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1. THE BIODIVERSITY CHALLENGE 
 
1.1 Anthropogenic threats to biodiversity and human resource demands 
 
The basic question we face as conservationists is this: by the second half of this 
century, how can Earth sustain a human population of possibly nine or more billion 
people and at the same time support healthy populations of the millions of other species 
with which we share the planet? As authors of the Living Planet Report we would like to 
consider this question further, and make some tentative recommendations for future 
targets which might guide NGO strategy or CBD policy. 
 
The loss of biological diversity in terrestrial, marine and freshwater ecosystems all 
around the world, and the consequent deterioration of the ecological goods and 
services arising from that biodiversity, is typically the result of one of five direct 
pressures or threats:  

1. habitat destruction or degradation;  

2. over-exploitation of wild-harvested species;  

3. alien invasive species;  

4. pollution;   

5. climate change.  

 
These direct threats to biodiversity in turn arise from indirect drivers, all of which involve 
the production and consumption of natural resources, including the impact of the 
associated waste. These activities can be tracked by the Ecological Footprint which 
measures the biologically productive area necessary to provide the resources being 
consumed and to absorb the corresponding waste. Essentially, the Footprint measures 
resource flows. It asks the question: what is the productive area required to sustain a 
given level of consumption by a given population? For the world's human population 
today, the question becomes: how much of Earth’s regenerative capacity is needed to 
sustain our current level of consumption, using prevailing technology?  
 
To answer this question, our Ecological Footprint must be broken down by key activities 
or sector. The primary demand comes from extractive sectors including agriculture, 
comprising all food and fibre crops as well as meat and dairy, forestry, fisheries, mining, 
industry, water and energy. Other sectors, higher up in the supply chain indirectly draw 
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on these demands, including final demand. Every point along the supply chain, up to 
final demand and eventual waste management offer opportunities for intervention. 
 

All these supply chains and human activities combined can be thought of as humanity’s 
ecological metabolism whereby resources are produced, transported, processed, 
consumed and then the waste products disposed of. Hence, it is clear to see how the 
four of the five main threats to biodiversity around the world can be traced back to one 
or more of these Footprint activities.   

1. Natural habitat is lost, 
altered or fragmented 
through its conversion for 
cultivation, grazing, 
aquaculture, and industrial or 
urban use. River systems are 
dammed and altered for 
irrigation, hydropower or flow 
regulation. Even marine 
ecosystems, for example 
seabeds, can be physically 
degraded by trawling, 
construction and extractive 
industries.   

2. Over-exploitation of wild 
species populations is the 
result of harvesting or killing 
animals or plants for food, 
materials or medicine, at a 
rate above the reproductive 
capacity of the population. It 
has been the dominant threat to marine biodiversity, where overfishing has 
devastated many commercial fish stocks1. However, overexploitation is also a 
serious threat to many terrestrial species, particularly tropical forest mammals 
hunted for meat. Overharvesting of timber and fuel wood has also led to loss of 
forests and their associated plant and animal populations. 

3. Pollution and excessive accumulation of waste also causes biodiversity loss, 
particularly in aquatic ecosystems. Excess nutrient loading as a result of the 
increasing use of nitrogen and phosphorous fertilizers in agriculture results in 
eutrophication and oxygen depletion. Toxic chemical pollution often arises from 
pesticide use in farming or aquaculture, from urban and industrial effluents, and 
from mining activity. 

4. Early impacts of climate change have been felt in polar and mountain regions as 
well as coastal and marine ecosystems such as coral reefs. Inland areas are 
becoming subject to changing rainfall patterns leading to flooding in some 

                                                
1
 Evidence also points to a long term and dramatic depletion of pelagic ocean plankton populations, declining as a 

result of climate change and changing land use patterns, especially in arid regions of Asia that have been the source 
of wind-blown micro-nutrients (e.g. iron) essential to photosynthesis.  If this evidence continues to be supported, 
populations of pelagic ocean fish, mammals, reptiles and sea birds are at risk not only from exploitation but from 
diminishing base food stocks. 
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regions and drought in others, which have impacts on ecosystems as well as 
local human populations.   

5. Invasive species, introduced either deliberately or inadvertently to one part of 
the world from another, and which become competitors, predators or parasites of 
indigenous species, are responsible for declines in many native species 
populations. This is especially important on islands and in freshwater 
ecosystems, where they are thought to be the main threat to endemic species. 
Although not directly driven by a footprint-related activity (many of the most 
devastating species introductions were the result of a deliberate action unrelated 
to resource production or consumption), the introduction of alien invasive species 
and diseases has been accelerated by global trade and transportation.  Habitat 
fragmentation is another important cause of the rapid expansion of invasives.  
Fragmented habitats provide a multitude of corridors into which weedy species 
(both animals and plants) can rapidly expand their range.  Increased competitive 
pressures can decimate indigenous populations. 

 
The scale of the impact on the biosphere resulting from any Footprint activity, whatever 
sector it may be in, will depend ultimately on three factors. First, the total number of 
consumers, or population. Second, the level of consumption per capita. And third, the 
efficiency with which we convert natural resources into the goods and services we 
consume.2 It is helpful to think about these three factors when trying to find ways to 
reduce humanity's Footprint on the biosphere. Although the cause-and-effect chain 
described above and in Figure 1 is well-known, and has been described in various 
different ways (Millennium Assessment for example) it has not figured particularly 
prominently in CBD’s or WWF’s thinking about setting targets for the conservation of 
biodiversity.  
 
Many conservation interventions focus on activities that take place in the field, such as 
the establishment of protected areas. While conservation in the field is absolutely vital 
for protecting populations of many wild species, it will probably not be enough to protect 
the majority of species and ecosystems in the longer term. The reason is that the 
human metabolism is becoming so large compared with Earth’s regenerative capacity. 
To be confident of halting the decline in populations of the world's species, humanity’s 
ecological metabolism needs to be both reduced, as well as managed more carefully to 
reduce its impacts on biodiversity. That means changing the ways in which we produce 
and consume natural resources and dispose of their waste products.  This also means 
that a broad educational effort is needed to reinforce the importance of restoring 
ecosystem health and integrity in order to build back biodiversity that in turn contributes 
robust production of ecosystem services. 
 
 
1.2 Measuring human demand against nature’s regenerative capacity 
 
One way to quantify the human metabolism, and to compare it to the regeneration rate 
of the biosphere is offered, as mentioned above, by Ecological Footprint accounting 

                                                
2

 This derives from Paul Ehrlich's and John Holdren’s well known IPAT equation, where impact = population x 

affluence x technology. Take for example carbon emissions. Total emissions = population x energy consumption per 
person x carbon emission per unit energy. 
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(www.footprintnetwork.org/atlas). This approach measures humanity’s demand on the 
biosphere in terms of the area of biologically productive land and water necessary to 
provide the resources people use or to absorb waste materials.  This area is reported in 
global hectares (gha) – standardized hectares with globally average productivity. While 
not capturing everything, and being in constant improvement, this scientific approach 
captures in constant ways both the availability and demand on ecological services. 
 
In 2005, based on FAO data sets and Global Footprint Network’s computation, 
humanity’s worldwide Ecological Footprint was 17.5 billion gha. With a world population 
of 6.5 billion people, this equates to an average Footprint of 2.7 gha per person. But 
there were only 13.6 billion gha of bioproductive areas available that year, or 2.1 gha 
per person. The resulting overshoot of almost 30% means that in 2005 humanity used 
the equivalent of 1.3 Earths to support its consumption. In other words, it took the Earth 
approximately a year and four months to regenerate the resources used by humanity in 
that year. 
 
How is it possible for an economy to continue operating in overshoot? If not over-
harvested, the stocks of forest or of fish can increase over time. These capital stocks 
can, for a limited period, be harvested faster than they regenerate. Similarly, wastes 
such as carbon dioxide, can be emitted into the atmosphere faster than nature can 
remove it, resulting in increasing concentrations over time. 
  
It is therefore possible for the global economy to function while in ecological overshoot 
for a limited period of time, but not forever. Ultimately, especially as a result of 
continued loss of biodiversity3, natural capital will be depleted and ecosystem 
productivity will decline, eventually resulting in permanent loss of biological productivity 
and diversity. At the same time, the accumulation of wastes will impact ecosystem 
services and functions and alter, perhaps irreversibly, the physicochemical properties of 
a world that life has adapted to, on which its continuing ability to provide ecological 
services depends. 
 
 
2. THE PROPOSED INTERVENTION MODEL 
 
2.1 Conserving biodiversity in a time of global ecological overshoot: a two-
pronged approach 
 
Closing the gap between human demand and the Earth’s biological regenerative 
capacity (biocapacity) is necessary for maintaining biodiversity. But that’s not enough. If 
not managed well, this can still lead to biodiversity loss. Aggressive efforts to increase 
biocapacity can reduce biodiversity – for example, the expansion of agricultural or 
grazing lands at the expense of natural forests. Therefore, actions and interventions to 
sustain the livelihoods of the world's human population and at the same time to 
conserve biodiversity depends on a two-pronged approach: top down – reducing 
humanity's Footprint across the globe; and bottom up – protecting ecosystems from 
destruction or degradation by managing them to ensure that their biological productivity 
and diversity are sustained. 

                                                
3
   Diverse assemblages of animals and plants serve as the ‘switches and wires’ of the ecosystem factory, enabling 

the flow of energy and materials critical to the production of natural capital.   
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Top-down – reducing Footprint: The rationale is simple: biodiversity cannot be 
maintained if humanity’s Footprint does not remain well within the means of planet 
Earth. Limiting and mitigating the impacts of climate change depends on stabilizing the 
concentration of greenhouse gases in the atmosphere and cannot be achieved by 
protecting ecosystems alone.  Rather it depends on managing overall emissions of CO2, 
including mitigation of CO2 concentrations in the atmosphere via increased 
sequestration of carbon by restoring biodiverse plant associations on land and in the 
open ocean.  Similarly, the human demands in other Footprint areas must be reduced 
until they fall within the biological capacity of the natural and managed ecosystems 
upon which they depend. Without Footprint reduction, protecting one ecosystem is only 
possible at the cost of other ecosystems. Hence reducing humanity’s Footprint to a level 
that can be handled by the planet is a necessary condition for succeeding with 
conservation. 
 
Bottom-up – sustaining ecosystems through protection and good management. 
Conservation of both natural and managed ecosystems is as important as Footprint 
reduction. The conservation of ecosystems does not mean excluding human uses, but 
rather, human use must not degrade ecosystem productivity, nor reduce biodiversity. 
This principle applies as much to agricultural or managed ecosystems as it does to 
natural or semi-natural ecosystems. The certification of well-managed forests and 
fisheries has been pioneered by the Forest Stewardship Council and the Marine 
Stewardship Council.4 These certification systems aim at keeping exploitation at a level 
that stays within the regenerative capacity of the ecosystems, while maintaining them as 
healthy habitat for biodiversity. In addition to sustaining the productivity and diversity of 
productive, managed ecosystems and agro-ecosystems, continued efforts are needed 
to establish and manage nature reserves and protected areas that are primarily for 
biodiversity conservation or maintaining territories and lands of traditional or indigenous 
peoples. This should include extensive efforts to build back diverse natural communities 
that have been lost due to rampant deforestation, desertification and declining ocean 
productivity.  Also, care must be given to avoid the spread of alien invasive species. 
 
This two-pronged approach amounts to better management of humanity’s metabolism 
and touches the production and consumption of natural resources for food, water, 
materials and energy, and the disposal of associated waste products. 
 
 
3. SETTING FOOTPRINT REDUCTION TARGETS – eliminating overshoot 
 
Three factors determine the magnitude of the global Footprint, as described above: total 
population size, the average consumption per person in that population, and the 
average Footprint intensity per unit of consumption. Each of the factors can be affected: 

 
1. Population. Increase in population can be slowed and eventually reversed by 
supporting families in choosing to have fewer children. Investing in women’s 
ability and confidence to choose, providing equal access to education and 

                                                
4
  Management principles of certification approaches are informed by the desire not to overexploit (and are under the 

pressure to only minimally restrict exploitation). They also aim at exploitation that is biodiversity friendly. This should 
apply to any land or area use – FSC, MSC, and biodiversity-friendly agriculture (such as for instance organic 
agriculture with additional ecological services that support biodiversity).  
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economic opportunities, and removing barriers to family planning are three 
proven and complementary approaches to achieving this. 
 
2. Consumption of goods and services per person. The potential for reducing 
consumption depends in part on an individual’s economic situation. While people 
living at or below subsistence may need to increase their consumption to move 
out of poverty, more affluent people can reduce consumption and still improve 
their quality of life. The way cities and infrastructure are shaped determines 
significantly the resource demands of its residents. Careful infrastructure 
planning and investment harbours the largest opportunities for securing human 
wellbeing within the biosphere’s constraints. 
 
3. Footprint intensity, or the amount of resources used per unit of goods or 
services produced, can be significantly reduced. Some have identified Factor 10 
reduction potentials for certain goods and services. This takes many forms, from 
energy efficiency in manufacturing and in the home, through minimizing waste 
and increasing recycling and reuse, to efficient use of water and materials in 
agriculture and industry. 

 
In combination, these three approaches are necessary to reduce humanity's Footprint to 
a potentially sustainable level, i.e. within the productive capacity of the planet's natural 
and managed ecosystems. In order to conserve biodiversity at the same time, some of 
Earth's biocapacity must be reserved for the use of other species. There is no 
consensus on how much should be reserved for other species, but somewhere in the 
range of at least 10 to 30% will probably be necessary to sustain populations of all 
existing species. 
 
A set of targets could be drawn up that would specify the global Footprint objectives in 
the following way, for example: 
 

• By 2020, humanity should aim to reduce its total Footprint to below its 2000 level 

• By 2030, humanity should aim to reduce its Footprint to no more than 10% above 
Earth's biocapacity; 

• By 2040 humanity should return its Footprint to the level that can be sustained by 
one planet exactly; 

• By 2050 humanity should reduce its Footprint to 10% below the level that can be 
sustained by Earth's ecosystems.  

 
These targets could be achieved through policies and actions by producers, consumers 
and governments in each of the major Footprint sectors – agriculture, forestry, fisheries, 
mining, energy and water, especially via the adoption of scientifically sound certification 
standards.  In some sectors, it will be hard if not impossible to avoid an increase in the 
global Footprint because of the possibility that world population might still grow 
significantly between now and 2050. This is probably true for agriculture and 
construction. It will therefore be necessary to make greater reductions in other sectors, 
especially energy which currently makes up the largest portion of the global Footprint. It 
may be possible to expand the Footprint in one domain in order to reduce it in another, 
for example by substituting biomass for fossil fuels. The critical point is that, when 
aggregated, humanity’s Footprint adds up to no more than the global target level.  
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In practice, these targets would be translated into objectives for carbon emissions, land 
use, water use, and harvesting of wild species. A set of global Footprint targets might 
look like this: 
 

Footprint 
Sector Unit 2005 Actual 2020 Target 2040 Target 

Carbon billion tC/yr 6.8 6.5 4.7 

Cropland billion ha 1.4 1.4 1.5 

Grazing billion ha 1.9 1.9 2 

Urban areas billion ha 0.2 0.21 0.25 

Forest billion m3/yr 2 2.2 2.6 

Fish million t/yr 75 70 60 

 

Note: these targets are examples – they need more specificity and are for illustrative purposes only. 

 

At the same time, from the bottom–up approach, eventually all ecosystems need to be 
under sustainable management, ideally managed against a standard equivalent to a 
recognized certification of sustainability. . This standard needs to ensure that 
ecosystems are not overexploited, maintain their productivity and support biodiversity.  
 
As a goal, all ecosystems, including agriculture, fishing grounds, and even built areas, 
should be managed, to meaningful standards of sustainable biological productivity and 
diversity. 
 
 

Box on agriculture: intensive versus organic agriculture 
 
Organic agriculture on any hectare of land would support a higher level of 
biodiversity than intensive agriculture typically allows. But the question is: for a given 
level of production, is the biodiversity better maintained by concentrating and 
containing agriculture through intensive use, and reserving some non-farming areas 
to support other species, or by using a larger area less intensively, by farming 
organically for example, in order to supply the same amount of food? A second 
question is, will more intensive agriculture simply lead to higher demand, or can we 
stabilize or even reduce demand, and then find the least impactful way of meeting 
this demand? The Footprint, combined with insightful biodiversity assessments, can 
help us answer such questions empirically, comparing actual cases. 
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4. HOW CAN NATIONS INTERVENE? 
 
If we accept the bottom up and top down imperative, and recognize the self-interest in 
preparing ourselves for an ecologically constrained world, there are the following 
actions can be taken. 
 
4.1 Robust ecological accounting – as essential as good financial bookkeeping 
 
Nations need to know both their biological productivity, or biocapacity, and their demand 
on nature, or Ecological Footprint. They also need to know how well their ecosystems 
are managed, or, conversely, to what extent their ecosystems are exposed to 
mismanagement that undermines their productivity and diversity. 
 
Without accurate and relevant information, we cannot effectively manage. Without 
financial accounting, businesses would operate in the dark, risking bankruptcy. Without 
resource accounting, there is a time lag in recognizing and responding to ecological 
deficits and overshoot. By the time the effects of overshoot become apparent, it may be 
too late to change course and avoid ecological bankruptcy. The collapse of fisheries off 
the east coast of Canada and the severe effects of deforestation in Haiti are two 
unfortunate examples.  
 
Robust resource accounting and reporting are essential to combating climate change, 
the preservation of fisheries stocks, and agreements for sharing water rights. These and 
other measures designed to protect ecological assets help prevent and mitigate 
environmental crises and their socioeconomic consequences. They can be used to 
establish baselines, set targets, and monitor success or failure of sustainability 
strategies. 
 
4.2 Planning for a functional future 
 
Starting in the mid 1980s humanity’s Ecological Footprint – human demand on Earth’s 
resources - has been bigger than Earth's biocapacity – its capacity to supply resources. 
By 1996, humanity was using 15 percent more resources in a year than the planet could 
supply. Today, humanity’s overshoot is over 30 percent. Business-as-usual scenarios 
based on moderate population and consumption projections of UN agencies show 
humanity using twice the planet’s biocapacity by 2050 (for details see our Ecological 
Footprint Atlas or Global Footprint Network and WWF’s Living Planet Report 2008). 
Reaching this level of overshoot may be ecologically impossible.  
 
The infrastructure built today – roads, power plants, housing; water systems, urban 
expansions – may last 50 or even 100 years. Since infrastructure shapes the way we 
live, today’s investment decisions largely determine the level and type of resource 
consumption for decades to come. Poor choices can lock us into an ecologically (and 
economically) risky scenarios.  
 
Can we future-proof our economies and cities in time? What kinds of technology will be 
needed a few decades from now? How can we direct our investments into infrastructure 
that will enable countries and cities to provide wellbeing in a world of rising resource 
constraints? These are the questions that are at the core of managing for resource 
stability and biodiversity conservation. Without an infrastructure that can constrain 
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human demand while satisfying human needs, the pressure on biodiversity will continue 
to rise and will ultimately undermine any effort to preserve wild species and their 
ecosystems. All this depends on planning ahead and distinguishing between 
developments that trap society into high levels of resource consumption, or those that 
secure wellbeing on ever less resource demand. 
 
 
4.3 Transforming the way society lives, produces and consumes 
 
Significant social and economic transformations are required to turn humanity on to a 
sustainable development pathway which safeguards biodiversity. Some changes will be 
relatively quick to bring about while others may take several generations. The critical 
measures needed to bring about the changes are likely to include some or all of the 
following: 
 

1. Reduce and eventually reverse human population growth so that the world 
population peaks at as low a level as possible. Note that this is not a call for 
coercive population control. Rather, it will entail investing in women's power to 
choose how to live their lives. 

2. Reduce global average per capita consumption to within the biocapacity of the 
planet. Do this in a way that ensures that a decent quality of life can be 
maintained by the entire world's population. This will include eliminating wasteful 
and excessive consumption at the same time as raising the standard of living of 
the most disadvantaged. Urban and infrastructure design has one of the biggest 
leverages for achieving this. 

3. Promote technologies and production systems that use resources efficiently. This 
will necessitate the removal of perverse subsidies that encourage wasteful use of 
energy, water or other natural resources, and replacing them with incentives that 
encourage efficient use of resources. 

4. Ensure that managed and semi-natural ecosystems maintain their biological 
productivity and diversity. This will involve the removal of perverse subsidies that 
encourage the destruction, degradation or over-exploitation of productive 
ecosystems and their natural resources, and replace them with incentives that 
promote their sustainable management.  This will also require an careful 
assessment of areas where restoration of biodiversity can optimally contribute to 
regional ecosystem services by building back natural capital stocks. 

5. Sustain biodiversity and the livelihoods of traditional and indigenous peoples 
through a system of tribal areas, nature reserves and national parks. 

 
 
Society has many tools at hand to intervene once the plan and its goals are clear. They 
fall into three broad categories 
 

1. Moral suasion – examples are: increasing the public and the leaders’ 
understanding of the challenges, truthful and transparent wealth accounting, solid 
education for professionals and broader social groups and providing skill training 
to cope with these issues, pointing out unrealized self-interest, supporting 
pressure groups, watchdog organizations and reliable media outlets, etc. 
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2. Subsidies, taxes and incentives – examples are: incentives for restoration of 

species and habitats, taxes on energy and emissions, subsidies for innovations 
in the field of renewable energy and low-impact technology, subsidy on compact 
housing and taxes on urban sprawl, removal of perverse subsidies that 
encourage the destruction, degradation or over-exploitation of productive 
ecosystems and their natural resources, etc. 

 
3. Regulation – examples are: housing standards, use rights, ecosystem 

certification, quotas (including emission rights), restriction of trafficking of wild 
species, border control of invasive species, expanded lists for species of 
concern, increasing penalties for species ‘takings’5, etc. 

 
There is no question that this is technically and economically feasible. The question is 
whether there is the public and political will to change the current course of 
development. The good news is that such a new course is in the interests of global and 
national security. Once this is more widely understood, it should be easier to gather 
critical mass for the necessary action. 
 

�  

                                                
5
 As defined, for example, in the U.S. Endangered Species Act. 


