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You have probably heard a lot of talks about 

climate change 

 Most of the talks that I hear argue that: 

– The problem is worse than we thought 

– The solution is easier than we thought 

– Problem and solution are very complicated and uncertain 

– It is all our fault, and we must be obliged to mend our ways. 

 This talk will argue that: 

– The problem is neither worse nor milder than we thought 

– The solution is harder, but simpler, than we thought 

– Problem and solution are ultimately very simple 

– Carbon taxes or emission curbs targeting consumer 

behaviour are irrelevant: the solution lies elsewhere. 

 

 





Why I would argue the problem is not “worse 

than we thought 15 years ago” 
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Why the solution is hard but simple:  

The trillionth tonne of carbon 

 Generate idealised CO2 
emission scenarios varying: 

– Initial rate of exponential 
growth 

– Year in which growth begins 
to slow  

– Rate of turnaround. 

– Maximum rate of decline. 

 Simulate response using 
simple coupled climate 
carbon-cycle models. 

 Identify properties of 
emission scenarios that 
determine peak warming. 

 



Cumulative emissions of carbon dioxide are the 

principal determinant of dangerous climate change 

From Allen et al, Nature, 2009 

& Meinshausen et al, Nature, 2009 



The challenge 

 The risk of dangerous climate change is principally 

driven by cumulative emissions of carbon dioxide. 

 If we want to limit warming to 2oC, we need to limit 

the total stock of carbon released to about one 

trillion tonnes. 

 Over the past 250 years, we have released about 0.5 

trillion tonnes, and are set to release the trillionth 

tonne shortly after 2040. 

 Reducing the rate of flow of carbon into the 

atmosphere doesn’t help unless it is a means of 

limiting the total stock. 



Can we “buy time” by acting on short-lived 

climate forcing agents (SLCFs)? 

 “near-term emission 

control measures (on 

methane and soot), 

together with measures 

to reduce CO2 

emissions, would 

greatly improve the 

chances of keeping 

Earth’s temperature 

increase to less than 

2˚C.” (UNEP report & 

Shindell et al, 2012) 

 



No: SLCF measures only make a difference 

when CO2 emissions are already falling 

Rate of change of CO2 emissions (%/year) 



Simple expressions for the “Absolute Social 

Cost of Emissions” 

dF

dt
= aE - kFF

dT

dt
= bF - kTT

D = cT

 Shine (2005) model. 

 Forcing F is a linear 

response to emissions 

E with decay rate kF. 

 Temperature T is linear 

response to forcing F 

with decay rate kT. 

 Marginal impact D ($/yr) 

linear in T (see end for 

polynomial requested 

by Suzy Kerr). 

 Exponential discount 

rate kD. 

 

 



What is the optimal level of emission of a given 

greenhouse gas, and how much warming would 

this cause? 

 Assume constant 

fractional marginal cost 

of abatement, m. 

 Eopt is rate of emission 

at which absolute 

marginal cost of 

abatement = ASCE. 

 Topt is resulting steady-

state warming. 

 Topt is infinite if kD ≠ 0 

and kF = 0 (infinite 

lifetime of CO2).  

ASCE =
abc

(kF + kD )(kT + kD )

=
m

Eopt

Topt =
m(kF + kD )(kT + kD )

ckFkT



What is the “optimal” level of emission for a 

polynomial damage function? 

Use D = d
T
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 We still get infinite warming Topt with a non-zero 

discount rate (kD ≠ 0) with quadratic damages. 

 Higher (still integer) values of γ give γ+1 terms in the 

square brackets – too complicated to be useful but  

 ASCE is still finite for an infinite-lifetime gas (kF = 0) 

provided kD ≠ 0. 

 So Topt remains infinite provided kD ≠ 0.  

 Note that Eopt and Topt decrease for γ>1 if a unit pulse 

emission gives more warming than T0 – more 

damage per unit warming gives lower optimal 

warming. 

What is the “optimal” level of emission for a 

polynomial damage function? 



The problem with the Kyoto/Copenhagen short-

term emission budget approach 

 No purely “scientific case” 

that emissions drop by X% by 

20YY: emission rates do not 

determine peak warming. 

 Cheapest technologies for 

getting emissions down in the 

short term may crowd out 

technologies, like carbon 

capture and storage, that are 

required to limit cumulative 

emissions. 

Kyoto and Wallace’s Technotrousers: 

Prins & Rayner, 2008 



How to save the Kyoto Protocol 

 Kyoto is well designed as a mechanism for 

controlling the flow of greenhouse gases into the 

atmosphere. 

 It is not well-suited to stock gases like CO2 and N2O. 

 Solution:  

– remove CO2 and N2O from the Kyoto Protocol. 

– Include other short-lived climate forcing agents. 

– Make the policy target that the net impact of non-CO2 

forcing remains close to zero. 

– So if China wants to reduce their (cooling) aerosol 

emissions, they have to pay NZ farmers to reduce methane. 

 



So what to do about CO2? The WBGU proposal: 

2010-2050 budget for per capita emissions 



The WBGU proposal with several trillion dollars 

of emissions trading 



Why this won’t work: trillion-euro transfers from 

well-governed countries to… 

Frame and Hepburn, 2010 



Conventional and unconventional reserves 

The problem, in a nutshell: How fossil fuel 

reserves relate to atmospheric capacity 

Past emissions Conventional oil and gas Conventional oil, gas and coal 



The last time we found an apparently 

inexhaustible source of high-density energy… 



How can we prevent people from using fossil 

fuels? 

 We can’t. The supply of economically viable fossil 

energy is essentially limitless (~10x the amount we 

can safely release into the atmosphere). 

 So the risk of dangerous CO2-induced climate 

change is determined by whether the net 

sequestered fraction reaches 100% before we 

release the trillionth tonne (or whatever cumulative 

limit is eventually decided upon). 

 This does not mean all CO2 is captured, but any 

remaining emissions must be offset by air capture. 

 



Climate Mitigation with No New Taxes:  

SAFE carbon 

 Sequestered Adequate Fraction of Extracted (SAFE) 

carbon: carbon from a supply that ensures we never 

exceed the atmospheric capacity. 

 So, what is an “Adequate Fraction”? 

– S = net carbon sequestered / carbon extracted 

– In the very long term, S→100%. 

– At present, S=0%. 

 Simplest option: specify S=C/C0: 

– C = Cumulative emissions from the time policy is adopted. 

– C0= Atmospheric capacity at the time policy is adopted. 

 If all carbon sources were SAFE, we would never 

exceed the atmospheric capacity. 



What SAFE carbon means in practice: 

connecting A to B 

A 

B 



Anchoring S to cumulative emissions decouples 

consumption from mitigation policy 

 

 

 

 

 

 

 A1: medium population, high growth, fossil fuels dominant. 

 S tied to cumulative emissions, not time. 

 S rises automatically to give the same emissions independent 

of fossil fuel consumption. 

 Meeting 2oC target requires >10GtC/year sequestered by 2050. 

 



Anchoring S to cumulative emissions decouples 

consumption from mitigation policy 

 

 

 

 

 

 

 IEA-BLUE: all technologies, emissions of 3.8GtC/year by 2050. 

 S tied to cumulative emissions, not time. 

 S rises automatically to give the same emissions independent 

of fossil fuel consumption. 

 SAFE policy gives same sequestration rate as BLUE scenario 

in 2050 (3.3GtC/year, or 45% of consumption). 

 



Dealing with uncertainty in the climate response 



Adjust target based on expected/observed 

warming 2000-2020 



So what is the difference between SAFE carbon 

and the IEA BLUE scenario? 

 Political:  

– “you must sequester C/C0% of the carbon you sell.” 

– “you may emit X GtC in 2020.” 

 Risk:  

– If we plan to sequester X GtC in 2020, risk is borne by 

taxpayers if that quantity turns out to be wrong. 

– If we mandate use of SAFE carbon, risk is borne by 

investors in the fossil fuel industry. 

 Fiscal: 

– SAFE carbon provides no new government revenue stream. 



The usual objections 

 You are putting all your eggs in the CCS basket. 

– SAFE carbon will cost more than regular carbon: much will 

have to change in energy markets over the next 50 years. 

 The reservoirs will leak. 

– Some will – so we need an international certification regime, 

and agreement on long-term liability to re-bury leaking CO2. 

 There won’t be enough sequestration capacity. 

– Enough for what? It all depends on what our grandchildren 

are prepared to pay for fossil energy. Remember peak oil. 

 This will undermine support for green taxes. 

– So what? One policy, one outcome, no new taxes… 

 



And there’s another difference 

 If we anchor sequestered fraction to attributable 

warming, everyone can support the policy. 

“It’s worse than we thought”  

“Global warming stopped in 1998” 



How do we persuade fossil fuel producers to 

start selling SAFE carbon? 

 We could just demand it: all production and imports 

of fossil carbon must be certified SAFE by 2020. 

 Cost of fossil fuel to consumers would rise, but by 

less than the taxes you already pay on petrol  

– 48NZc/litre = US$160/tCO2. 

– Full CCS capture and geological storage ≈ US$100/tCO2 

 You could require imported goods should be made 

with SAFE carbon (perfectly legal under WTO). 

 And ultimately, we could hold anyone who refuses to 

use SAFE carbon liable for the climatic impact of the 

carbon they sell. 



If you release fossil carbon into the Gulf of Mexico, 

you are liable for compensation and clean-up 



But if you release it into the atmosphere, you 

aren’t. Why not? 



Who stands to win from a SAFE carbon regime? 

Geographical location of sequestration capacity 

 

Storage prospectivity 

Highly prospective 

sedimentary basins 

Prospective sedimentary 

basins 
Non-prospective sedimentary 

basins, metamorphic and 

igneous rock 

Data quality and availability 

vary among regions  



So New Zealand could… 

 Decide you aren’t going to contribute to dangerous 

climate change… 

 …by only using SAFE carbon. 

 Replace the Huntley Power station with a CCS plant. 

 Offer to sell sequestration certificates to fossil fuel 

companies as a condition of import.  

 Drop all irrelevant climate taxes and permit schemes. 

 Start to build the evidence base for the mother of all 

liability actions against anyone who fails to join in. 



Thank you 

And thanks to David Frame, Niel 

Bowerman, Bob Hahn, Jon Gibbins & 

many, many others 



Impact of varying total cumulative emissions 
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Impact of varying transition fraction 
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