reduced survival or abundance 
of wildlife has been observed, synthesized from >100 studies and a total of 151 species, mainly birds 
and mammals.



7The probability of impact on vegetation
also varies with type of disturbance involved.
The impact on vegetation and hydrology
of the tundra is relatively limited from
power lines and pipelines; generally related
to changes in snow distribution, ablation
patterns, and minor disturbances of soils
etc. within 500 m 13, 58-65, 120, 123, 137, 138.
From roads, the impacts on vegetation are
considerably greater, at close ranges (<1
km) because of road dust, but primarily
through effects on water discharge, changes
in albedo, and possible thermokarst. These
effects can be substantial up to 5 km 209,

213. The most significant impacts on vege-
tation are related to human settlements 74,

137-138. Here, the much higher levels of
anthropogenic activity, gravel pads, borrow

pits, and extensive use of off-road vehicles can substantially affect or disrupt vegetation patterns
and hydrology (with resultant thermokarst) up to 20 km from the actual location of buildings 1, 10,

58-65, 110, 137, 138, 146, 165, 166, 173.

Construction of roads, flooding, and/or changes in vegetation composition may also affect fledging
success of birds and nesting waterfowl 194, 213, which in turn may disrupt predation patterns and
long-term productivity of smaller predators. The impacts on soils, vegetation, and wildlife are
therefore often linked. The cumulative effects of these disruptions in ecosystem function are thus
likely to exacerbate the impacts associated with changes in use and abundance of selected species.
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Figure 2: Reproductive success or abundance of 
caribou/reindeer, wolves, bears and elk as a function 
of distance from infrastructure or road density, as 
estimated from 20 studies. Note that a different 
sensitivity and size of impact zones, generally 25-
75% lower, apply to warmer climate zones.

Very many animals are migratory or travel significant distances, including both insects, reptiles and amphibians, mammals
and birdlife, often finely tuned to seasonal variation in food and water abundance. Thousands of wildebeest and other
animals, including also endangered species, died from thirst when fences were built – intended to reduce the spreading of
the foot-and-mouth disease in domestic cattle - across their traditional migration routes to water holes.
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Many bird species are migratory, and the damming of rivers for hydro-electric power and irrigation purposes results in the
draining of wetlands, with global impacts on migratory species. The pattern is recognized worldwide.
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Collecting medical herbs. Mentawai, Indonesia. For many people, even the modern pharmaceutical industry, biodiversity
is the leading source to all medical supplies.



94.0 Methodology

Following the initial stage of literature review, the main
elements of this methodology are based upon 3 major steps:
1) Synthesis of studies on impact zones of infrastructure (see
above); 2) Review of historic growth in infrastructure, and 3)
Scenario assessment (see right). To obtain a simple framework
for assessing probability of impact in function of the distance
from infrastructure, four levels of degree of likelihood of
impact were defined (see below).

4.1 Synthesis of impact zones from infrastructure

Based upon some 200 scientific studies, an attempt was made
to summarize the extent of the impact zones of infrastructure
on flora and fauna in the Arctic. Studies on vegetation, soils
and wildlife, referred to in this report, were used to derive
the probability of impact in function of the distance from 1)
power lines or pipelines; 2) roads; and 3) settlements, cabin
resorts, or construction-related facilities (Tables 1-2). These
zones were then extrapolated to produce a circumpolar map of
current development and probability of disturbance in the Arctic.

The extent of the impact zones are likely to vary considerably with traffic volume; small country
roads obviously produce less impacts than highways for comparable habitats 66. Noteworthy, some
Arctic species adapted to open areas with high natural predator awareness have been documented
avoiding human structures even in the absence of traffic 148, 149.

A similar pattern has been observed for vegetation. The impact zone of power lines and pipelines
on vegetation and hydrology of the tundra is relatively limited, typically within 500 m; greater for
roads (<1 km), and most significant for settlements due to gravel pads, borrow pits, and extensive
use of off-road vehicles (<20 km). The data are given in Table 2.

The sensitivity will vary depending upon species, season, and type of impact. In general, insect
fauna and rodents have the smallest impact zones, whereas large mammals have the greatest. The

Criteria for defining environmental impacts:

1)

2)

3)

4)

Reduced survival and/or abundance of birds: A zone within which there is high risk of 
reduced survival or abundance of birds based upon studies of >50 bird species. 

Reduced survival and/or abundance of large mammals: A zone within which there is high 
risk of reduced survival or abundance of larger mammals based upon studies of most of the 
larger predators and ungulates.

Cumulative effects on flora and fauna: A zone within which there is high risk of cumulative 
effects on ecosystem function, such as changes in proportions of organisms affecting food 
chains, increased numbers of generalist (“pest”) species, vegetation changes, overgrazing, 
increased risk of predation etc. 

Low levels of disturbance: No or few studies have documented or reported possible impacts. 
Increase in hunting pressure, tourism and human traffic must, however, be expected.

estimate development of
infrastructrue based on
different growth rates

relate probability of impact
to distance to infrastructure

synthesize current
scientific studies on

environmental impacts

the 2050 scenario

methodology
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variation in response is presented in Figure 1, based upon the studies assessed (see Appendix 1).
Four categories of impacts were defined for the Arctic (Figure 3):

Reduced abundance of birds (0-1 km from infrastructure);
Reduced abundance of large mammals (0-3 km);
Cumulative impacts on flora and fauna, including shifts in insect composition, food chains,
hydrology, predation patterns etc. (0-20 km);
Areas with low or no disturbance (> 20 km).

Note that some species, like reindeer and caribou, are impacted at greater distances, and 50-90%
reduced abundance compared to undisturbed areas have been observed up to 15 km from
development. In Arctic areas with permafrost, roads may lead to changes in hydrology and habitats
several kilometers away from development, thereby affecting areas considerably beyond these
estimates.

Data from the Digital Chart of the World (DCW) at an approximate scale of 1:1 million were used
to produce the circumpolar map. The primary source for this database is the US Defense Mapping
Agency (DMA) Operational Navigation Chart (ONC) series that are produced by the United States,
Australia, Canada, and the United Kingdom. The ONCs have a scale of 1:1,000,000 (1 inch equals
approximately 16 miles) and include details of technical structures. The DCW database was
originally published in 1992. Data currency varies from place to place depending on the currency
of the ONC charts. Chart currency ranged from mid 1960s to the early 1990s. DCW has proved to
be inaccurate compared with higher resolution regional and national mapping databases in the
Arctic. However, it provides the best available coverage for the whole Arctic region 68.

Type of disturbance

Power-/pipe lines
Roads
Settlements

Type of impact

Reduced
abundance

0-4 km
0-5 km
0-10 km

Cumulative impacts
on ecosystems

4-16 km
5-20 km
10-40 km

Low
disturbance

> 16 km
> 20 km
> 40 km

Table 1: Extent of zones of impact on Arctic fauna caused by power-/pipelines, roads, and 
settlements. The impact zones designate the probability that habitat availability is reduced 
substantially, or that breeding success, abundance, or survival has decreased as a result of 
infrastructure or associated activity. Note that different, generally 25-75% lower, sensitivity and 
impact zones apply to warmer climate zones.

Type of disturbance

Power-/pipe lines
Roads
Settlements

Type of impact

Reduced abundance/
shift in composition

0-0,5 km
0-1 km
0-10 km

Cumulative impacts on ecosystems,
such as thermokarst, off-road traffic

0,5-2 km
1-10 km
10-30 km

Low or no
disturbance

> 2 km
> 10 km
> 30 km

Table 2: Extent of zones of impact on vegetation caused by power-/pipelines, roads, and 
settlements. Impacts include both direct (like road dust out to 0.5-1 km) and cumulative impacts 
(changes in hydrology, ATV-tracks etc.). Note that different, generally lower, sensitivity and impact 
zones apply to warmer climate zones.

1)
2)
3)

4)
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4.2 Historic growth in infrastructure

Changes in infrastructure between 1940 and
1990 were used to create scenarios of future
development. The entire Arctic was divided
into 25 by 25 km grid squares (“plots”) and
these again into 250 by 250 km grid squares
(“sites”). The buffer zones from infrastructure
outlined above were applied to the 1940
situation where available and similar analysis
done for the 1990 DCW situation. All 25 by
25 km grid squares with >50% of the area
having buffer zones 1-3 (practically speaking:
any plot with any significant amount of infra-
structure at these scales) was classified as
being “impacted” e.g. having reduced abund-
ance of wildlife or other cumulative impacts
on the ecosystem. The scale of 250 by 250 km
grid with 25 by 25 km plots was used in order
to monitor, depict and visualize the expansion
of new infrastructure at regional scales.

Infrastructure is often built into the most productive
regions, with subsequent immigration of non-indigenous
populations and growth in resident farmlands. Nomadic
and semi-nomadic people are often forced into more
marginal grazing lands previously used only seasonally.
The result is overgrazing and high vulnerability to periods
of drought, often with tragic results. The driving pressures
of development that initially started these processes, often
with social conflicts, are too often overlooked.
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Figure 3: GLOBIO requires only baseline information on infrastructure. Impact zones are derived through a
synthesis of numerous scientific studies, and adjusted according to climate, eco-zone, and type of infrastructure.
Overlays with additional information, such as pollution, can be supplemented to the overviews.



12 To derive with an estimate of the growth in
areas impacted by infrastructure across the 50-
year period from 1940 to 1990, the following
approach was applied based on the assumption
that new infrastructure primarily spreads out
from existing infrastructure.

1)

2)

3)

4)

5)

6)

The availability of good maps from around
1940 is very limited. Furthermore, maps are
updated at irregular schedules.  Reliable maps
are available for parts of Scandinavia and
North America. However, many parts of the
Arctic were still undeveloped before World
War II, and most development occurred
throughout the 1960-1970s. Hence, most of
the development, excepting parts of Russia and
Scandinavia, are the result of changes from
near 0 to the situation in 1990. Examples
include the Prudhoe Bay oilfield of Alaska,
the trans-Alaskan pipeline, and the oil fields
of Yamal, Russia.

30 random, non-overlapping grid cells
of 250 by 250 km, covering areas with
existing infrastructure (roads, power-/
pipelines, or railroads) in 1940, were
selected across the Arctic.
Within the grid cell, the area with the
highest concentration of infrastructure
around 1940 (roads/km2) was located.
If no concentration was found, any ran-
dom point in the existing infrastructure
was selected (see Figure 4a).
The selected point was then “revisited”
in the 1990 situation (Figure 4b).
A circle was drawn around the selected
point (Figure 4c). The radius of the
circle was expanded until ca. 75% of
the circle area was located within 3 km
from of the roads existing in 1990. (e.g.
having < 75% “impacted” plots of 25
by 25 km)
The radius of the 1990 circle minus the
radius of the 1940 circle was then cal-
culated (Dmax) (Figure 4d). This radius
is an estimate of how far infrastructure
has spread away from existing infra-
structure in the period 1940-1990.
The procedure was replicated across all
30 grid cells, and a mean value cal-
culated (Figure 4e and Table 3).
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For analysis of changes in growth of infrastructure in more populated regions or at finer scales,
changes have to be based on satellite imagery and aerial photos and regression analysis of changes
over time. There is an extensive coverage of aerial photos, CIR photos, and numerous types of
remote sensing data available now to assess changes in infrastructure development. This data can
be used not only for assessing historic growth rates, but also for monitoring changes in the future.

4.3 Scenario modeling

There is considerable uncertainty related to the estimate in growth in infrastructure, economic
development, and the future demand for oil, gas, and minerals in the Arctic. Three scenarios were
therefore used based on three different growth rates: reduced growth rate of 50%, current growth
rate, and an increased growth rate of 200% compared with the growth rate recorded between 1940
and 1990. Maps were created showing the extent of impact zones in the year 2050 for each of the
three growth rates.

5.0 Results

5.1 Overview of the impacts

In the first part of the 20th century, <5% of
the Arctic was affected by infrastructure. In
the last part of the century, this proportion had
increased to 20-25% of the Arctic, mainly as a
result of petroleum development in Alaska and
Russia (Figure 5). Currently, parts of Alaska,
most of northern Scandinavia, and large parts
of Siberia are developed. For Siberia, the
development consists mainly of winter roads
and pipelines, in addition to railroads and
industrial complexes. The far majority of infra-
structure in the Arctic has been related to oil,
gas, and mineral extraction, with associated
transportation corridors.

By assuming only continued development of existing infrastructure and new opening of areas to
oil and gas development, estimates show that few areas in the Arctic will be left undisturbed
within 50 years. In 2050, 50-80% of the Arctic is likely to have high levels of anthropogenic

Mean
S.E.
95% CF
n

Dmax (km)
(reduced abundance of birds)

18
2
15-21
30

Dmax (km)
(reduced abundance of large mammals)

55
6
44-66
30

Table 3: The average distance (Dmax) from infrastructure existing in 1940 within which >75% of the 
areas are <1 km (reduced abundance of birds) and <3 km (reduced abundance of large mammals), 
respectively, away from infrastructure 50 years later, based upon 30 random 250x250 km grid 
squares across the Arctic.

10

20

30

40

50
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70

80

90

100

0
1900 1925 1950 1975 2000 2025 2050 2075

proportion of the Arctic impacted (%)

2100
years

200% growth
current growth
50% reduced growth

Figure 5: Changes in the proportion of the Arctic 
being significantly impacted by human activities 
between 1900 and 2100 based on growth rates 
of 50%, 100% and 200% of the recorded growth 
rates in infrastructure between 1940 and 1990.



14 disturbance, depending upon growth rates
(Figure 6). For Scandinavia and parts of Rus-
sia, these levels will occur within 20-30 years
(Figure 7). This development will accelerate
with the possible opening of parts of a North-
ern Sea Route through the Northeast Passage
153, where development of infrastructure and
upgrading of harbors will facilitate extraction
rates. These figures will, correspondingly,
depict an ecological transformation of tradi-
tional lands for many Arctic indigenous people
dependent upon reindeer husbandry and cari-
bou hunting. In 2000, Greenland and northern
Canada are the two regions most unaffected
by industrial development.

While infrastructure does not depict long-range trans-
ported air pollution, it often well depicts degree of local
land and water pollution, as most of the industry is located
at concentrations of infrastructure near cities. Heavy
development of infrastructure into previously undeveloped
areas, or heavy expansion of existing network locally,
therefore indirectly often leads to increased waste and
water pollution. Often not considered, but unless con-
trolled, part of the long-term pattern and development
globally.
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Figure 6: Changes in human impact on biodiversity and ecosystems between 1990 and 2050 using three
different rates (50-100-200%) of growth in infrastructure and resource utilization compared to 1940-1990.
Temperate parts of USA, Europe and Russia will appear more impacted on these maps than what actually is
the case. A global scenario would use different impact zones in different climatic regions. See the Barents
Sea map for finer resolution.



155.2 Impacts on biodiversity and ecosystem function

The fragmentation of Arctic habitats will, at the levels of development predicted, seriously threaten
biodiversity and ecosystem function. Considerable scientific research in the 1990s confirm that
fragmentation of landscapes by infrastructure and related activities of human resource utilization
(logging, farming, mineral extraction etc.) directly result in reduced productivity and survival of
many species, and hence, in reduced species richness 38, 56, 117, 122, 186. Terrestrial infrastructure
development will also substantially affect aquatic systems not only by i.e. pollution, but also
through the construction of new transportation routes and settlements along the coast, thereby
affecting also sea and freshwater ecosystems indirectly. Stream and lake ecosystems are also affected
through the building of dams, wetland drainage, channelization, and groundwater exploitation.
This will impact fish, invertebrates, sea mammals, and other organisms through increased harvesting
or disturbance 174, 194. Infrastructure therefore causes impacts far beyond those effects directly
induced by the physical foot print.

Even more serious may be the long-term effects on ecosystem function as a result of altered proportions
between predator and prey organisms. Certain groups of species may benefit from lowered survival
of other otherwise competitive species. Fragmentation may result in reductions in populations of
natural enemies for “pest insects”, thereby increasing the number of “pest insects” 117, 122.
Fragmentation of habitat may also lead to a crowding of species in remaining habitat patches,
making the species more vulnerable to predation. Under these conditions, fragmentation may favor
small and medium sized predators and corvine birds. Species vulnerable to fragmentation include
species dependent on large, continuous areas, species with poor dispersal abilities, species with
low fecundity or short life cycles, and species with specialized habitat requirements. Several studies
also document disrupted natural mechanisms and food chains due to development. The changes in
natural food chains and buffer mechanisms as a result of development of infrastructure will seriously
exacerbate the direct environmental impacts on populations and ecosystems at regional scales.

5.3 Impacts on indigenous cultures

Living as herders, hunters, and gatherers, Arctic indigenous people have adapted their lifestyle with
reindeer/caribou systems through thousands of years of co-evolution 28, 100, 113, 158. Today’s Arctic

In Siberia and the Yamal peninsula, like in the rest of the Arctic,
the growing infrastructure related to oil, gas and mineral interests
often conflict with the traditional lifestyles of indigenous people
and their interactions with the land.
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indigenous settlements are commonly located in resource-strategic positions, with territoriality
and social networks adapted to the movements of reindeer or caribou 28, 29, 126, 187. While caribou
hunters and reindeer herders have embraced aspects of modernity, many also retain their close
relationship with wild and domesticated populations of Rangifer. This resource has and continues
to be the most important terrestrial subsistence resource for Arctic indigenous peoples of the
Circumpolar North 114. Indigenous culture groups that herd and hunt reindeer/caribou include (but
are not limited to): in Eurasia, Saami, Nenets, Komi, Khanti, Dolgan, Nganasan, Yukagir, Even,
Evenk, Sakha (Yakut), Chukchi, Koryak, and Chuvan; and in North America, Gwich’in, Iñupiat,
Dogrib, Koyokon Dene, Metis, Cree, Chipewyan, Innu, Naskapi, Yupiit, Inuvialuit and Inuit.

The impact of infrastructure development on reindeer and caribou potentially threatens the cultural
traditions of Arctic indigenous people and their chosen way of life. Changes in the size, distribution,
and movements, or overall behavior of Rangifer populations may, accordingly, have a significant
impact not only on the subsistence-based economies of Arctic hunting people, but also on their
social organization and cultural systems as a whole 64, 154. Therefore, a focus on this keystone species
serves as an indicator of future possibilities for those peoples who depend on this resource 181.

Northern Scandinavia and parts of Russia are examples of areas where the current growth of
infrastructure related to transportation, oil, gas, and mineral extraction is increasingly incompatible

Reindeer and caribou are crucial to many indigenous people in the Arctic. The saami of the Barents Sea region, once
nomadic, are now struggling to retain their traditional grazing ranges, that are encroaching rapidly due to hydro power
development, large cabin resorts, roads, forestry and mineral exploration. Most of the fragmentation is done by continuous,
small-scale expansion from the already existing network of roads and settlements.
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17with land requirements for reindeer husbandry 64, 222. In these areas infrastructure growth is
associated with the loss of traditional lands, and conditions forcing indigenous people to abandon
nomadic herding patterns for more sedentary life styles. Infrastructure development is often
concurrent with changes in regional economic activity, inviting southern-based resource extraction
companies interested in short-term economic gains. Such socio-economic changes not only affect
cultural practices directly related to traditional reindeer husbandry, but also conflict with the use
of traditional homelands for hunting, fishing, and gathering.

Due to the simplicity and compressed food chains of Arctic wildlife and their dependence upon
slow-growing forage resources, long-term disruptions in the productivity of primary species like
nesting waterfowl and reindeer/caribou may seriously affect ecosystem function and sustainability
of these northern systems. In addition to these biophysical impacts comes multiplicative effects
that may follow from changes in related human land-use patterns, such as increased public access,
intensive resource harvesting, and the full array of social costs typically associated with the
transformation of longstanding local cultural traditions.

The rates of change and their potential impacts on northern reindeer herders and caribou hunters
are therefore significant. Utilization of fugitive resources like caribou and waterfowl are critical
not only as food, but also for identity and spiritual values of herders and hunters. Through numerous
fora, Arctic people now seek to define a sustainable balance in their participation in the cash
economy with traditional pursuits. Infrastructure development is closely associated with greater
changes in economic activity, and is accompanied with a loss of rights for use of subsistence
resources. Thus, the study of cumulative effects of infrastructure development must be linked to
analysis and implementation of institutional arrangements that sustain a meaningful role for local
resource users in development planning and management 19. Extending the cumulative effect
assessment to socio-cultural elements of the system broadens the scope of impacts on development
trends. Policies that support external interests in resource extraction in the Arctic need to account
for indigenous resources into the full array of impacts related to development activities.

Consequently, there is a need to advance our understanding of these effects more thoroughly.
Recently the International Arctic Science Committee (IASC) concluded that the cumulative effects
of current forces changing Arctic grazing systems are of significant concern in the Circumpolar
North. In 1998 an international research-planning forum of IASC on the human role in reindeer/
caribou systems arrived to this conclusion, noting the paucity of tools for assessment of cumulative
effects, and calling for methodological development of assessment tools as critical to human’s
capacity to anticipate and respond to future conditions 114. The principles of GLOBIO may help to
breach this gap and extend it beyond the North.

5.4 Impacts on the Arctic

Continued growth at current rates in infrastructure, gas, oil, and mineral extraction will, within 20-
50 years, seriously impact wildlife populations, vegetation, and ecosystem function across 50-
80% of the Arctic. Migratory species, like birds, will carry the impacts with them far beyond the
Arctic region. Furthermore, the cumulative impacts are likely to affect many of the indigenous
cultures in the Arctic, which are depending upon natural resources for their traditional lifestyles.

The extent of the impacted areas, even with conservative estimates assuming 50% reduction in
development rates, ostensibly illustrates the severity of the environmental threat to the Arctic.
Although the Arctic is among the least developed areas of the world, the extent of the impact zones
is much larger. Changes in the hydrology of the tundra may also affect climate patterns as these
areas hold some of the world’s greatest carbon reserves.



18 These risks are more complex to assess and less easily predictable with recent changes in global
climate. In Polar regions, the effects of climate change are likely to be the more dramatic than in
any other regions. Whilst the effect of climate change is not the focus of this paper, it is important
to highlight its potential impacts on Arctic ecosystems, and its need to be considered in combination
with the impacts from industrial development and tourism.

5.5 Impacts at a global scale

Early pilot assessments of the Barents Sea, Himalayan region and Amazon region (Figures 7-10),
demonstrate that the GLOBIO-mapping techniques can be useful for cumulative impact assessments
in most ecosystems. The maps, at very different scales, provide important information on the
major driving pressures and changes that, over time, have been the greatest contributors to
environmental changes within a region. At fine scales, it may depict the impacts of the contribution
of many smaller development projects to the overall development of a region.

At a global scale, a substantial decline in abundance and diversity in fauna, including insects,
amphibians, reptiles, mammals and birds, will occur in an estimated 50-90% of the land area in 2050
if growth in infrastructure and exploitation of natural resources continues at the current rate. Some
species will increase in numbers, particularly “generalist” species such as smaller predators and
“pest” insects, with subsequent impacts on flora and fauna. The environmental impacts of continued
growth in infrastructure with its associated resource exploitation will also threaten the production
of food and water resources and other essential products from nature. There is a significant risk
that the cumulative impacts will lead to the collapse of many natural buffer mechanisms within
50-100 years, and, hence, substantially exacerbate the impacts of pollution and climate change.

Figure 7: The use of GLOBIO at finer scales for visualizing  the cumulative impacts of bit-by-bit encroachment.
In the Barents Sea region, it is used to map the encroachment and fragmentation of the ranges used by the
Saami people and their livestock of migratory reindeer. Notice that the greater resolution of this map compared
to the circumpolar maps provide much more detail on also the variation locally in degree of impacts. The risk
of reduction in wildlife is related to the situation before infrastructure was established. Natural rich, but impacted
areas may still be higher in biodiversity than e.g. naturally low-productive non-developed inland areas.



19

Figure 8: Preliminary assessment of the Amazon region. The map is made for illustration purposes only to
demonstrate the application of GLOBIO in other regions of the world. The majority of the deforestation and
decline in biodiversity in this region has taken place along the road corridors. Due to the coarse scale of this
map, some areas appear more impacted that actually the case.

Figure 9: Preliminary assessment of the Himalayan region. The map is made for illustration purposes only to
demonstrate the application of GLOBIO in other regions of the world. The density of infrastructure closely
resemble much of the original forest cover in parts of the region, now greatly diminished in most places.
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Figure 10: The development of the road network in Finnmark, Norway, between 1940 and 2000. The maps
show some of the changes used for the GLOBIO scenario development. The coastal areas of Finnmark are
crucial to the Saami indigenous people for calving grounds and summer ranges of their livestock of semi-
domesticated reindeer. The same coastal zones, however, have been those subjected to most of the development
(see above). The development depicts only part of the encroachment, as the military bombing ranges, resorts,
power lines and also major hydro power dams are not included on the maps. Currently, a series of proposed
development projects for mineral exploration, power stations, roads and resorts threaten the remaining grazing
land and biodiversity in the region.



216.0 Benefits and limitations of GLOBIO

6.1 Supplement to conventional approaches

6.1.1 Traditional wildlife biology approaches
To date, most environmental impact assessments of anthropogenic disturbance of wildlife and
vegetation have relied extensively on studies at local scales, or on more theoretic models.
Anthropogenic disturbance of wildlife has traditionally been discussed through local studies of
fright behavior, flight distances or stress hormone production in animals 4, 54,85, 95, 147, 177, 198, 214, or
assessed in relation to direct physical destruction or alteration of habitat 39, 40, 139, 211.

However, assessments of physiological or short-term responses in individual animals or on
vegetation at local sites may substantially underestimate regional and global environmental impacts
such as changes in species abundance and reproduction, thereby failing to describe fully the
cumulative impacts of development 65, 91, 213. While studies of short-term, local impacts are valuable
for understanding mechanisms in ecological responses to human activity, it is difficult to relate
physiological stress in individuals and local site-dependent effects on vegetation to impacts at
regional levels. Furthermore, such effects cannot readily be linked to the geographic area affected
by human activity, and will therefore become difficult to monitor across larger regions. As Arctic
indigenous people are largely dependent upon natural resources such as fish and reindeer/caribou,
the functioning of the ecosystems at large scales, including successful migration of ungulates,
becomes of overriding importance to the wellbeing of these people 18, 64, 111, 154. So far, however,
while isolated, small-scale developments may have only minor impact, the cumulative impacts of
consecutive development may seriously endanger not only wildlife, but also the cultural traditions
of those depending upon flora and fauna in the Arctic.

6.1.2. Traditional landscape ecology approaches
There are numerous more or less complex biodiversity and landscape indices currently available
for more detailed assessments. A review of some complementary approaches is presented elsewhere
191. Many indices are very sensitive to information on baseline situations or on the state (“quality”)
of the ecosystems assessed, thereby requiring rather extensive input information to be reliable.
Furthermore, even though roads alter only a small footprint directly (around 1-5% of the land
cover), they result in large impact zones by bringing in human activity and fragmentation, as
illustrated here. Such indices and models, however, may provide important complementary
information to GLOBIO-assessments. Indeed, there are numerous research programs assessing
landscape ecological approaches to human impacts at more detailed scales, but many are limited
by high requirements of input data. Many are also difficult to relate to socio-economic, cultural,
and economic aspects. Such methods should however be explored further to supplement and refine
the distance zones, particularly of impacts on ecosystems presented in GLOBIO.

6.2 Data availability

GLOBIO’s only requirement for baseline information is maps of infrastructure. At national scales,
updated information on infrastructure is generally readily available. Both current and developing
remote sensing techniques holds promise for rapid updating and monitoring techniques that can
provide step-by-step information on changes in environmental risks.

New research on impact zones is continuously available through international publication networks,
and the size of zones can therefore easily be updated according to new advances and information.
At a global scale, growth scenarios must be linked closely to socio-economic models of development
to provide the most realistic scenarios. Furthermore, remote sensing may give specific information
on changes in land cover, such as changes in forest cover, grasslands etc.
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 6.3 Data compatibility

The methodology presented in this report relates probability of impact on abundance, reproduction,
and survival of wildlife and vegetation to distance to infrastructure. The mapping of impacts may
also be combined with diffuse pollution sources such as POP’s, acid rain, heavy metals, and other
sources of water or air borne pollutants. Based upon the extensive global database from the US
Defense Mapping Agency available to UNEP, giving information on transportation network, dams,
power lines, utilities and other human physical impacts, the analysis can be conducted for all
ecosystems from tropical rain forest to Arctic tundra using a common methodology, but with
varying criteria.
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6.4 Sensitivity of GLOBIO to input variables

In many other ecosystems, such as in temperate and tropical regions, the impact zone from
infrastructure is substantially lower than in the Arctic; 100-1000 m compared to 4-10 km,
respectively 68, 152. This may partly be explained by a high shrub and tree cover in boreal, temperate
and tropical regions compared to the Arctic, as impact zones from infrastructure locally have been
shown to be larger in open areas than in areas with cover 179. As ecological disturbance zones from
development are smaller in many parts of for example USA, Europe, South America, Africa, and
southeastern Asia, even areas with an apparently high density of infrastructure may clearly have
areas with low probability of impact on wildlife. However, the network of infrastructure is far
greater in many temperate and tropical regions compared to the Arctic 15, 66, 171. Reduced survival
of numerous species related to density of infrastructure and human resource utilization has been
reported in studies undertaken recently from all parts of the world 15, 22, 78, 91, 142, 179, 186, 192, 194. This
provides the GLOBIO approach with the potential for global application.

The regulation and damming of many rivers for power or irrigation purposes not only impact wildlife, but also the water
situation for many people further down stream.
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24 The statistical factor having the by far greatest impact on the scenarios is the extrapolation of
historic development in infrastructure. Indeed, reducing the impact zones by 50% only results in
5-15% difference to the area impacted in 2050, simply because many zones merge due to extensive
existing occurrence of infrastructure. By using a range in development of 50-200%, these estimates
become statistically far more important than minor variation in impact zones, simply due to the
extent of existing infrastructure.

6.5 Scenario modeling

Among the most crucial inputs to GLOBIO are good and realistic scenario-models for development
in infrastructure. There are obvious differences in the rates of such development including both
socio-economic (urbanization trends) and natural factors, such as low interest in developing desert
regions. This part needs to be thoroughly developed for the global scenario work, and currently
requires specific attention. New landscape disturbances, which are disconnected to existing
infrastructure and may arise in regions previously undeveloped also needs to be addressed in the
methodology ahead. For example, this analysis does not include the many mining, power line, and
road facilities currently planned for in previously undeveloped regions of the Arctic (e.g., Nunavut
and Labrador of Canada).

The major advantage of the GLOBIO-approach of relating environmental risk to distance and
density of infrastructure is its simplicity. Global infrastructure holds a key to understanding
environmental impacts related to human activity and resource utilization. The likelihood of impact
can effectively be linked to existing and planned infrastructure at local scales, as well as to regional,
national, and international development scenarios. Herein also lies a disadvantage, namely that
GLOBIO mainly provides a risk assessment overview. The many more advanced models and
indices available currently should therefore be seen as complimentary to the GLOBIO-approach,
as they may provide additional and more detailed information on the impacts of changes in human
activity over time.

7.0 Recommendations

The following recommendations are made with regard to progress and improvements:

Finalize an initial global scenario report and develop regional assessments in close
collaboration with regional institutions.
These reports should integrate and synthesize recent advances in relevant fields.
Include specific recommendations for actions on integrated area and development planning,
mitigation, and protection worldwide, including detailed assessments of specific regions,
for example (but not limited to) the Arctic, the Barents Sea region, the Amazon, the Himalayas,
and selected regions of Africa, to cover the variety of political, environmental, social and
cultural diversity worldwide.
Develop further the pilot methodology, particularly with regard to mapping techniques of
already fragmented areas, scenarios and critical levels.
Recommend a structure for implementation worldwide, including the establishment of expert
working groups on mapping, policymaking and key-topics.

8.0 Conclusions

Most of the current environmental problems are the results of excessive human impacts on 10-
15% of the land area. Arctic land areas with excessive human impacts (reduced abundance of flora

1)

2)
3)

4)

5)
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and fauna) may increase from 15-20% to 50-90% within 50 years. This will most likely result in a
substantial increase in environmental problems related to habitats, biodiversity, food production,
and health in 2050. This development will threaten the cultural identity of many indigenous people
in these regions.

These problems are not specific for the Arctic, but can be recognized across the world. The approach
used in this Arctic case study can be applied at all scales and in any part of the world at low costs.

GLOBIO provides an inexpensive, yet effective and scientifically based communication tool that
can provide the international community with overviews of not only current, but also coming
environmental threats. Such simple and easily comprehended overviews can then be used and
implemented at all scales, either as a common platform in multi-layer assessments, or for integrated
area and development planning. Perhaps among the most important potentials of GLOBIO is the
link between infrastructure and associated impacts, such as waste, pollution and water and land
degradation at local and regional scales, which are often difficult and costly to assess, and even
more difficult to predict with conventional approaches.

The methodology developed in this report can link future conditions of air, water, land, and people
to a common platform, namely infrastructure. Continued uncontrolled growth in human resource
utilization with associated environmental risks is most vividly viewed by the growth of
infrastructure. The largest potential of GLOBIO, therefore, lies in communicating scientific evidence
of human impacts in a format suitable for policymaking and international agreements to ensure
sustainable development.

When infrastructure, such as roads, is established for whatever purpose, areas have historically sooner or later been
opened up to industrial development, such as mining. In many parts of the world, roads are often built for industrial
purposes directly, but followed by secondary, more uncontrolled immigration, deforestation, illegal hunting etc., thereby
producing considerable unforeseen indirect impacts.
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36 10.0 Appendix 1 Examples of impacts from infrastructure

This appendix does not provide a complete review of disturbance studies on wildlife from
infrastructure, harbors etc., but gives a range of studies and impact zones to show the variety of
impacts. Avoidance includes significantly lower species densities in areas close to disturbance
than in areas not disturbed, and long-term shifts in distribution after development compared to
before development. Zone affected (meters away from source of disturbance) is given if this was
measured.

Species Type of disturbance Estimated effect References

Manatee (Trichechus
manatus latirostris)

Bowhead whale
(Balaena mysticetus)

Recreational boating

Human activity on sea

Distribution patterns
changed/avoidance

Changes in behavior in
disturbed sea

Buckingham et al. 1999

Richardson et al. 1995

Marine mammals

Species Type of disturbance Estimated effect References

Squirrel monkey (Saimiri
oerstedi)

Cercopithecus mitis

Cercopithecus ascanius

Procolobus tephrosceles

Hanuman langur
(Presbytis entellus)

Tourism, deforestation,
developments

Logging

Logging

Logging

Grazing of livestock,
human activity

Near extinction outside of
national parks

Decline in population,
also decades after logging

Decline in population,
also decades after logging

Decline in population,
slow recovery after logging

Avoidance

Boinski and Sirot 1997

Chapman et al. 2000

Chapman et al. 2000

Chapman et al. 2000

Ross and Srivastava
1994

Primates

Species Type of disturbance Estimated effect References

Moor frog (Rana arvalis) Roads Decrease in occupied
ponds with increase in
road density

Vos and Chardon 1998

Amphibians and reptiles
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Species Type of disturbance Estimated effect References

Carabus glabratus

Carbus violaceus

Cychrus caraboides

Pterostichus nigrita

Meliataea cinxia

Apion seniculus

Apion virens

Apion apricans

Apion assimile

Apion trifolii

Lasioptera sp.

Hymenoptera parasitoid
species

Deforestation,
fragmentation

Deforestation,
fragmentation

Deforestation,
fragmentation

Deforestation,
fragmentation

Habitat fragmentation

Habitat fragmentation

Habitat fragmentation

Habitat fragmentation

Habitat fragmentation

Habitat fragmentation

Habitat fragmentation

Habitat fragmentation

Confined to contiguous
forest

Confined to contiguous
forest

Confined to contiguous
forest

Confined to contiguous
forest

Reduced survival, risk of
local extinction

75% reduction in
population density in
fragmented habitat

75% reduction in
population density in
fragmented habitat

Sign. reduction in
population density in
fragmented habitat

Sign. reduction in
population density in
fragmented habitat

Sign. reduction in
population density in
fragmented habitat

75% reduction in
population density in
fragmented habitat

Number of parasitoid
species reduced from 8-
12 to 2-4 in fragmented
habitat, releasing pest
insects from parasitism

Halme and Niemelä
1993

Halme and Niemelä
1993

Halme and Niemelä
1993

Halme and Niemelä
1993

Hanski et al. 1994, 1995

Kruess and Tscharntke
1994

Kruess and Tscharntke
1994

Kruess and Tscharntke
1994

Kruess and Tscharntke
1994

Kruess and Tscharntke
1994

Kruess and Tscharntke
1994

Kruess and Tscharntke
1994

Insects (only examples, numerous studies available)
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Species Type of disturbance Estimated effect References

African elephant
(Loxodonta africana)

Buffalo (Syncerus
caffer)

Eland (Taurotragus
oryx)

Giraffe (Giraffa
camelopardalis)

Hartebeest (Alcelaphus
spp.)

Roan antelope
(Hippotragus equinus)

Waterbuck (Kobus
ellipsiprymnus)

Zebra (Equus burchelli)

Bushbuck (Tragelaphus
scriptus)

Hippopotamus (Hippo-
potamus amphibius)

Wildebeest (Conno-
chaetes taurinus)

Binturong (Arctictis
binturong)

Barking deer (Muntiacus
muntjak)

Malayan sun bear
(Helarctos malayanus)

Caribou (Rangifer
tarandus)

Caribou and reindeer
(Rangifer tarandus)

Elk (Cervus elaphus)

Elk (Cervus elaphus)

Elk (Cervus canadensis)

Elk (Cervus elaphus)

Mule deer (Odocoileus
hemionus)

Black bear (Ursus
americanus)

Brown bear (Ursus arctos),
black bear (Ursus ameri-
canus), and polar bear
(Ursus maritimus)

Grizzly bear (Ursus
arctos)

Roads and other
development

Settlements, poaching

Settlements, poaching

Settlements, poaching

Settlements, poaching

Settlements, poaching

Settlements, poaching

Settlements, poaching

Settlements, poaching

Settlements, poaching

Roads

Human activity

Human activity

Human activity

Roads and industry

Roads, industry and/or
tourism

Roads, poaching

Mining

Roads

Human traffic on foot

Roads

Roads

Disturbance of dens by
roads, industrial activity

Roads

Local extinction, avoidance
of roads 7000 m, avoid-
ance of roads 600 m

Avoidance

Avoidance of settled areas,
avoidance 600m of roads

Avoidance

Avoidance

Avoidance

Avoidance

Avoidance of settled
areas, avoidance of
roads 200 m

Avoidance

Avoidance

Avoidance 600 m

Avoidance

Avoidance

Has become nocturnal

Avoidance, increased pre-
dation in remaining habitat

Avoidance 4-10 km from
disturbance, followed by
a zone of 4-25 km from
disturbance with increased/
changed use

Survival negatively
correlated with increased
accessibility to area

Avoidance

Avoidance 200 m

Decreased production

Avoidance 200 m

Avoidance

Abandonment of dens,
reduced survival

Avoidance 100 m

Barnes et al. 1991,
Newmark et al. 1996,
Barnes 1999

Caro et al. 1998

Newmark et al. 1996,
Caro et al. 1998

Caro et al. 1998

Caro et al. 1998

Caro et al. 1998

Caro et al. 1998

Newmark et al. 1996,
Caro et al. 1998

Caro et al. 1998

Caro et al. 1998

Newmark et al. 1996

Griffiths and van Schaik
1993

Griffiths and van Schaik
1993

Griffiths and van Schaik
1993

James and StuartSmith
2000

Dau and Cameron 1986,
Cameron et al. 1992, Helle
and Särkelä 1993, Nelle-
mann and Cameron 1996,
1998, Nellemann et al.
2001, Vistnes 2001

Cole et al. 1997

Kuck et al. 1985

Rost and Bailey 1979

Phillips et al. 2000

Rost and Bailey 1979

Brocke et al. 1988

Linnell et al. 2000

McLellan and
Shackleton 1988

Mammals
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Species Type of disturbance Estimated effect References

Wolf (Canis lupus)

Bobcat (Lynx rufus)

Mountain lion (Felis
concolor)

Roads and settlement

Roads

Logging, human activity

Avoidance of areas with
road densities exceeding
0.5-0.6 km/km2

Avoidance 100 m

Avoidance of areas
<1000 m from logging
and with >0.6 km/km2
roads

Thiel 1985, Mech et al.
1988, Fuller et al. 1992,
Mladenoff et al. 1999

Lovallo and Anderson
1996

Van Dyke et al. 1986b

Mammals (continued)

Species Type of disturbance Estimated effect References

Gaviidae

Black-throated diver/
Arctic loon (Gavia arctica)

Great northern diver/
Common loon (Gavia
immer)

Podicipedidae

Great crested grebe
(Podiceps cristatus)

Little grebe
(Tachybaptys ruficollis)

Procellariiformes

Northern fulmar
(Fulmarus glacialis)

Pacific shearwater
(Puffinus pacificus)

Pelicanidae

Brown pelican (Pelecanus
occidentalis californicus)

White pelican (Pelecanus
erythrorhynchos)

Phalacrocoracidae

Double-crested cormorant
(Phalacorcorax auritus)

Great cormorant
(Phalacrocorax carbo)

Ciconiiformes

Black-crowned night heron
(Nycticorax nycticorax)

Cygnus

Bewick’s swan (Cygnus
columbianus)

Buildings/infrastructure,
boating

Cottages and other
development, boating

Boating, angling,
walking

Recreation

Shore-line activities

Buildings/infrastructure

Shore-line activities

Shore-line activities

Human activity

Water-based activities

Shore-line activities

Shooting

Lower reproductive
success, avoidance

Avoidance 150 m, lower
hatching and reproductive
success

Lower hatching success,
increased predation of eggs

Avoidance

Lower reproductive
success

Avoidance

Increase in nest abandon-
ments, lower reproductive
success

Lower hatching success

Leave nest, increased
predation of eggs and egg
losses, lower reproductive
success

Avoidance

Increased predation of
eggs and nestling mortality

Avoidance, aggregation
in undisturbed areas

Lehtonen 1970, Bundy
1979, Anderson et al
1980, Gotmark 1989

Vermeer 1973, Robertson
and Flood 1980, Alvo 1981,
Heimberger et al 1983

Keller 1989

Tuite 1981

Ollason and Dunnet
1980.

Hill and Rosier 1989

Anderson and Keith
1980, Anderson 1988.

Boellstorf et al 1988.

Kury and Gochfeld 1975,
Verbeek 1982, Hobson et
al 1989

Hubner and Putzer 1985,
Lok and Bakker 1988

Tremblay and Ellison
1979

Scott 1980

Birds
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Species Type of disturbance Estimated effect References

Anser, Branta

Geese (Anseriformes)

White-fronted goose
(Anser albifrons)

Pink-footed goose
(Anser brachyrhynchus)

Pink-footed goose
(Anser brachyrhynchus)

Brent goose (Branta
bernicla)

Canada goose (Branta
canadensis)

Anatidae

Common teal (Anas
crecca)

Northern shoveler (Anas
clypeata)

Common pochard
(Aythya ferina)

Wigeon (Anas penelope)

Mallard (Anas platyrhyn-
chos)

Common goldeneye
(Bucephala clangula)

Common eider
(Somateria mollissima)

Golden eagle (Aquila
chrysaetos)

Turkey vulture (Cathartes
aura)

Black vulture (Coragyps
atratus)

Common kestrel (Falco
trinnunculus)

Bald eagle (Haliaeetus
leucocephalus)

Bald eagle (Haliaeetus
leucocephalus)

Osprey (Pandion
haliaetus)

Tetraonidae

Black grouse (Tetrao tetrix)

Hunting, shore-/water-
based activities, wind
park

Roads

Roads

Roads

Shore-based activities,
aircraft

Shore-line activities

Angling

Recreation

Roads

Angling

Angling

Angling

Recreation

Shore-line activities

Roads, human activity

Buildings/infrastructure

Buildings/infrastructure

Human activity

Roads, hiking trails,
Logging, human activity

Buildings/infrastructure,
human activity

Buildings/infrastructure ,
walking

Skiing

Avoidance

Avoidance, aggregation
in undisturbed areas

Avoidance 100m

Avoidance 500m

Avoidance

Increased predation of
eggs

Decline in population

Avoidance

Avoidance 65-320 m, de-
pending on traffic volume

Avoidance

Avoidance

Avoidance

Avoidance

Lower hatching success,
increased predation of
eggs and young. Avoidance

Avoidance

Successful nests further
from buildings

Successful nests further
from buildings

Avoidance, lower
reproductive success

Avoidance 1600 m

Avoidance

Lower reproductive success

Avoidance

Tuite et al 1983, 1984,
Joensen and Madsen
1985, Owen et al 1986,
Putzer 1989, Winkelman
1989

Mooij 1982

Keller 1990

Madsen 1985

Owens 1977

MacInnes and Misra
1972

Reicholf 1970, 1975

Tuite 1981, Bell and
Austin 1985

Reijnen et al. 1996

Cryer et al 1987

Bell and Austin 1985,
Cryer et al 1987

Bell and Austin 1985,
Cryer et al 1987

Tuite 1981

Joensen 1973, Ahlund
and Gotmark 1989,
Laurila 1989

Fernandez 1993

Coleman and Fraser
1989

Coleman and Fraser
1989

Van der Zande and
Verstrael 1985

Anthony and Isaacs 1989

Stalmaster and Newman
1978, Fraser et al 1985,
Paruk 1987

Van Daele and Van
Daele 1982, Levenson
and Koplin 1984

Miquet 1988

Birds (continued)

Anatini, Aythya, Somateria etc.

Accipitriformes, Falconiformes
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Species Type of disturbance Estimated effect References

Rallidae

Common coot (Fulica
atra)

Common moorhen
(Gallinula chloropus)

Little plover (Charadrius
dubius)

Ringed plover (Charadrius
hiaticula)

Piping plover (Charadrius
melodus)

Hooded plover (Char-
adrius ruficollis)

Black oystercatcher
(Haematopus moguini)

Oystercatcher (Haema-
topus ostralegus)

Oystercatcher (Haema-
topus ostralegus)

Black-tailed godwit
(Limosa limosa)

Black-tailed godwit
(Limosa limosa)

Tringa hypoleucus

Redshank (Tringa
totanus)

Northern lapwing
(Vanellus vanellus)

Northern lapwing
(Vanellus vanellus)

Laridae

Black noddy (Anous
minutus)

Herring gull (Larus
argentatus)

Ring-billed gull (Larus
delawarensis)

Heermanns’s gull (Larus
heermanni)

Black skimmer
(Rynchops niger)

Roads

Recreation

Angling

Shore-line activities

Shore-line activities, off-
road vehicles

Off-road vehicles

Shore-line activities

Roads

Human activity

Roads

Roads

Unspecified

Roads

Roads

Roads

Buildings/infrastructure

Buildings/infrastructure

Human activity

Walking

Human activity

Avoidance 20-75 m, de-
pending on traffic volume

Avoidance

Nest failures

Lower reproductive
success

Lower hatching and
fledging success, higher
territory abandonment

Lower hatching success,
nests run over

Lower reproductive
success

Avoidance 1700-3530 m,
depending on traffic volume

Increase in no. of nests
after stopping traffic

Avoidance 230-930 m,
depending on traffic volume

Avoidance 625-2000m,
depending on traffic volume

Avoidance; population
decline with increased
disturbance, but not at
other lakes with no in-
crease in disturbance

Avoidance, lower nest
densities

Avoidance 120-560 m,
depending on traffic volume

Avoidance 500-2000m,
depending on traffic volume

Avoidance

Avoidance

Lower hatching and
fledging success, in-
creased predation

Increased predation of
eggs and young

Lower hatching and
fledging success,
avoidance

Reijnen et al. 1996

Tuite 1981

Putzer 1989

Pienkowski 1984

Flemming et al 1988,
Strauss and Dane 1989

Buick and Paton 1989

Jeffery 1987

Reijnen et al. 1996

De Roos and Schaafsma
1981

Reijnen et al. 1996

Van der Zande et al.
1980

Watson 1988a

Van der Zande et al.
1980

Reijnen et al. 1996

Van der Zande et al.
1980

Hill and Rosier 1989

Burger and Shisler 1979

Fetterholf 1983

Anderson and Keith 1980

Safina and Burger 1983

Birds (continued)

Charadriidae, Scolopacidae
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Species Type of disturbance Estimated effect References

Sternidae

Least tern (Sterna antil-
larum)

Common tern (Sterna
hirundo)

Alcidae

Black guillemot
(Cepphus grylle)

Alaudidae

Sky lark (Alauda
arvensis)

Motacillidae

Meadow pipit (Anthus
pratensis)

Sylviidae

Willow warbler
(Phylloscopus trochilus)

Passeridae

Sparrows
(Passeriformes)

Tyrannidae

Eastern king bird
(Tyrannus tyrannus)

Geese, cranes, falcons,
plovers, sparrows (An-
seriformes, Gruiformes,
Falconiformes, Charadri-
iformes, Passeriformes)

Charadriiformes

Gulls, terns, waders

Seabirds

Terns, waders

Off-road vehicles,
buildings/infrastructure

Buildings/infrastructure

Human activity

Roads

Roads

Roads

Recreation

Shore-/water-based
activities

Reclamation of
saltmarshes

Unspecified

Buildings/infrastructure

Buildings/infrastructure

Buildings/infrastructure

Lower hatching success,
avoidance

Avoidance

Lower hatching and
reproductive success

Avoidance 100-490 m,
depending on traffic volume

Avoidance 25-90 m,
depending on traffic volume

Avoidance 200m

Significant negative
correlation between
species density and
recreational intensity for 8
of 13 species

Lower fledging success

Short-term increase
followed by long-term
decrease, mainly in
wildfowl

Avoidance

Avoidance

Avoidance

Avoidance

Kotliar and Burger 1986,
Burger and Gochfeld 1990

Storey 1987

Cairns 1980

Reijnen et al. 1996

Reijnen et al. 1996

Reijnen and Foppen
1994 (part I)

Van der Zande et al 1984

Robertson and Flood
1980

Glue 1971

Haworth and Thompson
1990

Parnell and Soots 1975,
Burger 1988

Witt 1984

Buckley and Buckley
1975

Birds (continued)

Studies of several species
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12.1 Review No. 1

”This is to comment and endorse the many merits that the GLOBIO initiative has. GLOBIO, in my
personal view has provided essential tools for the assessment of sustainability of human interventions
and has done deploying the best and most modern techniques available.

As we encroach into the last frontiers (High Amazon, Central Africa, Northern and Southern seas),
GLOBIO is capable of providing a framework to analyze the anthropogenic impacts and will
assist in ascertaining the cost and benefits of these activities. In fact, I personally strongly believe
that the methods provided by GLOBIO in combination with modern economic valuation techniques
for natural capital may constitute one of the best chances we have to communicate to decision
makers a vision of alternative development paths for these regions.

I hope the work done through GLOBIO will continue and expand, not only through the analysis of
large ecosystems under encroachment but also through the analysis of past sins. This will provide
information on how natural capital was lost and the value of associated long term economic losses.

We are so far losing the battle, my hope is that systems like GLOBIO will help us turn the tide”.

Walter Vergara
Lead Engineer, Coordinator Quality Assurance Group,
The World Bank, 31st May 2001



45

12.2 Review No. 2

“No one can doubt that indirect human impacts now affect every corner of the globe to some
degree, whether one thinks of the finding of DDT residues in Antarctica during the 1970s or the
increasing hole in the ozone layer over the northern hemisphere in the past decade. Elsewhere in
the world, native wildlife is everywhere in retreat before the expansion of human populations and
ancillary infrastructures such as roads and industrial developments. This has occurred throughout
human history but, today, scientists are able to measure changes, to use accumulated knowledge of
wildlife reactions and to explore possible scenarios if current trends continue. This will allow
policy-makers to make choices between alternative actions. Would we have decided that we were
willing to experience Rachel Carson's "Silent Spring" if we had been able to predict all the side
effects of pesticides in 1950?

GLOBIO is a novel approach for studying human impacts on the biosphere. Infrastructures can be
readily mapped by satellites and this initial application to the Arctic allows us to start with a nearly
clean slate. Apart from current proposals to explore and exploit oil, gas and mineral resources, it is
possible that global warming in the next fifty years will allow the expansion of settlements further
north. The "impact zones" are necessarily based on a broad summation of existing research studies
on individual species and communities of plants and animals, and the list of 221 papers examined
in this report is an impressive one. Specialists might argue that more weight could have been given
to the known effects of roads on amphibians and reptiles, and numerous studies have been made
on the effects of power lines on birds. However, such data would probably not significantly affect
the input to the GLOBIO model insofar as it is applied to this initial pilot study.

I am less sure about how it would be applied to other parts of the world where there are few
remaining large pristine areas. Here, it seems to me, one is looking at further fragmentation of
habitats: by roads that allow access to tourism if nothing else. While some species may adapt to
low level disturbance others will not and will simply disappear. A choice between infrastructures
"for the good of the community" and the longer term needs to preserve intact samples of natural
habitats can only be made by an educated society. In Kerala, for example, a unanimous government
policy to dam a river in Silent Valley, a pristine area of rainforest, was overturned by public
opposition and finally declared a National Park and Biosphere Reserve . Today this has minimal
public access in order to conserve a wide range of rare fauna and flora. Environmental education
is a global commodity and GLOBIO offers the opportunity to share ideas world-wide”.

Dr. Brian N. K. Davis
Editor-in-Chief for the Scientific journal Biological Conservation
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12.3 Review No. 3

”Having read the draft report entitled "GLOBIO - Global methodology for mapping human impacts
on the biosphere", it is my general opinion that the report is tackling a very challenging issue in a
novel way. The inclusion of infrastructure coverage as an indicator for pressure on ecosystems
makes to my mind much sense for a number of reasons:

1) Infrastructure as pressure indicator:

Infrastructure is one of the first major anthropogenic pressures affecting the natural environment
- such as the Arctic or other natural areas which seem to be still less at risk (i.e. in comparison to
the environment in already more developed regions in the world).

2) Infrastructure "critical levels":

Infrastructure is a simple indicator which can be comprehensively used both by scientists and
policy makers to reflect the response surface of human interaction, while contributing to the
identification of critical thresholds of such interaction.

3) Merits for policy development:

It is important to further explore the potential of a rather simple indicator such as the coverage of
infrastructure as a comprehensive early warning mechanism. As such, a valuable contribution to
policy developments and scenario assessments with respect to habitats and biodiversity could be
made. Indeed, as the GLOBIO report points out, critical threshold approaches and scenario analysis
in combination with geographical mapping (of areas at risk) have been successfully used to support
negotiations of air pollution reduction protocols in the framework of the UN/ECE Convention on
Long Range Transboundary Air Pollution. Critical loads and levels have proven to simplify the
communication between science and policy in a common effort to provide early identifications of
areas at risk. The use of infrastructure could cover similar mileage for the potential scientific
support of policy negotiations,

Thus, the potential benefits of a systematic approach to assess natural resource exploitation and
anthropogenic changes to habitats and biodiversity - including a simple indicator such as
infrastructure - deserve the attention initiated by the GLOBIO report. Of course, it is important to
also consider interactions with other pressures (e.g. air-, water- and soil pollutants affecting changing
bio-geochemical cycles). Infrastructure is not the only driving mechanism. In general, the
propagation of environmental degradation (as well as recovery) or fragmentation also has origins
in both global as well as local environmental cause-effect mechanisms. The exploration of ideas
presented in the GlOBIO report in conjunction with the integrated assessment of other impacts
(including those associated to infrastructure) is a valid issue for future work.

In conclusion, I believe that the methodology tentatively outlined in the GLOBIO report has an
important potential to contribute further to the scientific and technical support of policy and protocol
developments regarding the mitigation of anthropogenic pressure on habitats and biodiversity”.

Prof.dr.Jean-Paul Hettelingh
University of Leiden, Centre of Environmental Science
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12.4 Review No. 4

“During the last decades, human activity has reached a biosphere scale with unprecedented impact
on the world's natural resources. The "Living Planet Report 2000", in which the UNEP also
participated, illustrates how the world capacity for sustaining life was passed over already in
1975. The natural capital of our planet is being consumed: man is not living anymore from the
rent.

A sustainable approach to development on all scales is therefore an urgent need, and a formidable
political and technical challenge. We are aware of the problem, but we do not have enough
knowledge or political consensus to solve such a complex problem. Trial and error has been our
approach at the local level, and we still search for methods that can be applied on a large scale with
sufficient pragmatism for decision makers, but without losing a minimum of rigor.

The present GLOBIO study fits into this category of new tools, analysing the potential consequences
of different scenarios of infrastructure development during the coming decades in the Arctic region.
It is wise to select infrastructures as the key element that best links territorial direct, indirect and
cumulative antropogenic impacts with ecosystems functioning and maintenance of biodiversity.
The case-study of the Arctic is crystal clear and promising. The question now is if this innovative
method can equally be applied to large and more complex regions that are already more heavily
intervened, and where available studies regarding impact on species are not so accurate or are just
simply biased. Contradictory demands of the local population may also complicate the scenarios,
but this should not become an insurmountable drawback.

The GLOBIO methodology will not deliver exact results, but it surely deems to be useful in the
policy-making arena. At this stage, man cannot anymore afford rigorous time-consuming scientific
studies. Thus, GLOBIO is quick and worth trying.

Dr Antonio Machado
President of the European Centre for Nature Conservation
Editor-in-Chief for the scientific journal Journal for Nature Conservation
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"GLOBIO is a pioneering attempt to meet the needs of decision-makers and the public for 
scientifically-based information about the consequences of their choices today for the future 
of biodiversity, sustainable development, and local cultures. (...) GLOBIO gives us all a 
chance to explore where the road we are following will lead us."

Dr. Walter Reid, Director, Millenium Ecosystem Assessment

"It's extremely thorough and can stand as a useful reference document itself. As with all 
good ideas, GLOBIO appears to be elegant in its simplicity and leads one to exclaim, "Of 
course, infrastructure is the inevitable early footprint of development, and you can even see 
it from space! Why didn't I think of that? ...cut a road into the forest for whatever purposes 
and the chainsaws will soon follow"."

Dr. Harvey Croze, Former Division Director UNEP

"I personally strongly believe that the methods provided by GLOBIO in combination with 
modern economic valuation techniques for natural capital may constitute one of the best 
chances we have to communicate to decision makers a vision of alternative development 
paths for these regions. (...) We are so far losing the battle, my hope is that systems like 
GLOBIO will help us turn the tide."

Dr. Walter Vergara, Head of the Quality Assurance Group, The World Bank

"GLOBIO is a novel approach for studying human impacts on the biosphere. (…) 
Environmental education is a global commodity and GLOBIO offers the opportunity to share 
ideas world-wide."

Dr. Brian N. K. Davis, Editor-in-Chief for the Scientific journal Biological Conservation

"In conclusion, I believe that the methodology tentatively outlined in the GLOBIO report has 
an important potential to contribute further to the scientific and technical support of policy 
and protocol developments regarding the mitigation of anthropogenic pressure on habitats 
and biodiversity."

Prof. Dr.Jean-Paul Hettelingh, University of Leiden, Centre of Environmental Science

"(…) crystal clear and promising. (...) it surely deems to be useful in the policy-making 
arena. At this stage, man cannot anymore afford rigorous time-consuming scientific studies. 
Thus, GLOBIO is quick and worth trying."

Dr. Antonio Machado, President of the European Centre for Nature Conservation 

Editor-in-Chief for the scientific journal Journal for Nature Conservation

GLOBIOQUOTES ON


