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The report is very long. I don’t have the resources to comment on the whole report. My focus is on 

the stock vs flow distinction, mainly relevant to chapter 8. 

Much of the material is well-handled, but the report often obscures the main points that matter for 

climate change. The main point is that methane emissions closely approximate a flow pollutant, and 

CO2 (and N2O) are stock pollutants. This suggests different policy treatments, as discussed in any 

environmental economics text. You also rely far too heavily on a single source and a single 

perspective. This distorts the material. “Pers comm.” citations hould either abound or disappear – 

they shouldn’t be applied to favoured sources alone. Ways in which the report is distorted – very 

often you cite but do not draw on papers critical of the current GWP practice. One example: you 

mention Daniel et al as introducing the phrase “two basket” but actually the point of Daniel et al was 

to argue for why two baskets were better than one, but from reading the repot one would get the 

impression that all the paper did was introduce a phrase. Arguments against current practice are 

often missing in this way. Suggest you go through the references and make sure you are citing them 

in context, not just in support of a single perspective. 

In the following brief report I suggest some thoughts on stocks and flows within New Zealand’s 

climate policy, and suggest using GWP* as a way of setting emissions targets.  

I apologise for this material not being better organised. I would be happy to chat about it, if you are 

interested in any of it. 

  



Stocks and flows and greenhouse gases in New Zealand 
Dave Frame1 

 

Introduction 

The following note sets out different potential emissions sources, sinks and mitigation 
investments in terms of a “stocks and flows” distinction.  
 
Scientifically, very little of this paper is new, but it is the first attempt at a comprehensive 
description of how different potential mitigation investments fit within a “cumulative 
emissions” framework. The best (i.e. most scientifically accurate) way to compare gases 
within an emissions reduction or emissions target framework is via GWP*.2 
 
The intention of the note is to offer a coherent, geophysically-grounded lens which can 
assist with problem definition for New Zealand’s climate policy. Without a coherent lens, 
there is a risk of using a stock-flow distinction in some parts of climate policy without 
applying the distinction consistently, which may lead to unintended consequences, 
misallocation, and reputational loss.  
 
In terms of the first-order elements of climate mitigation policies, the matrix of possibilities 
for New Zealand can be represented as: 
 

Stocks Flows 

Domestic CO2 emissions  

 Domestic CH4 emissions 

International CO2 purchases International CO2 purchases 

Permanent forests Temporary forests 

 
Geophysically, we can in principle offset our stock CO2 emissions via the things in the left-
hand column, and we can in principle offset our flow GHG emissions via the things in the 
right-hand column.  All the things in the right-hand column are ways of temporarily 
addressing domestic climate obligations, but don't address the need to reduce domestic CO2 
emissions. They may be ways of meeting (in a given period) obligations to reduce CO2e 
emissions, or our radiative forcing perturbation to the climate. Dashed lines represent those 
elements that could be placed either in the stock box or the flow box, depending on norms, 
choices and other policy settings. 
 
Climate policy is, in the first instance, about reducing CO2 emissions to net zero. Permanent 
forest sinks are well-matched with this goal. International CO2 emissions reductions could 
be, if the international accounting system were able to digest these as permanently buying 
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down a country's emissions, such that the initialization of the next period would include 
those reductions, carried forward, instead of the domestic emissions inventory data.  
 
But in essence flow sinks/reductions buy off the political heat while we haven’t reduced CO2 
emissions sufficiently on their own to achieve our targets. As long as we emit significant net 
positive CO2 as a stock pollutant we will be expected to continue to reduce emissions.  
 

Motivation: why two baskets? 

As we have seen, methane is a flow pollutant and CO2 a stock pollutant. The difference is 
shown in the figure below: flow pollutant emissions do not persist, so emissions in period 
one, and the same emissions in period two lead to a constant amount of the pollutant in the 
atmosphere (or river, and so on). With stock pollutants, concentrations of the pollutant 
accumulate as emissions continue.  
 

 
Figure 1: Flow and stock pollutants over time. In the first period, one unit of each pollutant is emitted, leading to one 
unit of concentration. After each period, the flow pollutant decays, while the stock pollutant remains in the 
environment. 

The economic theory of pollution suggests different approaches for these. The marginal 
social cost of flow pollution is constant over time, because the next unit of pollution is just 
replacing the last, recently decayed unit. This justifies a constant price on flow pollutants. In 
the case of stock pollutants, the marginal social cost of pollution increases with constant 
emissions as concentrations of the pollutant rise. This justifies a rising price on stock 
pollutants. Conceptually, there is a difference to note between fossil methane and biogenic 
methane: the former contains both flow elements (while it is methane) and stock elements 
(since CH4 oxidises to CO2); the latter is, in essence, a flow pollutant since CO2→CH4→CO2 
via the cycle of photolysis, digestion, emission, oxidisation. In this case, no new CO2 is added 
to the atmosphere. For many parts of the world, “methane” refers predominantly to fossil 
methane from gas wells, while in many other parts of the world.  
 
It is a necessary condition of achieving the aims of the Paris Agreement to hold global 
temperatures to under 2°C more than pre-industrial levels that net CO2 emissions decline to 
zero.3 This is not the case with biogenic CH4 and other SLCPs.  To stabilise temperatures, 
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emissions of these species do not need to get to zero, but they do need to stablise.4  So 
biogenic CH4 emissions imply a flat social cost, and CO2 emissions a rising social cost. 
Therefore, the two should not be pegged.5  
 

Options for methane 

 
Biogenic methane is a flow pollutant, and fossil methane is not. Reducing biogenic methane 
can reduce our CO2e burden, and meet obligations, but from a physical point of view does 
not alter the centrality of reducing (net) CO2 emissions to zero as the main object of climate 
policy. 
 
We could address biogenic methane by pricing it according to a range of strategies. One way 
is to use separate treatments for stocks and flows. Other approaches based on a range of 
price-equivalence strategies are sketched in the appendix. 

Two instrument approaches 

1. Separate out CH4, plantation forestry, and create an exchange rate between the two 

based on the radiative effects of the two over 30 years.  

a. Pros: Avoids the use of an explicit metric but reflects the stock/flow nature of 

different pollutants/sinks. 

b. Cons: Will be challenged by those who have strong faith in allocative 

efficiency gains associated with multi-gas instruments. 

2. Sectoral targets, including a land-sector target which would imply xMt CH4 and –

yMtC sequestered through forests so that the net radiative effects of each sector 

were to drop by some specified percentage. 

a. Pros: Avoids the use of an explicit metric but reflects the stock/flow nature of 

different pollutants/sinks. 

b. Cons: Will be challenged by those who have strong faith in allocative 

efficiency gains associated with multi-gas instruments. Sets, rather than 

backs out, sectoral targets. Is this the role of government? 

It should be noted that anything other than a GWP100-based approach will require 

significant support from scientists abroad to show that the approach is scientifically 

reasonable, i.e. has environmental integrity. We need to be able to show that we are acting 

consistently with the best climate science, and meeting our existing obligations. 
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Options for forestry 

Forestry could be treated either through the stock instrument, or through the flow 
instrument, or in both, depending on the forest.  
 
A stock treatment of all forests could involve treating sinks as permanent, and then 
requiring the same price on emissions from forestry logging as would be incurred if the 
same quantity of CO2 were released from a fossil source. 
 
An alternative would be to treat permanent forests as stocks, and plantation forests as 
flows. A flow treatment of plantation forests could involve treating all sinks as temporary, 
whereby some payment is made for offsetting biogenic methane emissions. Permanent 
forests would be treated as stock sequestration. Potentially, this would place a lot of 
pressure on the regulatory scheme, and potentially on price mechanisms, too, since 
opportunities for arbitrage between the stock and flow instruments would be expected 
simply through naturally occurring volatility.  Arbitrage could be discouraged by the 
imposition of large fees6 for the conversion of forests from one type to another, especially 
for the conversion of “permanent” forests into plantations.  
 
Forestry can go in either column, because some forest carbon sequestration is permanent 
(permanent forests, as well as the flux of carbon from forests that is permanently retired 
into the soil) and some is temporary (that which is sequestered in one period and then 
released to the atmosphere following the felling of plantations and the processing of wood 
products). If we were to create two instruments, then we should try to understand the 
relative roles of permanent and the temporary sequestration of carbon in forestry. 

The role of international markets in mitigation 

Markets could be seen as stocks or flows. Buying permanent reductions overseas is a 
permanent reduction in CO2 emissions (grey shaded text). Geophysically, it is reducing stock 
emissions against a baseline, just as domestic stock emissions reductions are. From the 
perspective of developed country national mitigation, the question of which column to put 
this in depends on the international norm: if the international norm is constructed around 
getting domestic emissions of CO2 to zero, then these credits are, in effect, a flow, since 
they meet emissions reductions obligations in the period in which they are purchased, but 
they do not lower the future obligation to reduce domestic emissions. If the norm were that 
countries' emissions reductions outside their borders were permanently counted against 
their baseline emissions, then these would amount to CO2 emissions reductions at home. 
This would imply that future baselines consider not New Zealand's net or gross emissions, 
but our net or gross emissions minus the CO2 emissions reductions we have created 
elsewhere. Because (I think) the expectation most people have is that countries domestic 
emissions will continue to form the baseline, I have put international credits in the flow 
column. If the norm changes, then it should go in the stock column. Either norm is 
geophysically fine, as long as the accounting behind it is coherent and has environmental 
integrity. 
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The stopping point. 

In the very long term the world will need to have a conversation about what level of CH4 
emissions are sustainable in the context of climate policy. In effect, any fixed level of CH4 
emissions from non-fossil sources is compatible with “stabilisation”. But given that higher 
levels of CH4 result in higher warming, there will be pressure to reduce CH4 emissions from 
current levels both before and potentially after temperature stablilisation has been 
achieved. At the point where global CO2 emissions are net zero, it is difficult to see where 
policy should go next, but three choices seem possible: (1) stay there; (2) reduce CH4 (and 
other non-CO2) emissions; (3) make CO2 emissions negative. The politics of negative 
emissions may not resemble that of getting to zero emissions, because of the lack of an 
obvious focal point in the negative emissions case. 
 
Pressures for these approaches are likely to come from different sources. Countries which 
experience impacts that follow temperatures may be satisfied with temperature 
stabilisation, since adaptation to peak warming implies that there are few further changes 
to adapt to. Those who need to adapt to changes which scale with the integral of forcing or 
integrated temperature change (such as SLR, glacier changes, and potentially some 
ecosystem impacts) would be expected to argue for further mitigation. At this point forcing 
could be reduced by mitigating CH4 and other SLCP, or by drawing down atmospheric CO2. A 
stocks and flows interpretation of New Zealand’s inventory would allow us to tune our 
response at this point to the policies that emerge at that time.  

Appendix: Pricing methane options 

GWP100 options 

1. Put CH4 in the ETS at GWP100 (= 29, or latest IPCC estimate).  

a. Pros: This is probably the “default” way of going, given developed world 

practice, since this approach is used for fossil methane in the EU ETS. But 

since no one actually has agricultural emissions in their ETS, its status as 

“default” is unreflective and untested, as well as demonstrably scientifically 

suboptimal. 

b. Cons: Lots of cons.  GWP100 lacks strong physical justification as an exchange 

rate between the effects of CH4 vs CO2. Lack of precedent elsewhere, and 

other agricultural exporters are unlikely to follow this practice. If we do this, 

there’s a risk we will take on an onerous and isolated position, that may be 

costly to unpick. Andy Reisinger and Adolf Stroombergen showed that the 

worst outcome for NZ, in terms of GWP or GTP comparisions, is if we go GWP 

and no one else does anything (or settles on GTP). But this is, on current 

trajectories, also the most likely outcome.  

2. Put CH4 in the ETS at 29 (or latest IPCC estimate) with a transition phase, or with 

farmers only paying some fraction of their “obligation”. 

a. Pros: Precedent in terms of using GWP100; precedents in terms of partial 

obligations.  



b. Cons: Unhappy compromise, since it appears to imply that GWP100 is the 

“right” way to compare gases (which is not obviously the case) but then it 

implies that farmers aren’t paying their “full” share. So it leaves the 

implication that it’s a weak policy and that agriculture isn’t doing its bit. 

GTP100 options  

3. Put CH4 in the ETS at 5 (or latest IPCC estimate).  

a. Pros: About as much justification as GWP100. Approach could be popular 

with other agricultural exporters, such as Brazil and other Latin American 

countries. Politically feasible domestically. 

b. Cons: not what Europe would expect, and people from there have threatened 

to go after New Zealand if we innovate around metrics. There would have to 

be a clear scientific demonstration that our intentions/INDCs remain at least 

as stringent as they currently are. 



GWP* options 

4. Flat option: Farmer has emitted the blue line in figure 1. The counterfactual is the 

purple line, along which he does not add to climate change. If he moves to the 

orange line, he receives a payout because he has lowered warming. The 

payout/charge a farmer receives in a given calendar year would be proportional to 

the emission changes across the preceding N years – whereby each of these previous 

individual years would be considered in isolation, treated as an instantaneous 

change in emissions under GWP*, followed by a constant emissions profile 

thereafter. The charge/payout for each of these discrete years would be then 

multiplied by 1/N, before the sum is taken across N years.  

 

Figure 2: The Flat Option.  

5. So if a dairy farmer sold off his herd overnight, the payout of this would be spread 

evenly over a period of N years.  The implications of the fact that the last 20 years of 

methane emissions have not been flat. If, in a hypothetical scenario, if there was a 

change to a GWP* framework for emissions trading, then the preceding 20 (or so) 

years of emissions might suddenly become relevant.  Though, as a corollary to the 

suggestion I’ve made above, a GWP*-based system could actually be phased in from 

today, with the first twenty years of the new system just taking into consideration 

only those X years since 2017. 

a. Pros: Reflects fact that stable methane emissions do not warm the climate. 

b. Cons: Pays farmers for reducing pollution; which is a different approach to 

that taken elsewhere/within ETS. Seems overly generous to farmers, and has 

very strong grandparenting allocation 

 



6. Rampdown option. Farmer has emitted the blue line in figure 1. The counterfactual 

is the purple line, along which he does not add to climate change. If he moves to the 

orange line, he receives a payout because he has lowered warming. But, policy 

specifies that methane emissions are expected to reduce over time, so the blue line 

points downwards. Farmers are penalised if they reduce at slower than that rate, 

rewarded if they go faster than that rate. Payout/fine depends on the progress of 

the orange line against the purple line.  

 

 

Figure 3: The rampdown option. 

a.  Pros: reflects stocks vs flows distinction used immediately above. Probably 

more financially sustainable and less vulnerable to the claim that farmers are 

claiming pollution rights in perpetuity, while others do not have those rights. 

Allows for methane reductions to be part of policy expectations. 

b. Cons: Not many. 

 

  



New Zealand’s emissions under GWP* 
New Zealand has a relatively high proportion of methane in its greenhouse gas inventory, 

particularly from agricultural emissions. In 2016, the NZ inventory reports similar levels of gross CO2 

(34,463 kt CO2e) and CH4 (33,685 kt CO2e) emissions. This is entirely dependent on the metric used 

to calculate equivalence (GWP100), and so mitigation plans based on these figures are completely 

reliant on the integrity of GWP100. 

The figure below shows NZ emissions from the EDGAR database. CO2 is shown by the dashed black 

line. Solid lines show CO2e emissions of CO2 and CH4, based on different metrics. Both GTP100 and 

GWP* gives substantially less weight to methane. As GTP100 is 7 times lower than GWP100, there is 

7 times less CO2e of methane to reduce if using this metric. GWP*, which this paper demonstrates 

to represent the temperature response to methane more accurately, is closer to GTP100 than 

GWP100 in this case. As GWP* estimates a gas’s impact based on how its emission rate is changing 

over a 20 year period, the GWP* series starts 20 years after the EDGAR database starts.  

 

 

 

 

 

 

 

 

 

 



New Zealand has an NDC to reduce all emissions to 30% below the 2005 levels by 2030. This is based 

on using GWP100. The table shows how the totals would differ if GWP* were used instead of 

GWP100. If the whole 30% reduction were achieved by CO2, this would mean a 62% cut in CO2 

emissions using GWP100, or a 33% cut using GWP*. If it were achieved by reducing only CH4, this 

would mean a reduction of 59% for GWP100 or over 100% for GWP*.  

 2005 30% reduction 

CO2 (MtCO2/year) 37.1 GWP100: 23.0 (-62%). GWP*: 12.2 (-33%) 

CH4 (MtCH4/year) 1.4 GWP100: 0.8 (-59%). GWP*: 1.5 (-101%) 

CH4 (MtCO2e-
GWP100/year) 

39.6  

CH4 (MtCO2e*-
GWP*/year) 

3.5  

Total (MtCO2e-
GWP100/year) 

76.7 23.0 

Total (MtCO2e*-
GWP*/year) 

40.6 12.2 

 

The numbers in blue-green colours are the ones we should use to create a carbon budget. We use 

the blue-green numbers to set our 2005 baseline.  

Here is a very rough sketch. Emissions of CH4, denominated in GWP*, are on the vertical axis, and 
emissions of CO2 are on the horizontal. The dark blue line is a possible set of 2005 emissions that 
would be GWP* equivalent. We are at the aqua dot on the line, at the bottom right. 
 



We have pledged to reduce emissions by 30% on 2005 by 2030. This amounts to moving to the 
green line. We could either get there by doing it all with CO2 (the horizontal dashed line) or by doing 
some using CH4. In theory we could do it all using CH4 (vertical dashed line), which would involve 
significant CH4 emissions reductions, and no CO2 reductions. This would leave us more to do in the 
next period. (This option should be the one that makes environmentalists squeal, since it would fall 
into the trap Ray Pierrehumbert7 talks about of leaving behind an irreversibly warmer world than we 
need to by focusing on the wrong bit.) 
 
[If we then set a net zero warming target for 2050, we would need to get to the orange circle on the 
axis (ignoring second order effects for now). If we wanted to offset some of our previous warming, 
or to have cooling in the final period, we could be at the orange cross, in which case we would have 
reduced CH4 emissions as well as eliminating CO2 emissions. Again, going above and beyond what 
Paris demands ought to be something future New Zealanders decide; but it would be quite 
consistent with a sensible, practical GWP*-based approach, in my view.]  
 
Anyway - assume sectoral fairness dictates that everyone has to do some mitigation. Then we move 
mainly on CO2 but also on CH4, and arrive at the interior curve as intended. If we reduced our CH4* 
emissions to zero, and our CO2 emissions such that we get to the horizontal axis, then we would be 
at the aqua point where the horizontal axis intersects the green line.  That would be one way of 
using GWP* in fulfilment of our NDC.  My point is that GWP* gives a way of creating a scientifically 
defensible mix of emissions reductions targets for CH4 and CO2, and it needn't necessarily involve 
corner solutions. Exactly where we land on the green curve ought to be the result of domestic 
political and social negotiations between sectors.  
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In terms of farmers getting credit for emissions reductions: that depends on (the allocation bit 
of) policy design. The government could, via a process like the one above, specify a rate at which 
CH4 emissions need to reduce to complement the CO2 reductions at the heart of our climate policy. 
That's a legitimate conversation regarding sectoral fairness in climate policy. Then the government 
could tax farmers if they have not reduced at that required rate, and reward them if they have 
exceeded it, and leave them alone if they have simply reduced emissions in line with it. There are 
other ways it could work in practice, but I don't see why that is in principle unworkable or unwieldy 
or too complex or whatever. Farmers already deal with numerous regulatory (/etc) obligations. This 
would be one more.   
 
Businesses deal with a great many regulations and obligations already. They pay several flavours of 
tax/surcharges/prices. They need to avoid multiple sorts of pollution, and to ensure (multi-
dimensional) health and safety outcomes. I don't think the development of policies around this 
approach would be at all onerous, and doing so would have the advantage of superior 
environmental integrity and fairness on an issue that matters to New Zealand. 
 

 

 

 

 

 

 

 


