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Summary
This essay investigates the proposal that methane, because it is a short-lived greenhouse gas should be merely stabilized at a lower level than present, while Carbon Dioxide, because it stays in the atmosphere for centuries, needs to be reduced to zero by 2050. Recent publications such as the consultation document on the Zero-Carbon Bill, The Low-Emissions Economy by the Productivity Commission and New Zealand’s Methane Emissions from Livestock by the Commissioner for the Environment have all focused on this issue, but only the last has modelled actual reductions and their effects.
My research has revealed:
That compared to methane, our net CO2 emissions are very low and had been negative until 1999, only rising because of a big increase in road transport and a collapse in the forest sink, both of which unfortunately, show no signs of stopping.
New Zealand’s methane emissions have been stabilized for the last 26 years since 1990, with rising dairy emissions replacing falling sheep emissions. But these emissions are at too high a level.
The target of zero net emissions by 2050 is inadequate because it only names a level of emissions in a specified year, without accounting for all the accumulated warming that will take place between 2019 and then.
How methane is measured relative to CO2 is a conflicted area, so I have developed a new measurement method called ‘real time’ which I have used to track New Zealand emissions for 100 years from 1950 to 2050. While this metric might be scientifically naïve compared with say Andy Reisinger’s excellent The contribution of methane emissions from New Zealand’s livestock (2018), it is straightforward for the public to understand. Two scenarios are modelled – one with steady emissions from 2016 onwards and the other with a 3% year on year reduction in both methane and CO2 from 2019 onwards and the sink remaining at the 2016 level of 22.7 Mtns. This represents a 62.5% reduction in both gases by 2050
The second scenario leads to negative net CO2 emissions from 2030 onwards, thus freeing up sequestration to offset methane emissions. No other report has quantified how our forest sink should be fairly apportioned between offsetting methane and offsetting CO2.
By measuring warming effect in any year the two basket approach is shown to be wrong and even worse, a con, because it counts the short-lived qualities of methane twice – once when bringing it into the Inventory at GWP100 and a second time by intending to treat them more leniently than CO2 into the future.
The warming effect value of methane in 2050 is 1,161 Mtns CO2e while that of net CO2 is only 45 Mtns, 25 times less The conclusion must be that the focus of New Zealand’s climate change efforts should be on methane, not CO2


The Zero Carbon Bill consultation proposes three options:
1. Net zero Carbon Dioxide by 2050, but not other gases
2. Net zero emissions by 2050 of long-lived gases (CO2 and Nitrous Oxide) and stabilized emissions only of short-lived gases (Methane)
3. Net zero emissions by 2050 across all gases
Although these targets appear to be simple choices, they conceal a minefield of problems and questions merely concerning what they mean, let alone how to reach them.
Option1. Is too easy. Prior to 1997 New Zealand always had negative net CO2 emissions as can be seen in chart 1. Even in 2016 (the most recent Inventory), our net emissions of CO2 were only 11.76 million tonnes. This represents the difference between our gross emissions of 34.46 Mtns and our forest sink of -22.7 Mtns. Thus CO2 is only one third of our methane emissions of 33.68 Mtns. A reduction from 11.76 to zero over 32 years is a laughably inadequate target.
[image: ]Chart 1. NZ methane and net CO2 emissions 1990-2016

Option 2. Net zero CO2 and merely stabilized methane.
Option 2 cannot be understood without answering the question. “At what level should methane be stabilized?” Most people don’t know it, but NZ methane levels have been stable for at least 26 years. (Chart 1. Above).  In fact, the 2016 level of 33.68 Mtns is exactly the average of the years 1990 to 2016. The problem is that methane is stabilized at too high a level. No matter what level methane is stabilised at, it will still be causing warming.
In turn, the question of the level of stabilization cannot be answered unless we consider three other questions.
1. How do we measure the methane we emit?
2. How do we measure the target?
3. How is the forest sink to be allocated between offsetting CO2 and offsetting methane?
1. “How do we measure methane emissions anyway?” 
Measuring CO2 is easy; we assign it a global warming potential value of 1, which means that the 34.46 Mtns of CO2 emitted in 2016 caused 34.46Mtns of warming, measured in CO2 equivalents (CO2e). With methane its harder; although NZ produced only 1.2 Mtns of methane in 2016, it is a much more powerful heat-trapping gas in the atmosphere. In the year it is emitted it causes 120 times more warming than CO2. However, an allowance has been made for the fact that unlike CO2 which stays in the atmosphere for centuries, methane is short-lived, breaking down largely in 12 years, after which it has little warming effect. For example, its 10-year warming effect is 105 times CO2, its 20-year effect is 86 times CO2 and its 100-year effect is 28 times CO2. (NZ Productivity Commission) The measurements of these effects are called Global Warming Potential (GWP). Chart 2. shows New Zealand’s emissions of gross CO2 and methane from 1990 to 2016, using both GWP 100 and GWP 32. This shows that methane emissions are much higher than of CO2, measured using GWP32, but similar using GWP100
Chart 2. NZ emissions 1990-2016 for Gross CO2, Methane, both GWP100 and GWP32.
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It is the last measure (GWP100) which the international community has chosen by which to report methane’s effect. Thus NZ’s 1.2 Mtns of methane caused 33.68 Mtns (1.2x28) of warming measured in CO2 equivalents (CO2e). 

There are four problems with this measure which is an evasion, belittling methane’s true warming effect.
Problem 1. If methane is a short-lived gas, why do we measure it over 100 years when it only lasts 12 years? Consider a parallel illustration: Someone drinks 10 beers and when driving home is stopped by the police and found to have a blood-alcohol level of 120 mg, well over the limit. They say “I want my alcohol reading to be allocated over 10 days, so that it comes out as 12 mg.” We wouldn’t accept this ruse, so why do climate scientists accept it? The alcohol in the blood breaks down over a similar trajectory as methane, but here’s the issue; because methane emissions are stable (i.e. the same amount is emitted each year), it is the equivalent of drinking another 10 beers tomorrow and again the night after that, so the alcohol level will never fall. What we are looking to answer is how many beers the driver can drink the next day and be under the limit.
The NZ Productivity Commission in its recent publication, The Low-Emissions Economy, seems very confused. “Some researchers have criticised GWP100 for under-valuing emissions of long-lived gases, and over-valuing emissions of short-lived gases, if the aim is to limit peak warming (Forster et al., 2007; Shine et al., 2007; S. M. Smith et al., 2012). Ocko et al. (2017) also criticised it for under-valuing emissions of short-lived gases, and over-valuing emissions of long-lived gases, in the context of short- and medium-term temperature change.” (P. 252) Surely GWP100 either undervalues methane or it overvalues methane – it can’t be both!
Secondly, the attitude towards methane differs between countries. “GWP was not originally intended to be used in policy. Tanaka et al. (2010) note that it was used in the first IPCC report only to illustrate the difficulties inherent in the concept. One history of GWP also suggests that it was supported as a policy tool because the economies of most countries (especially most developed countries) are based on activities that cause CO2 emissions. So, a metric showing that emissions reductions of other GHGs are worth “more” than CO2 reductions was welcomed because these were likely to be cheaper and easier to abate (Skodvin, 1999).” (P.252). New Zealand, on the other hand , because it emits more methane, has a vested interest in downplaying methane, hence the attraction of GWP100 rather than GWP32. The confusion mentioned in the previous paragraph leaves NZ clearly agreeing with the first camp, which to me is wrong. GWP obviously under-values the warming effect of methane in the short term.  
Problem 2. Humanity does not have 100 years to fix climate change. If we don’t act in the next 10 years, it will be too late to stop 2 degrees C of warming, and the earth’s climate will switch to a state which is not conducive to human survival. Therefore, we need to measure methane’s effect over a shorter time i.e. 32 years, in which case its effect is 75 times CO2 and NZ’s methane emissions become 90 Mtns, not 33 Mtns.
Problem 3. This government has chosen 2050 as a target year to get our emissions under control. Surely it would be more honest to measure methane’s warming effect over the 32 years to 2050. 
Problem 4. This is the evasion involved in the offhand description of methane as a short-lived gas, giving the impressions that it somehow fades away after a few years and we don’t have to worry about it too much. This is wrong because its short-lived quality has already been accounted for by giving it a GWP of 28 times CO2. That means that methane emitted in a certain year, instead of being counted at 120 times CO2, is only measured at 28 times, because it breaks down quickly. The conclusion must be that methane is to be treated as the equivalent of CO2; in other words, because it is expressed in CO2e, it must be reduced as much as CO2 is. Therefore, option 2 of the zero-carbon bill is a sleight-of-hand, counting methane’s short-livedness twice! Once when bringing it into the Inventory, using GWP of 28, and then again in proposing to treat it more leniently because it is “short-lived”.
2.How do we measure the target
Our target only measures emissions in the 2050 year but does not consider the effect on the atmosphere of all the accumulated emissions between now and 2050. The zero-carbon bill is aware of this and on page 13 of the consultation document it mentions emissions budgets – “They set out how much greenhouse gas we can emit over a period of time, for example five or six years” Unfortunately this contradicts the idea of a target of “zero net emissions by 2050.” If it was serious about having a budget it would be expressed as say “Emit no more than 600 Mtns CO2e between now and 2050.” I imagine their budgets will be in the form of “net emissions of 56Mtns by 2018, 40 Mtns by 2030, 20 Mtns by 2040 and zero by 2050. In fact, it is the warming caused by the accumulated gases in the atmosphere, not the amount emitted in 2050, which will determine whether we stay under 2 degrees of warming.
In order to investigate the true extent of methane’s warming so that both a measuring system and a target definition can be arrived at, I have run two scenarios tracking emissions of methane and CO2 over 100 years from 1950 to 2050. In the first I assume that levels stay steady at the 2016 level from 2019 through to 2050. In the second a 3% year on year reduction in both gases is modelled. Determining the emissions in the 2050 year is easy. In scenario 1 they are the 2016 values of 34Mtns for CO2 and 33Mtns for methane. In scenario 2 with the 3% annual reduction applied the values are 12.2 for methane and 12.7 Mtns for CO2. Obviously, a sink of 24.9 Mtns, well below our 1999 sink of 33.4Mtns, would lead to zero net ghg emissions in that year. However, if one wants to measure the warming effect in 2050, one has to consider more than one year’s emissions. In fact, all the ghg still in the atmosphere from the last 100 years is adding to the warming, and this is much more complex to measure. To accomplish this I have used three measuring systems for methane: “real- time measuring”, cumulative GWP100 and cumulative GWP32. For CO2, which lasts more than 100 years, I have simply added all the annual values together 

Scenario One: Both CO2 and methane emissions remaining constant at 2016 levels through to 2050
First, we need a breakdown trajectory for methane over 100 years, Table 1.
Notes: This trajectory is not scientifically derived. It merely reconciles four factors: “methane breaks down in 10-12 years,” Dr David Frame’s observation that “after 50 years there is 5% of the methane left”, “ GWP 100 is 28” and “GWP20 is 86”. My GWP values, taken from table 2 are GWP100 = 16.9, GWP20 = 62.2, well below the standard. Thus, my postulated trajectory is very conservative, still well below 28. As a consequence, any result using this trajectory will understate the true effect of methane,
[image: ]Table 1. The postulated breakdown of methane, the first 32 years. Note the full table (not shown here) spans 100 years and thus gives a value for GWP 100 as well. 

The point of fixing future methane emissions is to demonstrate that unless there is a drop in methane emissions its warming effect will not reduce. Table 2 is the beginning of the methane spreadsheet which covers 100 years.
Table 2.(Extract). New Zealand’s accumulated annual methane emissions 1950-1961
[image: ]
Note that this is only the first 12 years of the table which tracks methane over 100 years. The full spreadsheet can be found at https://www.climatefirstnz.org/

Explanation of Table 2.
Column one is the generic breakdown trajectory of 1 unit of methane over its first 24 years, as explainedabove in the presumed methane breakdown curve, Table 1. Note that after 12 years it has reduced to 22% of its original value.
Column two tracks the .9 Million tonnes of methane emitted by NZ in 1950 as it breaks down over 12 years, while column three tracks the .9 Mtns emitted in 1951 over its first 11 years.
Each horizontal row, on the other hand, calculates the amount of methane present in the atmosphere for any year. For example, in 1950 there was only .9 Mtns. But in 1951 a new .9 Mtns was added to the .89 still remaining from 1950. Similarly, in 1952 there were three amounts – the current year plus the previous two years. One could argue that in 1950 there were in fact all the residues from the previous 100 years. However, we have to start somewhere, and the whole purpose of tracking methane over 100 years is to get a realistic picture of what happens to methane over the long term, i.e. by 2050. I call this the ‘real time’ method. 

[image: ]Table 3. NZ methane and CO2 emissions tracked over 100 years from 1950 to 2050 with assumed constant levels of both gases from 2019 onwards. Note. This table is the result of the complete Table 1950-2050.
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Explanation for Table 3.
Column one gives the methane in the air from NZ emissions in any one year in millions of tonnes of methane, as calculated by the complete spreadsheet, using what I call the real-time method
Column two gives the warming effect of this in any one year, by multiplying by 120, the global warming effect of methane compared to CO2 in the year that it is emitted. Note that in the 2050 year the warming effect of all the methane emitted in NZ over the last 100 years is 2012.7 Mtns CO2e. This is far greater than the methane emissions from that year alone of 144 Mtns CO2e!
Column three gives NZ’s annual net CO2 emissions, (the gross emissions less the sequestering of CO2 by the forest sink). 
Column four gives the warming effect in any year based on accumulated emissions still in the air. Note that in the 2050 year, the total warming effect of all the net CO2 sitting in the atmosphere since 1950 (498.84 Mtns)  is less than a quarter of the warming effect of the methane in the atmosphere in the same year.
Column five represents the annual gross CO2 emissions.
Column 6 shows the accumulated gross CO2 levels, with the warming effect in 2050 being the equivalent of 2670 Mtns of CO2e.
Column seven gives the annual size of NZ’s forest sink, where known. Note the post 2019 value is the 2016 value of22.7. The 1990-2016 values are from the 2018 Inventory. The pre-1990 value is difficult to establish, however, it is assumed, considering that there were large forest plantings in the 30’s and 50’s and the 1990 value is 29 Mtns, that the sink was large enough to ensure negative net CO2 values pre 1990. Thus, the net CO2 emissions from 1950 to 1989 are rated at zero.
Column eight gives the annual methane emissions using GWP100.
Column nine gives the accumulated warming effect of the annual emissions from column 8. The 2050 figure of 3,101 seems very high compared to the real time figure of 2,012 which must cast doubt on the legitimacy of simply adding up all the annual emissions. While the accumulation process is very straightforward for CO2 (simple accumulation), calculating the accumulated effect of methane using GWP100 is very hard to visualise. However, there is no doubt that in using the GWP100 multiplier 28x instead of the one-year multiplier of 120x, the breaking down of methane must have been taken into account.
Column ten gives the annual value of methane for 32 years (i.e. 2019 to 2050) using GWP32
Column eleven gives the accumulated warming effect of column ten’s emissions over 32 years
Conclusions.
I wanted to establish that the way to calculate accumulated warming of methane was to simply add up all the annual values, as long as the period concerned was 100 years. By doing the real time calculation (column 1 and 2) I had a way to test this idea. The result of accumulated warming in the 2050 year using real time was 2,012 Mtns while the accumulated GWP100 was 3,101 Mtns and the GWP32 accumulated warming was 2,886 Mtns over 32 years. However, my GWP100 value was 16.9x compared to the standard of 28x. If we correct for this (2012 x 28/16.9 = 3,333) the value is too large.  Given that my supposed breakdown graph is an approximation (Table 2), this result is probably accurate enough.
The accumulated CO2 result in 2050 is 2670 (Column 4)
Therefore, I conclude that in 2050 if methane and CO2 levels remain steady at 2016 levels through to 2050, the warming effect on the atmosphere of both gases will be similar, of the order of 2670 -3100 Mtns. This is an alarming amount of warming, however this is cumulative warming, not annual warming in the year 2050 in which terms the government’s target is framed. The question then needs to be asked as to whether accumulated warming of this magnitude is compatible with keeping the world under 2 degrees of warming.
Scenario 2.
Table 4. Methane and CO2 tracked from 1950 to 2016 and modelled forward to 2050, assuming a year-on-year reduction of 3% from 2019 onwards in both gases. The complete spreadsheet from which the table is derived can be found at www.climatefirstnz.org
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Explanation for table 4.
Column one shows the amount of methane in million tonnes of methane in the atmosphere in any one year. As explained above, for 2050 for example, it includes all the residual methane remaining in the atmosphere from the last 100 years.
Column two shows the actual warming effect of the amount of methane in column one. This is calculated by multiplying by 120, the number of times stronger methane is than Co2 as a warming agent in the year that it is emitted. Thus in 2050, the warming caused by all the methane emitted by NZ over the last 100 years is the equivalent of 1161.86 million tonnes of CO2. In other words, 92 times more than the warming effect of the actual 0.45 Mtns (12.6 Mtns CO2e) emitted in 2050 alone!
Column three shows annual gross CO2 emissions. 
Column four is those annual emissions accumulated. Thus in 2050, the warming effect of all the gross CO2 from the last 100 years is 2217.87 million tonnes, double the warming effect of methane in that year, due to the 3% a year reduction in methane from 2019 onwards.
Column five is the forest sink as far as it is known. 
Column six shows our annual net CO2 emissions. Note that by retaining the sink at the 2016 value of 22.7 Mtns, the 3% annual reduction in gross CO2 emissions results in negative CO2 emissions from 2030 onwards. This shows how easy achieving net zero CO2 emissions is compared to doing something about methane.
Column seven shows the cumulative net CO2 emissions which are rapidly approaching zero too.
Column eight gives, by way of comparison with column 1 the annual methane emissions according to GWP 100 (i.e. x28). 
Column nine calculation gives a warming effect in 2050 of 2,702.04 million tonnes of CO2e. Note that this calculation method gives a different result to the real time calculation of column two. This is because the annual methane emissions have merely been totaled similar to CO2. While this produced similar values if methane and CO2 were kept at the 2016 value through to 2050, (See Table 3). When the gases are reduced, this is no longer a satisfactory method of aggregating the accumulated methane.
Column ten gives the annual emissions using GWP32
Column 11 gives column 10, totalled over 32 years.
Conclusions:
There is some doubt whether annual amounts of methane, calculated using GWP, can be simply aggregated in order to arrive a total warming effect value for an individual year.
The ‘real time’ method was developed to test this and, in some situations, produces similar results.
Running the three measuring systems over both scenarios gives a more powerful calculation of the effect of both the stable emissions and the 3% reduction outcome.
While GWP gives a satisfactory reading for methane emissions in a single year (If agreement can be reached over the time span used!), it is perhaps unsuited to producing a reliable figure for total warming effect in that year. If so, then it is no use for measuring any target emission level except the single year one proposed by the Zero Carbon Bill. Therefore, in proposing a target which takes into account accumulated warming, I use in the first instance the ‘real time’ methane calculation method.
Summary of results from scenario 1 and 2. Total warming effect in 2050
	Methane
	Scenario 1
	Scenario 2

	Real time
	2012
	1161

	GWP100
	3101
	2702

	GWP32
	2886
	1816

	CO2
	2670
	2217


 
These results show that, as expected, a 3% reduction in methane has a much bigger effect, because of methane’s shorter lifetime, than a 3% reduction in CO2.
How to allocate the forest sink to offset methane and offset CO2
 with option b) and c), a call as to by how much to reduce methane cannot be made until it is decided how the CO2 sequestered by the sink is to be shared between offsetting each gas. 
It seems unfair that in Chart 1, all the sequestration by the forest sink is allocated against gross CO2, especially as much of the forests would be on rural land, where the methane release happens. Therefore, in developing a pathway for ghg reductions through to 2050, there seems to be a case to use the sink to reduce CO2 to zero, then use the surplus to offset some of the methane. This is only fair if a reasonable reduction in CO2 emissions is made too. This in turn depends on how you measure methane as discussed above, therefore I have adopted real time measure to calculate methane’s warming. The results of scenario 2 are interesting. Taking CO2 alone over 100 years, the total warming effect of all the accumulated net CO2 is only 45.85 Mtns or less, which is astonishing, whereas methane’s effect in 2050 is 1,161 Mtns, giving a total for all gases of 1,207.71 Mtns.
If the target is the annual amount emitted in 2050 the results are 12.71 Mtns for methane plus -10.47 for CO2 = +2.24 using GWP100. Or 34 + -10.47 = 23.53. (using GWP32)
[bookmark: _GoBack]Thus, it can be seen that the definition of the target is crucial, and that planning a trajectory for 2050 cannot begin until these doubts are sorted out.
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methaneCO2 CO2 co2 CO2 sink methane methane methane 

methanewarming net net  gross gross using cumu using  GWP

MTNs x120 MtnMtn cumu cumu GWP 100 GWP32 cumu

0.9 108 0 0 9 9 25.2 25.2 25.2 1950

1.79 214.92 0 0 9 18 25.2 50.4 25.2 1951

2.67 320.76 0 0 9 27 25.2 75.6 25.2 1952

3.55 425.52 0 0 9 36 25.2 100.8 25.2 1953

4.40 528.12 0 0 10 46 25.2 126 25.2 1954

5.21 625.32 0 0 10 56 25.2 151.2 25.2 1955

5.98 717.12 0 0 10 66 25.2 176.4 25.2 1956

6.65 798.12 0 0 10 76 25.2 201.6 25.2 1957

7.24 868.32 0 0 10 86 25.2 226.8 25.2 1958

7.60 911.52 0 0 10 96 25.2 252 25.2 1959

7.91 949.32 0 0 11.21 107.21 25.2 277.2 25.2 1960

8.16 979.56 0 0 11.54 118.75 25.2 302.4 25.2 1961

8.36 1003.32 0 0 11.76 130.51 25.2 327.6 25.2 1962

8.54 1024.92 0 0 12.23 142.74 25.2 352.8 25.2 1963

8.69 1043.28 0 0 13.1 155.84 25.2 378 25.2 1964

8.84 1060.56 0 0 13.69 169.53 25.2 403.2 25.2 1965

8.97 1076.76 0 0 14.01 183.54 25.2 428.4 25.2 1966

9.10 1091.88 0 0 13.64 197.18 25.2 453.6 25.2 1967

9.22 1105.92 0 0 13.48 210.66 25.2 478.8 25.2 1968

9.33 1119.64 0 0 14.27 224.93 25.2 504 25.2 1969

9.49 1139.14 0 0 14.19 239.12 26.6 530.6 26.6 1970

9.65 1158.04 0 0 15.06 254.18 26.6 557.2 26.6 1971

9.81 1176.88 0 0 16.19 270.37 26.6 583.8 26.6 1972

9.96 1195.66 0 0 18.2 288.57 26.6 610.4 26.6 1973

10.12 1214.32 0 0 18.75 307.32 26.6 637 26.6 1974

10.27 1232.68 0 0 18.26 325.58 26.6 663.6 26.6 1975

10.42 1250.20 0 0 19.23 344.81 26.6 690.2 26.6 1976

10.56 1267.12 0 0 20.3 365.11 26.6 716.8 26.6 1977

10.69 1282.90 0 0 18 383.11 26.6 743.4 26.6 1978

10.81 1297.18 0 0 16.47 399.58 26.6 770 26.6 1979

10.92 1310.08 0 0 17.45 417.03 26.6 796.6 26.6 1980

11.02 1322.56 0 0 16.52 433.55 26.6 823.2 26.6 1981

11.12 1334.68 0 0 18.23 451.78 26.6 849.8 26.6 1982

11.21 1345.60 0 0 17.96 469.74 26.6 876.4 26.6 1983

11.30 1356.34 0 0 19.29 489.03 26.6 903 26.6 1984

11.39 1367.02 0 0 21.8 510.83 26.6 929.6 26.6 1985

11.47 1376.56 0 0 22.89 533.72 26.6 956.2 26.6 1986

11.55 1386.04 0 0 24.11 557.83 26.6 982.8 26.6 1987

11.63 1395.46 0 0 25.39 583.22 26.6 1009.4 26.6 1988

11.70 1403.78 0 0 25.4 608.62 26.6 1036 26.6 1989

12.04 1444.49 -4.55 -4.55 25.45 634.07 30 32.28 1068.28 32.28 1990

12.37 1484.84 -5.98 -10.53 26.12 660.19 32.1 32.47 1100.75 32.47 1991

12.70 1523.80 -3.59 -14.12 28.11 688.3 31.7 32.16 1132.91 32.16 1992


image6.emf
13.02 1562.42 -4.59 -18.71 27.71 716.01 32.3 32.18 1165.09 32.18 1993

13.34 1600.40 -4.41 -23.12 27.89 743.9 32.3 32.9 1197.99 32.9 1994

13.64 1636.76 -2.65 -25.77 28.15 772.05 30.8 33.32 1231.31 33.32 1995

13.93 1671.47 -1.12 -26.89 29.38 801.43 30.5 33.93 1265.24 33.93 1996

14.18 1701.86 -0.04 -26.93 31.36 832.79 31.4 34.57 1299.81 34.57 1997

14.41 1728.98 -1.87 -28.8 29.93 862.72 31.8 33.89 1333.7 33.89 1998

14.57 1748.00 -1.87 -30.67 31.53 894.25 33.4 34.21 1367.91 34.21 1999

14.71 1765.34 0.06 -30.61 32.36 926.61 32.3 35.08 1402.99 35.08 2000

14.84 1780.42 2.88 -27.73 34.58 961.19 31.7 35.27 1438.26 35.27 2001

14.95 1793.54 5.47 -22.26 34.77 995.96 29.3 35.21 1473.47 35.21 2002

15.05 1805.96 6.09 -16.17 36.49 1032.45 30.4 35.43 1508.9 35.43 2003

15.15 1817.41 5.66 -10.51 36.06 1068.51 30.4 35.34 1544.24 35.34 2004

15.23 1827.46 8.85 -1.66 37.65 1106.16 28.8 35.61 1579.85 35.61 2005

15.30 1836.04 10.42 8.76 37.52 1143.68 27.1 35.74 1615.59 35.74 2006

15.37 1844.29 11.64 20.4 36.64 1180.32 25 34.58 1650.17 34.58 2007

15.44 1852.22 4.06 24.46 37.66 1217.98 33.6 33.55 1683.72 33.55 2008

15.50 1860.00 4.51 28.97 34.81 1252.79 30.3 33.84 1717.56 33.84 2009

15.56 1867.71 4.51 33.48 35.01 1287.8 30.5 33.82 1751.38 33.82 2010

15.63 1875.26 8.23 41.71 34.33 1322.13 26.1 33.96 1785.34 33.96 2011

15.69 1882.74 10.47 52.18 35.97 1358.1 25.5 34.43 1819.77 34.43 2012

15.75 1890.23 11.01 63.19 35.21 1393.31 24.2 34.43 1854.2 34.43 2013

15.81 1897.72 11.91 75.1 35.61 1428.92 23.7 34.62 1888.82 34.62 2014

15.88 1905.21 12.14 87.24 35.84 1464.76 23.7 34.08 1922.9 34.08 2015

15.92 1910.13 11.76 99 34.46 1499.22 22.7 33.68 1956.58 33.68 2016

15.96 1915.02 11.76 110.76 34.46 1533.68 33.68 1990.26 33.68 2017

16.00 1919.78 11.76 122.52 34.46 1568.14 33.68 2023.94 33.68 2018

16.04 1924.55 11.76 134.28 34.46 1602.6 33.68 2057.62 90.21 90.21 2019

16.08 1929.05 11.76 146.04 34.46 1637.06 33.68 2091.3 90.21 180.42 2020

16.11 1933.67 11.76 157.8 34.46 1671.52 33.68 2124.98 90.21 270.64 2021

16.14 1937.33 11.76 169.56 34.46 1705.98 33.68 2158.66 90.21 360.85 2022

16.17 1940.91 11.76 181.32 34.46 1740.44 33.68 2192.34 90.21 451.07 2023

16.21 1944.72 11.76 193.08 34.46 1774.9 33.68 2226.02 90.21 541.28 2024

16.24 1949.08 11.76 204.84 34.46 1809.36 33.68 2259.7 90.21 631.50 2025

16.28 1953.17 11.76 216.6 34.46 1843.82 33.68 2293.38 90.21 721.71 2026

16.31 1957.43 11.76 228.36 34.46 1878.28 33.68 2327.06 90.21 811.92 2027

16.35 1961.84 11.76 240.12 34.46 1912.74 33.68 2360.74 90.21 902.14 2028

16.38 1965.96 11.76 251.88 34.46 1947.2 33.68 2394.42 90.21 992.35 2029

16.42 1970.16 11.76 263.64 34.46 1981.66 33.68 2428.1 90.21 1082.57 2030

16.46 1974.94 11.76 275.4 34.46 2016.12 33.68 2461.78 90.21 1172.78 2031

16.49 1978.31 11.76 287.16 34.46 2050.58 33.68 2495.46 90.21 1263.00 2032

16.52 1982.26 11.76 298.92 34.46 2085.04 33.68 2529.14 90.21 1353.21 2033

16.55 1986.23 11.76 310.68 34.46 2119.5 33.68 2562.82 90.21 1443.42 2034

16.58 1989.13 11.76 322.44 34.46 2153.96 33.68 2596.5 90.21 1533.64 2035

16.60 1992.04 11.76 334.2 34.46 2188.42 33.68 2630.18 90.21 1623.85 2036

16.62 1994.63 11.76 345.96 34.46 2222.88 33.68 2663.86 90.21 1714.07 2037

16.64 1997.22 11.76 357.72 34.46 2257.34 33.68 2697.54 90.21 1804.28 2038

16.67 1999.81 11.76 369.48 34.46 2291.8 33.68 2731.22 90.21 1894.50 2039

16.68 2001.32 11.76 381.24 34.46 2326.26 33.68 2764.9 90.21 1984.71 2040

16.69 2002.84 11.76 393 34.46 2360.72 33.68 2798.58 90.21 2074.92 2041

16.70 2004.30 11.76 404.76 34.46 2395.18 33.68 2832.26 90.21 2165.14 2042

16.72 2006.32 11.76 416.52 34.46 2429.64 33.68 2865.94 90.21 2255.35 2043

16.73 2007.24 11.76 428.28 34.46 2464.1 33.68 2899.62 90.21 2345.57 2044

16.74 2008.39 11.76 440.04 34.46 2498.56 33.68 2933.3 90.21 2435.78 2045

16.74 2009.24 11.76 451.8 34.46 2533.02 33.68 2966.98 90.21 2526.00 2046

16.75 2010.10 11.76 463.56 34.46 2567.48 33.68 3000.66 90.21 2616.21 2047

16.76 2010.95 11.76 475.32 34.46 2601.94 33.68 3034.34 90.21 2706.42 2048

16.77 2011.82 11.76 487.08 34.46 2636.4 33.68 3068.02 90.21 2796.64 2049

16.77 2012.70 11.76 498.84 34.46 2670.86 33.68 3101.7 90.21 2886.85 2050

2012.70 498.84 2670.86 3101.7 2886.85totals
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methaneco2 CO2 grosssink CO2 net cO2net  methane methane methanemethane

methanewarming gross accum cumu using cumu using  cumu

MTNs x120 Mtn GWP 100 GWP32

0.90 108.00 9.00 9 0 25.2 25.2 1950

1.79 214.92 9.00 18 0 25.2 50.4 1951

2.67 320.76 9.00 27 0 25.2 75.6 1952

3.55 425.52 9.00 36 0 25.2 100.8 1953

4.40 528.12 10.00 46 0 25.2 126 1954

5.21 625.32 10.00 56 0 25.2 151.2 1955

5.98 717.12 10.00 66 0 25.2 176.4 1956

6.65 798.12 10.00 76 0 25.2 201.6 1957

7.24 868.32 10.00 86 0 25.2 226.8 1958

7.60 911.52 10.00 96 0 25.2 252 1959

7.91 949.32 11.21 107.21 0 25.2 277.2 1960

8.16 979.56 11.54 118.75 0 25.2 302.4 1961

8.36 1003.32 11.76 130.51 0 25.2 327.6 1962

8.54 1024.92 12.23 142.74 0 25.2 352.8 1963

8.69 1043.28 13.10 155.84 0 25.2 378 1964

8.84 1060.56 13.69 169.53 0 25.2 403.2 1965

8.97 1076.76 14.01 183.54 0 25.2 428.4 1966

9.10 1091.88 13.64 197.18 0 25.2 453.6 1967

9.22 1105.92 13.48 210.66 0 25.2 478.8 1968

9.33 1119.64 14.27 224.93 0 25.2 504 1969

9.49 1139.14 14.19 239.12 0 26.6 530.6 1970

9.65 1158.04 15.06 254.18 0 26.6 557.2 1971

9.81 1176.88 16.19 270.37 0 26.6 583.8 1972

9.96 1195.66 18.20 288.57 0 26.6 610.4 1973

10.12 1214.32 18.75 307.32 0 26.6 637 1974

10.27 1232.68 18.26 325.58 0 26.6 663.6 1975

10.42 1250.20 19.23 344.81 0 26.6 690.2 1976

10.56 1267.12 20.30 365.11 0 26.6 716.8 1977

10.69 1282.90 18.00 383.11 0 26.6 743.4 1978

10.81 1297.18 16.47 399.58 0 26.6 770 1979

10.92 1310.08 17.45 417.03 0 26.6 796.6 1980

11.02 1322.56 16.52 433.55 0 26.6 823.2 1981

11.12 1334.68 18.23 451.78 0 26.6 849.8 1982

11.21 1345.60 17.96 469.74 0 26.6 876.4 1983

11.30 1356.34 19.29 489.03 0 26.6 903 1984

11.39 1367.02 21.80 510.83 0 26.6 929.6 1985

11.47 1376.56 22.89 533.72 0 26.6 956.2 1986
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11.55 1386.04 24.11 557.83 0 26.6 982.8 1987

11.63 1395.46 25.39 583.22 0 26.6 1009.4 1988

11.70 1403.78 25.40 608.62 0 26.6 1036 1989

12.04 1444.49 25.45 634.07 30 -4.55 -4.55 32.28 1068.28 1990

12.37 1484.84 26.12 660.19 32.1 -5.98 -10.53 32.47 1100.75 1991

12.70 1523.80 28.11 688.3 31.7 -3.59 -14.12 32.16 1132.91 1992

13.02 1562.42 27.71 716.01 32.3 -4.59 -18.71 32.18 1165.09 1993

13.34 1600.40 27.89 743.9 32.3 -4.41 -23.12 32.9 1197.99 1994

13.64 1636.76 28.15 772.05 30.8 -2.65 -25.77 33.32 1231.31 1995

13.93 1671.47 29.38 801.43 30.5 -1.12 -26.89 33.93 1265.24 1996

14.18 1701.86 31.36 832.79 31.4 -0.04 -26.93 34.57 1299.81 1997

14.41 1728.98 29.93 862.72 31.8 -1.87 -28.8 33.89 1333.7 1998

14.57 1748.00 31.53 894.25 33.4 -1.87 -30.67 34.21 1367.91 1999

14.71 1765.34 32.36 926.61 32.3 0.06 -30.61 35.08 1402.99 2000

14.84 1780.42 34.58 961.19 31.7 2.88 -27.73 35.27 1438.26 2001

14.95 1793.54 34.77 995.96 29.3 5.47 -22.26 35.21 1473.47 2002

15.05 1805.96 36.49 1032.45 30.4 6.09 -16.17 35.43 1508.9 2003

15.15 1817.41 36.06 1068.51 30.4 5.66 -10.51 35.34 1544.24 2004

15.23 1827.46 37.65 1106.16 28.8 8.85 -1.66 35.61 1579.85 2005

15.30 1836.04 37.52 1143.68 27.1 10.42 8.76 35.74 1615.59 2006

15.37 1844.29 36.64 1180.32 25 11.64 20.4 34.58 1650.17 2007

15.44 1852.22 37.66 1217.98 33.6 4.06 24.46 33.55 1683.72 2008

15.50 1860.00 34.81 1252.79 30.3 4.51 28.97 33.84 1717.56 2009

15.56 1867.71 35.01 1287.8 30.5 4.51 33.48 33.82 1751.38 2010

15.63 1875.26 34.33 1322.13 26.1 8.23 41.71 33.96 1785.34 2011

15.69 1882.74 35.97 1358.1 25.5 10.47 52.18 34.43 1819.77 2012

15.75 1890.23 35.21 1393.31 24.2 11.01 63.19 34.43 1854.2 2013

15.81 1897.72 35.61 1428.92 23.7 11.91 75.1 34.62 1888.82 2014

15.88 1905.21 35.84 1464.76 23.7 12.14 87.24 34.08 1922.9 2015

15.92 1910.13 34.46 1499.22 22.7 11.76 99 33.68 1956.58 2016

15.96 1915.02 33.43 1532.65 22.7 10.73 109.73 33.68 1990.26 2017

16.00 1919.78 32.42 1565.07 22.7 9.72 119.45 33.68 2023.94 2018

16.00 1920.23 31.45 1596.52 22.7 8.75 128.20 32.67 2056.61 87.51 87.51 2019

15.97 1916.27 30.51 1627.03 22.7 7.81 136.01 31.69 2088.30 84.88 172.39 2020

15.90 1908.44 29.59 1656.62 22.7 6.89 142.90 30.74 2119.04 82.34 254.73 2021

15.80 1895.84 28.70 1685.32 22.7 6.00 148.90 29.82 2148.85 79.87 334.60 2022

15.66 1879.53 27.84 1713.17 22.7 5.14 154.05 28.92 2177.78 77.47 412.07 2023

15.50 1860.18 27.01 1740.17 22.7 4.31 158.35 28.05 2205.83 75.15 487.22 2024

15.32 1838.38 26.20 1766.37 22.7 3.50 161.85 27.21 2233.04 72.89 560.11 2025

15.12 1813.87 25.41 1791.78 22.7 2.71 164.56 26.40 2259.44 70.71 630.82 2026

14.90 1787.58 24.65 1816.43 22.7 1.95 166.51 25.60 2285.05 68.59 699.41 2027

14.67 1760.62 23.91 1840.34 22.7 1.21 167.72 24.84 2309.88 66.53 765.93 2028

14.44 1732.81 23.19 1863.54 22.7 0.49 168.22 24.09 2333.97 64.53 830.47 2029

14.21 1704.82 22.50 1886.03 22.7 -0.20 168.01 23.37 2357.34 62.60 893.06 2030

13.98 1677.42 21.82 1907.85 22.7 -0.88 167.13 22.67 2380.01 60.72 953.78 2031

13.74 1648.72 21.17 1929.02 22.7 -1.53 165.60 21.99 2402.00 58.90 1012.68 2032

13.51 1620.83 20.53 1949.55 22.7 -2.17 163.43 21.33 2423.32 57.13 1069.81 2033

13.28 1593.22 19.92 1969.47 22.7 -2.78 160.65 20.69 2444.01 55.42 1125.22 2034

13.04 1564.84 19.32 1988.79 22.7 -3.38 157.27 20.07 2464.08 53.75 1178.98 2035

12.81 1536.80 18.74 2007.53 22.7 -3.96 153.31 19.47 2483.55 52.14 1231.12 2036

12.57 1508.81 18.18 2025.70 22.7 -4.52 148.78 18.88 2502.43 50.58 1281.69 2037

12.34 1481.19 17.63 2043.34 22.7 -5.07 143.72 18.31 2520.74 49.06 1330.75 2038

12.12 1453.94 17.10 2060.44 22.7 -5.60 138.12 17.77 2538.51 47.59 1378.34 2039

11.88 1425.98 16.59 2077.03 22.7 -6.11 132.01 17.23 2555.74 46.16 1424.50 2040

11.65 1398.39 16.09 2093.12 22.7 -6.61 125.40 16.72 2572.46 44.78 1469.27 2041

11.43 1371.11 15.61 2108.73 22.7 -7.09 118.31 16.21 2588.67 43.43 1512.71 2042

11.21 1344.72 15.14 2123.87 22.7 -7.56 110.75 15.73 2604.40 42.13 1554.83 2043

10.98 1317.58 14.69 2138.56 22.7 -8.01 102.74 15.26 2619.65 40.86 1595.70 2044

10.76 1291.00 14.25 2152.80 22.7 -8.45 94.28 14.80 2634.45 39.64 1635.34 2045

10.54 1264.47 13.82 2166.62 22.7 -8.88 85.40 14.35 2648.81 38.45 1673.79 2046

10.32 1238.28 13.40 2180.03 22.7 -9.30 76.11 13.92 2662.73 37.30 1711.08 2047

10.10 1212.42 13.00 2193.03 22.7 -9.70 66.41 13.51 2676.24 36.18 1747.26 2048

9.89 1186.96 12.61 2205.64 22.7 -10.09 56.32 13.10 2689.34 35.09 1782.35 2049

9.68 1161.86 12.2336 2217.874 22.7 -10.47 45.85 12.71 2702.04 34.04 1816.39 2050

methaneco2 CO2 grosssink CO2 net cO2net  methane methane  methane

methanewarming gross accum cumu using cumu using  cumu

GWP100 GWP32
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methane  annual

breakdown 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1961Mtns  x 120

curve methane

1950 1 0.9 0.9 108

1951 0.99 0.89 0.90 1.79 214.92

1952 0.98 0.88 0.89 0.90 2.67 320.76

1953 0.97 0.87 0.88 0.89 0.90 3.55 425.52

1954 0.95 0.86 0.87 0.88 0.89 0.90 4.40 528.12

1955 0.90 0.81 0.86 0.87 0.88 0.89 0.90 5.21 625.32

1956 0.85 0.77 0.81 0.86 0.87 0.88 0.89 0.90 5.98 717.12

1957 0.75 0.68 0.77 0.81 0.86 0.87 0.88 0.89 0.90 6.65 798.12

1958 0.65 0.59 0.68 0.77 0.81 0.86 0.87 0.88 0.89 0.90 7.24 868.32

1959 0.40 0.36 0.59 0.68 0.77 0.81 0.86 0.87 0.88 0.89 0.90 7.60 911.52

1960 0.35 0.32 0.36 0.59 0.68 0.77 0.81 0.86 0.87 0.88 0.89 0.90 7.91 949.32

1961 0.28 0.25 0.32 0.36 0.59 0.68 0.77 0.81 0.86 0.87 0.88 0.89 0.90 8.16 979.56


