Climate Emergency Basics
14 Things Everyone Should Know about Climate Change
From the book “There is No Planet B” by Mike Berners-Lee

POINT 1: A GLOBAL TEMPERATURE RISE OF 2°C (35.6°F) LOOKS VERY RISKY BUT 1.5°C (34.7°F) MUCH LESS SO
In truth, no one really knows how bad the consequences of any particular temperature rise might be.  We don’t have a good understanding of the various potential tipping points that we might trigger in the environmental system, nor how successful humans might be in dealing with them.  The uncomfortable truth is that when we meddle with the climate, we play with stuff that we don’t really understand and which can’t be put straight if we mess up.  Even 1.5°C might be enough to trigger some dramatic change in the climatic conditions, such as an unstoppable flow of methane boiling out of melting permafrost or a collapse of the ocean ecosystem.  On the other hand, it is also just about conceivable, although very unlikely, that 3°C (37.4°F) might not be too bad to live with.  Most climate scientists are confident that 4°C (39.2°F) would have very nasty consequences for humanity.

There is widespread scientific agreement, endorsed by just about every country, that a temperature rise of 2°C would be very dangerous and to keep to a comfortable level of risk, we should cut emissions so as to limit temperature change to just 1.5°C.  Much climate modeling assumes that the temperature change is roughly in proportion to emissions.  But it is not at all clear that this will be the case.  It is also very possible, perhaps even likely, that at some point we trigger “positive feedback mechanisms”; vicious circles in which temperature change causes things to happen that in turn trigger more temperature change.  This would be likely to provoke a step change in the climate that would probably be unstoppable by human activity.  A recent and credible paper looked at five of these positive feedbacks and estimated that the trigger point for a step change could well occur at around 2°C.

As I write this, at +1.1°C and rising, we are seeing unprecedented climate change induced wildfires in Australia adding around 1% to global emissions, and thousands of craters up to 50 meters (~165 feet) across where methane has exploded out of the permafrost.


POINT 2: AS LONG AS WE DON’T TRIGGER A STEP CHANGE IN THE CLIMATE, TEMPERATURE RISE CORRESPONDS ROUGHLY WITH THE TOTAL AMOUNT OF CARBON WE HAVE EVER BURNED
In other words, it is the cumulative emissions that matter most.  Any amount of temperature rise will be determined, roughly speaking, by an all-time carbon budget.  Nobody knows exactly how much carbon results in an exact temperature change, and therefore exactly what those budgets are, but thanks to some highly sophisticated climate modeling, we have quite good ballpark estimates.  In fact, the link between carbon emissions and climate change turns out to be at least as predictable as many of the standard economic forecasts that politicians take very seriously, such as GDP growth or unemployment rates.

This cumulative budget method of thinking is very useful, but is only an approximation.  Other greenhouse gasses, such as methane, also have an impact and very importantly affect the speed with which the global temperature rises.  All the carbon budget estimates relate only to carbon dioxide (CO2) and are based on background assumptions about what will be happening with the other greenhouse gasses.  


POINT 3: EMISSIONS OF CARBON DIOXIDE, THE MOST IMPORTANT GREENHOUSE GAS, HAVE GROWN EXPONENTIALLY FOR 160 YEARS[image: ]
When I say “exponential”, I don’t just mean any old banana-shaped graph.  The carbon curve has always had an uncannily steady long-term annual growth rate of 1.8%, which means emissions have been doubling every 39 years.  It really is exponential in the mathematical sense of the word.  Why this is so interesting is because a property of exponential curves is that when they double, they do so in many different ways at the same time.  In particular, when the height doubles, in this case representing annual carbon emissions), the steepness also doubles (in this case representing the annual growth in carbon emissions) and the area underneath the curve doubles (representing the sum total of all previous carbon emissions - known as the cumulative emissions).  So, for our carbon curve, annual emissions, annual growth in emissions and the sum of all the emissions we have ever produced have all been doubling, more or less like clockwork, every 39 years.


POINT 4: WE HAVE NOT YET DENTED THAT CARBON CURVE
Some people got quite excited about three recent years of flatlining emissions between 2014 and 2016.  Sadly, there was little statistical significance in this.  In other words, the slight dip below the 1.8% growth trend line was well within the usual noise.  Remember that over the years there have been plenty of times when the carbon has dipped for a while before flying up above the trend line again.  So, these flat years were entirely consistent with business as usual, even though, looking on the bright side, it was also true to say that they looked consistent with us having taken the first steps towards taming carbon emissions.  They didn’t tell us much either way.

Then 2017’s emissions jumped 2% higher, putting to bed any grounds for optimistic over-interpretation of the previous three years.  In 2018 emissions rose by 1.1% and in 2019 by “just” 0.6%.  This is not strong evidence of a trend.  There is still little or no basis for the claim that humans have yet dented the curve.  Actions to date have resulted in zero or almost zero agency.  Stark but true.  And if we want the situation to be otherwise, we’d better face it.




POINT 5: AT THE CURRENT RATE OF CARBON EMISSIONS THE REMAINING VIABLE CARBON BUDGET FOR BOTH 1.5°C AND 2°C IS DWINDLING QUICKLY - DESPITE SOME RECENT GOOD NEWS FROM THE CARBON MODELERS
In a rare piece of good news from the climate science community, in 2017 a re-running of the climate models using more up-to-date data estimated a little bit more carbon in the budget for both 1.5°Cand 2°C than had been thought.  Don’t relax though, because all this means is that it now looks as if rather than being on track to overshoot our budget for 1.5°C in 2022, at today’s emissions levels, we might still have a 66% chance  of not doing so until somewhere between 2030 and 2040.  Some of my colleagues think this is a trivial difference, but I think we should take good news wherever we can find it.  It is significant enough to make the 1.5°C ambition look a little less far out of reach.  Just to be clear, there is no room whatsoever for complacency. 

Very roughly, 2.2 trillion tons of CO2 is now thought to raise the global temperature by about 1°C, whereas we used to think it was more like 1.8 trillion tons per degree.  On the more sobering side, a continuation of the traditional doubling of cumulative carbon every 39 years would mean that 4°C would be only 39 years behind the 2°C threshold and 8°C only a further 39 years behind that.


POINT 6: IT TAKES A LONG TIME TO PUT THE BRAKES ON
Steering climate is not like steering a race car.  It is no good waiting until we start getting nasty weather before taking action, because our climate reacts like an oil tanker.  To get the point, imagine if everyone in the world decided right now that we had to put the brakes on climate change as fast as we could.  We would first need to make a plan and then start implementing it before emissions would even start to fall.  During these phases, we’d still be making things worse, and every day committing ourselves to yet more temperature change.  Even once we reached zero emissions, we would have to wait further, with our fingers crossed as to the severity of the symptoms we encountered, while the temperature carried on rising for a while.  Because the world’s ice will continue melting long after the temperature begins its long journey back towards pre-industrial levels.  If we succeed in developing the technology to take carbon out of the atmosphere, we might then stabilize temperatures quite quickly and even hope to nudge them down again, but without this, we would still have a few more decades of further rise before equilibrium were reached.

The captain of an oil tanker thinks a long way ahead when considering a change of course, but as a species, we are not yet good enough at doing that.  This is one of the most serious skill deficits for humanity in the current age: the poor capacity for planning ahead.


POINT 7: ALL THE FUEL THAT GETS DUG UP GETS BURNED, SO IT HAS TO STAY IN THE GROUND INSTEAD
Amazing that such an obvious point has taken the political world so long to start getting its head around - and it isn’t there yet.  Once fuel leaves the ground, it all gets burned to meet a consumer need.  The carbon footprint of extracted fuel is just about equal to the carbon footprint of burned fuels and the carbon footprint of all consumer goods and services.  It works like three cars of a train coupled together.  They push and pull each other along, ensuring that they all travel at the same speed.  Either we slow them all down or nothing will happen.  (The only real exception to this is a trivial proportion of extracted oil which goes into making plastic, however, adding to the already vast amount that is clogging up our planet.)


POINT 8: MANY OF THE THINGS WE MIGHT ASSUME WILL HELP HAVEN’T
The “balloon squeezing” or, to give it its proper name, “rebound” effect describes the unfortunate tendency of savings in one place, only to get counteracted by adjustments elsewhere in the system.  A great many people who think they understand about rebound effects still vastly underestimate their true significance.  The reason for this is that you can’t fully quantify rebound effects by adding them up one by one because they work by sending ripples through the whole economy.  There is actually an infinite number of potential rebound pathways.  As an example, just to give a sense of how it works, if you buy a more efficient car, here are just some ways in which the carbon savings might get lost; you might drive further, you probably spend any money you save on other things that have a carbon footprint, the gas stations adjust their prices slightly and sell more to others, car manufacturers adjust their marketing pitch to sell their higher carbon cars to others, the oil industry adjusts its sales and marketing pitch towards other people and other countries, you become more likely to live further from the city on a larger property that requires more heating, your increased mileage increases the requirement for road maintenance… and so on.  You can’t possibly list every one of these effects, let alone quantify each one.  Attempts to do so are doomed to underestimate the total rebound phenomenon.  However, we can perhaps do better if we stand back and look at things at the global system level.  In fact, the resolutely exponential nature of both the carbon and energy curves (1.8% and 2.4% growth per year, respectively) mean that we can say that overall carbon and energy rebound effects of all the world’s efficiency gains combined have been 101.8% and 102.4%.  Now it is suddenly clear why it might be that we use more energy than ever before, not just despite all the efficiency improvements we have had over the years but perhaps even because of them.

Just before you go ripping out all of your double glazed windows and deflating your tires, note that none of this means that efficiency gains cannot be useful in the future.  But it does tell us that efficiency needs to be coupled with a constraint on total resource use.  Unless we bank the savings, they turn into productivity increases.


POINT 9: THE WORLD NEEDS TO USE LESS ENERGY
Even growing our renewables to the size of today’s global energy supply will do us no good whatsoever if we stay on today’s energy growth trajectory.  To give renewables a chance of replacing rather than supplementing fossil fuels, the world needs to use less energy.

We humans have always wanted more energy than we have got.  Since the pyramids were built with human slave power, we have always been hungry for more energy.  New technologies and efficiency gains have enabled us to increase the supply more or less continuously.  If this process continues, we might still expect an explosion in renewables to bring about a significant temporary dent in our appetite for more energy, and to reduce our hunger for fossil fuels somewhat during a period in which we might feel relatively awash with energy.  But this will not be anything like enough to keep the fuel in the ground.  Renewables can make it easier for us to stop using coal, oil and gas, but they will not make it happen on their own.


POINT 10: WE URGENTLY NEED A WORKING GLOBAL AGREEMENT TO LEAVE THE FUEL IN THE GROUND
Piecemeal actions by individuals, companies and countries won’t cut the carbon emissions on their own because of rebound effects.  The easiest place to put the brakes on is at the point of extraction.  However challenging this might be it is still the easiest way.  Constraining carbon at the point of emissions is also a possible route, but it is harder to monitor, and provides a lot more possibilities for the balloon to expand in the places that we fail to squeeze.


POINT 11: WE NEED TO MANAGE OTHER GASSES TOO
As if the carbon challenge wasn’t tough enough on its own, the other greenhouse gasses are important enough that we won’t solve climate change unless we deal with them too.  In particular we need to deal with methane and nitrogen dioxide.  This means we need to look at what we eat and how we farm it.  Less animal production, especially less ruminant animals (e.g. cows and sheep).  More sensible use of fertilizers.  Cut emissions from landfills through creating less landfills and better landfill sites.

To give an idea of how important other gasses are, the latest modeling results suggest that the difference between strong action on non-CO2 gasses and less strong action would be to add about 40 gigatons of carbon to the remaining budget for 1.5°C.  That is around four years’ worth of today’s CO2 emissions.  Remember that all the carbon budgets are based on assumptions about levels of action on the other gasses as well.

In numerical terms you could think of non-carbon emissions as being something like one quarter of the climate change problem, but in a way that is misleading because we can’t deal with the climate emergency without sorting them out as well.  They are the poor forgotten relations to carbon, but too influential to be ignored.

In fact the story with the other greenhouse gasses is a bit more complicated because they act differently to CO2.  CO2 stays in the atmosphere, warming the planet for many hundreds of years.  Methane has a much more powerful effect but a much shorter life.  If you are interested in the temperature change in 100 years’ time, 1 kilogram of methane has the same impact as about 25 kilograms of CO2, and this has led to a widely adopted convention that 1 kg of methane can be considered equivalent to 25 kg of CO2.  However, if, as might well be the case, you are interested in the temperature we might reach just 50 years from now, then you have to consider methane to be twice as powerful a greenhouse gas as we usually think of it as.  Then again, if you only care about the final temperature we might end up at in a few hundred years’ time, then you could more or less discount the methane entirely.



POINT 12: EXTRACTING AND BURNING FOSSIL FUEL HAS TO BECOME TOO EXPENSIVE, ILLEGAL OR BOTH
The easiest way of making it too expensive is to have a carbon price (and it will need to be a big one; a few hundred dollars per ton quite soon).  People who say this is too difficult to achieve fail to put forward equally effective solutions that would be effective enough.  At least with a global carbon price, all the difficulties are up front.  Once it is in place and backed by adequate enforcement mechanisms, the hardest part might be over.


POINT 13: THE GLOBAL DEAL WILL NEED TO WORK FOR EVERYONE
Everyone has to be on one side, because just a few weak links will break the whole thing down.  This makes it an incredibly challenging deal to bring about.  But the difficulty does not make it any less essential.  

At the moment it is very tempting for politicians in many countries to take the view that it is not in their countries’ interests for the world to get on top of the climate emergency.  Some countries will have to let go of assets while others will find that their abundance of renewable energy resources will give them an advantage in the low carbon world.  Meanwhile, the threats from climate change will hit some hard early on while others experience benefits in the short term.  While the Maldives sinks and Bangladesh floods, Russia is likely to find its crop yields going up at first, its ports becoming ice free for 12 months of the year instead of eight, and yet more of its fossil energy reserves becoming accessible.  In poorer countries a carbon constraint could impact wellbeing more seriously than in richer places where the link between energy and happiness has probably already been broken in the same way that the link between wellbeing and GDP has been shown to break down.

A global deal is going to be challenging to reach because it requires both understanding of the different implications for each country and a sense of international fair play that the world has never yet known.  The difficulties do not change the reality that we must have that deal.


POINT 14: WE NEED TO TAKE CARBON BACK OUT OF THE ATMOSPHERE
Our ability to apply the brakes is so poor, and the need so urgent that it is clear we will need a reverse gear.  I’m not just talking about taking carbon out of factory chimneys.  What I mean is that we need to develop ways of taking it out of the air that we breathe - direct air capture (DAC).  We don’t quite know how to do it on the required scale yet, but it looks likely that serious investment would sort that out too.  Even with improved technology, it will always be costly to do, but a carbon price can sort out that problem.  At the moment, Climeworks has a plant in Iceland which is capturing a tiny 50 tons per year, at a cost of around $1,000 per ton.  They think they can slash this to about one fifth of the price as they scale up.  Meanwhile, Carbon Engineering in the USA claims that $100 per ton would be feasible at scale.

Finally, on this point, do not fall into the trap, or allow others to do so, of thinking even for a second that carbon scrubbing might mean we don’t need to be so concerned about cutting emissions.
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