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Plot of the planetary boundaries according to the Nature paper by Rockström et al. The colored star-like area represents the estimated current state and the corners of the red octagon circumscribed by the Earth are the estimated boundaries. Systems whose safe operating space could not yet be determined were left out.

Introduction

This is a rough summary of the conclusions, second hand, i.e. from Mark Lynas’s book, of a get together by scientists, led by Johan Rockstrom and Will Steffen, in Sweden in 2009, designed to define a ‘safe operating space for humanity’. The group included Nobel laureate Paul Crutzen, James Hansen and the German Chancellor's chief climate adviser Hans Joachim Schellnhuber.

Population, minerals and oil are not included as planetary boundaries.  Population may make these boundaries harder to meet but is not in itself a quantifying physical Earth-system process, and it makes no difference to the biosphere is we run out of iron or cheap oil.

In The God Species, Mark Lynas discusses these boundaries and asks whether we are rebel organisms destined to destroy the biosphere or divine apes sent to manage it intelligently and so save it from ourselves.  He quotes Stewart Brand: ‘We are as gods and have to get good at it.’  

Lynas’s suggested methods for keeping to the boundaries are often at odds with the premise of Joy in Enough.  I have tried to keep his convincing solutions from contaminating these notes, but some may have slipped in uninvited.

1. The Biodiversity Boundary
Where we are

Currently under threat of global extinction are:

A quarter of the world’s mammals

A third of amphibians

13% of birds

A quarter of warm-water corals

A quarter of freshwater fishes

with the rate of loss accelerating – between 2007 and 2008 the Red List saw 36 mammals improve in terms of how threatened they are but 150 deteriorated.

Between 100 and 1000 species per million are being wiped out every year.

E.g. there are only 3500 tigers left in the wild, with the Bali, Caspian, Javan, and probably the South China tiger all extinct.  Yet it would cost only $82 million to protect the 42 sites around Asia where viable populations remain and save the tiger from extinction.

Where we are going

A fundamental principle of biodiversity is that the greater the diversity, the more resilient and stable and ecosystem will be.  The same applies to the biosphere as a whole.  Tipping points have been passed in ecosystems such as the Newfoundland cod fishery and the Caribbean coral reefs where an irreversible and rapid collapse occurred.  Might there be some corresponding tipping point in the biosphere?

The sixth mass extinction, or the Anthropocene Mass Extinction, is already well advanced, and the death toll will soon rival that at the end of the Cretaceous, when the dinosaurs (and half the rest of life on Earth) disappeared.

The price of pandas

Some pointless numbers:

The values of species have been quantified based on surveys of how much people are willing to pay to prevent extinction:

Red squirrel - $2.87

Californian sea otter - $36.76

Giant panda - $13.81

Mediterranean monk seal - $17.54

Blue whale - $44.57

And Robert Costanza’s economic value of the planet was £33 trillion per year (vs total global GNP of $18 trillion in same year, 1997)

Lynas says that putting a price on nature has worked in some areas.  ‘Payment for ecosystem services’ through paying landowners to preserve forests in Mexico has halved the annual rate of deforestation.

What we need to do

Biodiversity loss must be reduced to a maximum of ten species lost per million species per year. This is between 1 and 2 orders of magnitude lower than we are currently experiencing.

Safeguarding species must either be paid for or make economic sense and have the force of the law.

Lynas encourages readers to raise funds to preserve biodiversity. CEL’s rainforest fund would fit this call

What has been agreed

At the 2010 10th Conference of Parties (COP) to the Convention on Biological Diversity in October in Nagoya, Japan, the Nagoya Protocol was adopted.

The convention recognized for the first time in international law that the conservation of biological diversity is "a common concern of humankind" and is an integral part of the development process. The agreement covers all ecosystems, species, and genetic resources. It links traditional conservation efforts to the economic goal of using biological resources sustainably. It also covers the rapidly expanding field of biotechnology through its Cartagena Protocol on Biosafety, addressing technology development and transfer, benefit-sharing and biosafety issues. The convention reminds decision-makers that natural resources are not infinite and sets out a philosophy of sustainable use. 

The convention also offers decision-makers guidance based on the precautionary principle that where there is a threat of significant reduction or loss of biological diversity, lack of full scientific certainty should not be used as a reason for postponing measures to avoid or minimize such a threat. The Convention acknowledges that substantial investments are required to conserve biological diversity. It argues, however, that conservation will bring us significant environmental, economic and social benefits in return.

It directs governments to take ‘direct action … to restore biodiversity and ecosystem services’ by ‘means of protected areas, habitat restoration, species recovery programmes and other targeted conservation interventions’. Although this is voluntary, national governments are encouraged to turn them into law.

2. The Climate Change Boundary
Where we are

We passed 400ppm CO2 in 2013, from 278ppm pre-industrial.

According to Lynas, this is the easy-peasey boundary to tackle.  We have all the tools necessary to begin a wide-scale decarbonisation of the global economy, and to achieve this at the same time as both living standards and population numbers are rising rapidly in the developing world. Some of the tools Lynas envisages are unacceptable to some environmentalists.

Where we are going

Ground Zero for global warming is the rapid thaw of the Arctic, something that Mark Serreze, of the US National Snow and Ice Data Center calls a ‘death spiral’.   It’s all about feedbacks and keeping the warming low enough so that natural sinks are not destabilized.

What we need to do

The safe level of CO2 is 350ppm, dropping asap to 300ppm.

Limiting the speed and magnitude of the future temperature increase to just 1.5 degrees this century, the most likely outcome of a 350ppm pathway, would keep global warming slow enough to allow both natural ecosystems and human societies to adapt.  This would mean a cumulative limit of one trillion tonnes of carbon in total throughout the whole Anthropocene for which the global economy needs to be carbon neutral by 2050 and carbon negative after that. If global reductions start in 2015 the decarbonisation rate need be only 3% per year.  If we wait until 2030, the required reductions are 8% per year and will mean throwing away energy infrastructure before it has reached the end of its lifetime.

The goal must not be incremental percentage cuts in emissions, but – as with CFCs – the elimination of fossil-fuel use altogether from the entire world economy.  Nothing less will do the job.

What has been agreed

UN COPs on climate change have increasingly diverged from the urgency and certainty of the science.

3. The Nitrogen Boundary
Where we are

The Haber-Bosch process of synthesising ammonia is, according to the Canadian Scholar Vaclav Smil, the 'single most important change affecting the world's population – its expansion from 1.6 billion people in 1990 to today's 6 billion – would not have been possible without the synthesis of ammonia' for  conversion to artificial fertilisers.

The only way to revert the nitrogen from ammonia back into N2 is by allowing certain microbes to do their stuff in the absence of oxygen.  Otherwise the nitrogen is oxidised to nitrous oxide (N2O) which is a greenhouse gas 300 times more powerful as CO2, nitrogen oxides (NOx), which cause toxic, low-level ozone smog, or nitric acid (H2NO3) in acid rain. Nitrogen run-off from agricultural lands stimulate blooms of algae and deplete water columns of oxygen.  This eutrophication has caused 400 dead zones in the world's oceans, amounting to 245,000 square kilometres, and area the size of the UK.

Where we are going

Increasing active nitrogen pollution is clearly bad for biodiversity and climate change.

What we need to do

The flow of human-fixed nitrogen should be reduced to slightly more than a third of its current value – from 100 million tonnes to 35 million tonnes per year.  

This will be extremely difficult to achieve while feeding an extra 3 billion people by 2050.  

We can try to do this by i. Synthesising less ammonia (e.g. from coal plants, car exhausts), ii. Creating conditions for microbial denitrification (preserve and recreate wetlands and flood meadows) and iii. reducing run-off and waste (e.g. provide modern sewage facilities to all – sewage treatment plants remove nitrates from waste water)

Lynas says that organic agriculture is less wasteful of nitrogen but would not feed the world while allowing enough land to preserve biodiversity.  He also suggests genetic modification of crops to more efficiently take up nitrogen.

4. The Land Use Boundary
Where we are

12% of land devoted to agriculture.

44,000 conservation areas cover 14 million square kilometres, that's nearly 10% of Earth's terrestrial area.  Not all are properly managed, though – more than 70% are affected by poaching, land invasion, logging etc.  Plus these reserves do not necessarily correlate with biodiversity hotspots.

44% of plants and 35% of animals are confined to 25 hotspots covering only 1.4% of the land surface of the Earth. So we can conserve nearly half the world's species by protecting less than 2% of the planet.  What a deal!

Only 7% of wildernesses are protected.

More than 40% of the US corn crop goes into producing ethanol for cars, supported by a $6 billion subsidy aimed at cutting greenhouse gas emissions.  There are similar schemes in Europe. 1.7 million hectares of Indonesian forest were converted to palm oil between 1990 and 2005, and the rate is increasing, a third of which is for biofuel.  But overwhelming evidence that using land to produce energy crops delivers no climate benefits at all.  Burning peatland rainforest to free up land for oil-palm releases 1,500 tonnes of carbon per hectare.

Energy-sprawl of power generation:

biofuels – 300-600 sq hectares per terawatt-hour of electricity

solar pv (on land) – 36 km2

gas 18 km2

solar thermal – 15 km2

coal – 10 km2

nuclear – 2 km2

Where we are going

Estimates of future land use for biofuels range up to well over a billion hectares globally.  That's more than double the 400 million hectares we have to play with.

Increasing population and increasing demand for meat and dairy means that world needs to double production within 40 years.

What we need to do

No more than 15% of the Earth's land surface (2000 million hectares) should be converted to crop land.  So we have only 400 million hectares to be brought into production.

Hold governments to their Nagoya targets as a bare minimum.  We must also seek to protect wildernesses.

Jules Pretty's 'sustainable intensification' - use the best of organic agriculture (better for nitrogen run-off, toxic impacts of pesticides, wildlife in situ) and intensification e.g. integrated pest management (encouraging natural predators), agro-forestry, aquaculture.

We need to pay for conservation in forests, wetlands, grasslands, tundra, deserts etc.  Mark suggests a half per cent VAT specifically for ecosystem and habitat restoration (rewilding) and preservation.  This would raise £2.6 billion annually to put in a global fund to protect ecosystems in developing nations.

Encourage urbanisation.

Biofuels derived from clearing rainforest must be banned immediately.

Surface transport must be entirely converted to electricity.

What has been agreed

The 2010 meeting of the Convention on Biological Diversity in Nagoya agreed that at least 17% of terrestrial and inland water areas to be managed ecologically by 2020, so that 'the rate of loss of all natural habitats, including forests' should be at least halved and 'where feasible brought close to zero.'

5. The Freshwater Boundary
Where we are

Worldwide 60% of the 227 largest rivers have been fragmented by 800,000 dams, blocking the natural flow of 10,000 cubic kilometres of water.

6,000 children die each day from diarrhoea linked to dirty water, 1 billion people lack access to clean water and 2.6 billion to proper sanitation.

Irrigated agriculture covers 275 million hectares and produces 40% of humanity's food.

Freshwater ecosystems harbour important biodiversity.  Covering only 1% of the planet, rivers, lakes and wetlands provide home for over a quarter of all known vertebrates – 126,000 species, and 2,600 aquatic plants.

Global extinction rate of freshwater species is five times higher than for terrestrial species, with 37% of assessed species threatened.

Human consumption of freshwater (used, evaporated, growing crops etc) is currently at 2,600 cubic kilometres per year.

What we need to do

Human consumption of freshwater (used, evaporated, growing crops etc) should not exceed 4,000 cubic kilometres per year.

6. The Toxics Boundary
Where we are

Situation in Western countries much improved over last few decades.  Rapidly industrialising countries are contaminating their population and environment.

What we need to do

The planetary boundary group did not propose a toxics boundary: 'a chemical pollution boundary may require setting a range of sub-boundaries based on the effects of many individual chemicals'.

Climate and toxics boundaries reinforce each other on the need to eliminate coal burning, a major source of mercury, a potent neurotoxin that accumulates in the food chain, and other pollutants.

What has been agreed

Stockholm Convention on Persistant Organic Pollution was adopted in 2001, banning the production and use of some of the most damaging endocrine-disrupting and long-lived chemical pollutants.  A Conference of the Parties to this agreement in May 2009 in Geneva listed 9 other chemicals for eventual elimination.  The REACH legislation, passed in 2007 requires safety-testing of all new chemicals.

7. The Aerosols Boundary
Where we are

Smoke, dust and other particles from human activity have the same combined effect as a constant medium-sized volcano.  We have changed the colour of the sky.

Aerosols can either reflect sunlight and cool the earth, or absorb it, and have a warming effect.  They can also act as nuclei for the formation of clouds, which, in turn, can either warm or cool.  Overall, however, aerosols cool the earth, on a short time scale, unlike CO2 which stays in the atmosphere for centuries.

Black carbon, or soot, is hugely warming – mass-for-mass a million times more warming than CO2, and 500 times more over a century.  There is therefore huge benefit opportunity in cleaning it up, for human respiratory health and climate change.  Two thirds of soot comes from the less efficient burning in developing countries, making them nearly as responsible for climate change as the developed world.

What we need to do

The planetary boundary group did not propose an aerosol boundary.

Black carbon could be reduced by up to ¾ by the following:

Clean diesel fuel and diesel particle filters on vehicles

Cleaner fuel on ships

Cleaner power stations

With fossil fuel phased out in the longer term.

Developing Asia switch from open fires to smoke-free cookers.

8. The Ocean Acidification Boundary
Where we are

We currently release 10 billion tonnes of carbon per year, making more than half a trillion tonnes to date.  85%, somewhere between 340 and 420 billion tonnes, has been absorbed by the oceans.  The pH of oceans is now 8.1, instead of 8.2 as it used to be – that’s a 30% rise in acidity.

Where we are going

As early as 2030 reefs could be in rapid and terminal decline.  The entire marine ecosystem is at risk.

What we need to do

Keep the aragonite saturation state at 80% of pre-industrial levels, which should be sufficient ‘to keep high-latitude surface waters above aragonite undersaturation and to ensure adequate conditions for most coral systems.’ Aragonite is the most soluble form of pure calcium carbonate, and the one that is used by reef-forming corals and other species to build their shells.  Aragonite saturation in pre-industrial oceans was 3.44 and has now fallen to 2.9, so we are currently at 85% of pre-industrial, so still on the safe side of it[image: image1].  Meeting this target requires humanity to respect the climate change boundary of reducing CO2 below 350ppm by becoming carbon neutral by 2050 and extracting CO2 from the atmosphere thereafter.

9. The Ozone Layer Boundary
Where we are

The signing of the Montreal Protocol in 1987 was humanity’s finest hour.  The governments took a leap of faith which led to a tipping point, which turned the whole dynamic of the ozone issue from one of stasis to one of rapid change. We went over the boundary for just 5 years, between 1992 and 1998.  We are now well within the ozone boundary, at around 3 to 4 % loss.

Where we are going

Ozone losses are expected to gradually improve until recovering to pre-1980 level sometime between 2060 and 2075

What we need to do

No more than 5% loss of stratospheric ozone compared to pre-1980. 

This is the only boundary which we are moving away from in the right direction.  Humanity must learn from this story and repeat the process with the others.  According to Lynas the tipping point towards action can only be crossed by politicians, and to do that the corporate lobbyists seeking to protect the status quo must be ignored in the wider interests of human society and the global environment.
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