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ABSTRACT: The IPCC carbon budget concludes that changes in atmospheric CO2 are driven by fossil fuel emissions on a year by
year basis. A testable implication of the validity of this carbon budget is that changes in atmospheric CO2 should be correlated
with fossil fuel emissions at an annual time scale net of long term trends. A test of this relationship with insitu CO2 data from
Mauna Loa 1958-2016 and flask CO2 data from twenty three stations around the world 1967-2015 is presented. The test fails to
show that annual changes in atmospheric CO2 levels can be attributed to annual emissions. The finding is consistent with prior
studies that found no evidence to relate the rate of warming to emissions and they imply that the IPCC carbon budget is flawed
possibly because of insufficient attention to uncertainty, excessive reliance on net flows, and the use of circular reasoning that
1
subsumes a role for fossil fuel emissions in the observed increase in atmospheric CO2.

1. INTRODUCTION
The essence of the theory of anthropogenic global warming (AGW) is that fossil fuel emissions cause
warming by increasing atmospheric CO2 levels and that therefore the amount of warming can be
attenuated by reducing fossil fuel emissions (Hansen, 1981) (Meinshausen, 2009) (Stocker, 2013)
(Callendar, 1938) (Revelle, 1957) (Lacis, 2010) (Hansen, 2016) (IPCC, 2000) (IPCC, 2014). At the root of
the proposed AGW causation chain is the ability of fossil fuel emissions to cause measurable changes in
atmospheric CO2 levels in excess of natural variability. Evidence for this relationship between emissions
and atmospheric CO2 has been presented in terms of carbon dioxide flows derived from climate models
(Sarmiento, 1998) (Canadell, 2007) (Bachelet, 2001) (Friedlingstein, 2006) (McGuire, 2001) (Bopp, 2002)
(Chen, 2000) and also from global carbon budgets based on the assessment of “net flows”.
Net flows are differences between large uncertain flows but with the uncertainty removed by making
certain assumptions. Net flows thus circumvent insurmountable measurement problems of large and
uncertain gross flows (Massman, 2002) (Aubinet, 2012) (Rosón, 2003) (Giering, 2014) (Smith, 2001)
(Lundberg, 1996) (Peltoniemi, 2006) (Ito, 2005) (Haverd, 2013) (Shvidenko, 1996) (Dufrêne, 2005).
However, net flows and flow information derived from climate models may be a form of circular
reasoning if they subsume AGW in the process of providing empirical evidence for AGW (Munshi, 2016)
(Rodhe, 2000) (Edwards, 1999) and in particular if uncertainty is not given due consideration (Munshi,
2015a). A testable implication of the validity of a carbon budget constructed with net flow assumptions
is its core AGW conclusion that changes in atmospheric CO2 are driven by fossil fuel emissions.
Measurements of atmospheric CO2 at Mauna Loa 1958-2016 and worldwide 1967-2015 are used to
carry out the test. In a prior study it was shown with Mauna Loa insitu CO2 data 1958-2011 that
detrended correlation analysis does not provide evidence that changes in atmospheric CO2 are driven
by fossil fuel emissions at an annual time scale (Munshi, 2015). This study is an update of the 2015 paper
with extended data availability to 2016 as well as availability of global CO2 measurements.
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2. DATA AND METHODS
Weekly mean insitu atmospheric CO2 concentrations in parts per million measured at the Mauna Loa
Observatory 1958-2016 are provided by the Scripps CO2 Program of UC San Diego (Scripps CO2
Program, 2017). Discrete flask measurements of atmospheric CO2 from 104 stations around the world
are provided by the Earth System Research Laboratory of the NOAA for various sample periods within
the range of 1967-2015 (ESRL, 2017). Twenty three of these stations are selected for this study using a
criterion of at least 20 years of data availability. The selected stations, listed in Figure 2, provide a wide
geographical distribution. They include Mauna Loa as well as stations in the South Pole, Australia,
Canada, Alaska, the lower 48 states of the USA, the South Pacific, China, Central Asia, Europe, and Russia
and provide more than 102,500 discrete flask atmospheric CO2 measurements for the period 19672015. Figure 1 shows that data availability is sparse prior to 1981 in the ESRL dataset and that
atmospheric CO2 rose from about 320 ppm in 1967 to more than 400 ppm in 2015. Data availability is
more uniform in the Scripps insitu weekly mean data and they also show rising CO2 levels in the
atmosphere from less than 320 ppm in 1958 to more than 400 ppm in 2016.
Figure 1: Discrete flask CO2 data from NOAA/ESRL 1967-2015: Availability and trend in the annual mean

Because of the difference in data availability between the early years and later years in the ESRL data,
and also because it is helpful to test the robustness of results with respect to sample period, both
datasets are studied for different time spans. The full span of the data for both datasets and the period
1981 to 2015, a period with good data availability that is common to both datasets, are studied. An
annual time scale is used as is usual in the study of the impact of emissions on atmospheric CO2
(Bousquet, 2000) (Canadell, 2007) (Gillett, 2013).
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Figure 2: List of NOAA/ESRL/GMD CO2 measuring stations used in this study with approximate number of observations

For the NOAA/ESRL data, a single amalgamated time series of all 102,517 measurements from all twenty
three stations is created and the mean and standard deviation of atmospheric CO2 for each year of data
are derived and used in a Monte Carlo procedure to simulate the uncertainty in the data. Annual
changes in atmospheric CO2 are computed as the corresponding difference in parts per million reported
by the measuring stations multiplied by 2.12 to convert ppm to gigatons of carbon equivalent (GTC).
Data for fossil fuel emissions in millions of tons of carbon equivalent are provided by the Carbon Dioxide
Information Analysis Center of the Oak Ridge National Laboratories (CDIAC, 2017). Data are available
from 1750 to 2013 provided as megatons of carbon equivalent per year. These values are divided by
1000 and reported in this work as gigatons of carbon equivalent per year (GTC). Emissions for later years
are inferred from percentage changes reported by other sources (CarbonBrief, 2016) (The Conversation,
2016) (Netherlands Environmental Assessment Agency, 2016).
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Correlation between annual changes in atmospheric CO2 and the corresponding fossil fuel emissions are
computed both in the source time series and in the detrended series. Uncertainty in the data causes the
computed correlations to be somewhat different from one simulation to the next. Ten consecutive
simulations are used as a representative sample of the correlation. The standard deviation of correlation
is estimated using Bowley’s procedure (Bowley, 1928).
Correlation in the source time series can be spurious because it contains both the time scale effect being
investigated and an effect of a common drift in time in the two series. For this reason both time series
must be detrended to isolate the effect at any given time scale (Podobnik, 2008) (Hu, 2001) (Munshi,
2016). Both source data correlation and detrended correlation are reported and tested for statistical
significance. There are three combinations of source and detrended correlations, viz, (1) the source data
are correlated and the correlation survives into the detrended series, (2) the source data are correlated
but the correlation does not survive into the detrended series, and (3) the source data are not
correlated. Only case (1) provides evidence of correlation at the time scale being studied. Case (2)
indicates that the correlation in the source data derive mostly from a shared long term drift in time and
not at the time scale being studied.
Because a positive correlation is necessary to establish the causal relationship between changes in
atmospheric CO2 and fossil fuel emissions described in the IPCC carbon budget, statistical significance is
established with the one tailed hypothesis test H0: ρ≤0 against HA: ρ>0. Here ρ represents the
correlation in the underlying phenomenon that generated the sample data being studied.
The maximum false positive error rate is set to α=0.001, much lower than the usual values of α=0.01 to
α=05, in accordance with Revised Standards for Statistical Significance (Johnson, 2013) published by the
NAS to address an unacceptable rate of irreproducible results in published research (Siegfried, 2010).
Since ten comparisons are made for the ten different simulation results for each correlation tested, the
probability of finding at least one significant correlation in random data is increased by a factor of ten
(Holm, 1979). The maximum false positive error rate is maintained by the requiring multiple rejections
of H0 in any given set of ten comparisons rather than applying the so called Bonferroni Adjustment
(Armstrong, 2014) (Moran, 2003) (Garamszegi, 2006).
For the annual time scale, emissions is set to EJ for the Jth year and atmospheric accumulation is
computed as 2.12*(CJ-CJ-1). Here EJ is fossil fuel and cement emissions in gigatons of carbon equivalent in
the Jth year and CJ is average atmospheric CO2 concentration for the Jth year denoted in parts per million.
This work represents an update and further study of the relationship between fossil fuel (and cement
production) emissions and atmospheric accumulation of carbon dioxide presented in prior studies
(Munshi, Responsiveness of Atmospheric CO2 to Anthropogenic Emissions: A Note , 2015) (Munshi,
Responsiveness of Atmospheric CO2 to Fossil Fuel Emissions: Part 2, 2016) (Munshi, Some
Methodological Issues in Climate Science, 2016). All data and computational details used in this study
are available in an online data archive (Munshi, 2017 Atmospheric CO2 paper Data Archive, 2017).
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3. DATA ANALYSIS
Figure 3: Annualized summary of Mauna Loa Insitu weekly mean CO2 data 1958-2016
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Annual means of the weekly mean insitu atmospheric CO2 data provided by Scripps are tabulated in
Figure 3. The listed variables are MEAN = annual mean of the reported atmospheric carbon dioxide
values, STDEV = their standard deviation, N = number of values reported that year, SE = the standard
error of the mean, SIM-MEAN = Monte Carlo simulation of the mean that captures uncertainty implied by
the standard error, EMISSIONS = fossil fuel and cement carbon dioxide emissions reported as gigatons of
carbon equivalent per year (GTC), SIM-INCREASE = annual accumulation of CO2 in the atmosphere
computed from the SIM-MEAN column as this year’s CO2 level minus previous year’s CO2 level and
converted to GTC, DETEMIS = detrended emissions, and DETINCR = detrended annual CO2 accumulation.
Values in the two SIM columns will be different for each simulation. Ten different Monte Carlo
simulations are used and the correlation between SIM-INCR and EMISSIONS and that between DETINCR
and DETEMIS are computed for each simulation and tested for statistical significance at α=0.001 per
comparison. Results for the time span of 1958-2016 and time scale of one year are tabulated in Figure 4
where CORR refers to the correlation between the source data (SIM-INCREASE and EMISSIONS) and
DETCORR to the detrended correlation between DETINCR and DETEMIS. The eleven rows in the Table
represent eleven different simulations.
Figure 4: Detrended correlation analysis of Mauna Loa insitu CO2 data 1958-2016 at an annual time scale

The CORR columns in Figure 4 show strong statistically significant correlations for the source data in all
eleven simulations. The simulations capture the uncertainty in annual mean CO2 accumulation. The null
hypothesis H0: ρ≤0 is rejected in all eleven simulations. At the same time the DETCORR columns show a
complete failure to reject H0 for detrended correlations. A graphical representation of these results
appears in Figure 5. The combination of a correlation in the source data and absence of correlation at a
given time scale in the detrended series indicates that the correlation in the source data derives from a
shared long term drift in time and not from a relationship between their annual fluctuations net of long
term trend. These results show that the data do not provide evidence that EMISSIONS and SIM-INCREASE
are related at an annual time scale. This result is consistent with the findings in prior works (Munshi,
2015) and inconsistent with the IPCC carbon budget and the AGW hypothesis which assume that
observed increases in atmospheric CO2 derive from fossil fuel emissions (Le Quéré, 2009) (Canadell,
2007) (Solomon, 2009) (Hansen, 1981) (IPCC, 2000) (IPCC, 2014).
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Figure 5: Graphical representation of detrended correlation analysis of Mauna Loa data 1958-2016 at an annual time scale

We now look at the same data for two additional time spans for ease of comparison with the dataset of
global flask CO2 measurements. Figures 6&7 summarize the results for the time span 1967-2015 and
Figures 8&9 show results for the span 1981-2015. The time scale is annual in both cases. The time for
emissions to become well mixed in the atmosphere is thought to be one year (Bousquet, 2000).
For the span 1967-2015 (Figures 6&7), strong evidence of correlation is found in the source data but no
correlation can be detected in the detrended series. As we did for the full span 1958-2015, we conclude
that correlation in the source data derives from long term trends and not from correspondence in year
to year fluctuations. Somewhat different results are seen for the span 1981-2015 (Figures 8&9). No
statistically significant correlation is found in the detrended series or in the source data. These data also
fail to provide evidence in support of the IPCC carbon budget that relates changes in atmospheric CO2 to
fossil fuel emissions at an annual time scale.
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Figure 6: Detrended correlation analysis of Mauna Loa insitu CO2 data 1967-2015 at an annual time scale

Figure 7: Graphical representation of detrended correlation analysis of Mauna Loa data 1967-2015 at an annual time scale
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Figure 8: Detrended correlation analysis of Mauna Loa insitu CO2 data 1981-2015 at an annual time scale

Figure 9: Graphical representation of detrended correlation analysis of Mauna Loa data 1981-2015 at an annual time scale
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Figure 10: Annualized summary of 102,517 discrete flask measurements of atmospheric CO2 globally 1967-2015

Atmospheric CO2 data from the twenty three stations listed in Figure 2 are summarized in Figure 10.
These data are studied for detrended correlation with fossil fuel emissions for two different time spans.
These are the full time-span in the data of 1967-2015 and a period of greater data availability in the time
span 1981-2015. Data are sparse for the period prior to 1981. The difference in data availability may
introduce heteroskedasticity into the full span time series (Baltagi, 1985).
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Figure 11: Detrended correlation analysis of global flask CO2 data 1967-2015 at an annual time scale

Figure 12: Graphical representation of detrended correlation analysis of global flask data 1967-2015 at an annual time scale
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Figure 13: Detrended correlation analysis of global flask CO2 data 1981-2015 at an annual time scale

Figure 14: Graphical representation of detrended correlation analysis of global flask data 1981-2015 at an annual time scale
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The results of detrended correlation analysis of global flask CO2 measurements for the full span of the
data 1967-2015 are summarized in Figures 11&12. As in Figures 8&9, we find that although the
correlation in the source data appears to be higher than that in the detrended series, no statistically
significant correlation is found in either series at the maximum false positive error rate of α=0.001 per
comparison used in this study. However, for the shorter time span of 1981-2015 (Figures 13&14) where
data availability is more uniform across the study period (Figure 1), the source data correlations are
much higher and here we see the results similar to those depicted in Figures 4&5 (Mauna Loa 19582016) and Figures 6&7 (Mauna Loa 1967-2015) with a strong correlations in the source data that goes
away when the data are detrended.
In all of the above cases, the absence of correlation in the detrended series fails to provide empirical
support for the usual carbon budget hypothesis that emissions drive changes in atmospheric CO2. In
cases where the a correlation is found in the source data, its absence in the detrended series indicates
that the source data correlation derives from a shared drift in time and not from shared fluctuations at
the specified time scale that is prerequisite to a causation hypothesis (Podobnik, 2008) (Chatfield, 1989).
These results are consistent with findings in prior works that also found no empirical evidence that
changes in atmospheric CO2 are driven by fossil fuel emissions at an annual time scale (Munshi, 2015)
(Munshi, 2016). All data and computational details are available in a data archive (Munshi, 2017).
4. CONCLUSIONS
A key relationship in the theory of anthropogenic global warming (AGW) is that between annual fossil
fuel emissions and annual changes in atmospheric CO2. The proposed causation sequence is that annual
fossil fuel emissions cause annual changes in atmospheric CO2 which in turn intensifies the
atmosphere’s heat trapping property. It is concluded that global warming is due to changes in
atmospheric composition attributed to human activity and is therefore a human creation and that
therefore we must reduce or eliminate fossil fuel emissions to avoid climate catastrophe (Parmesan,
2003) (Stern, 2007) (IPCC, 2014) (Flannery, 2006) (Allen, 2009) (Gillett, 2013) (Meinshausen, 2009)
(Canadell, 2007) (Solomon, 2009) (Stocker, 2013) (Rogelj, 2016).
A testable implication of the proposed causation sequence is that annual changes in atmospheric CO2
must be related to annual fossil fuel emissions at an annual time scale. This work is a test of this
hypothesis. We find that detrended correlation analysis of annual emissions and annual changes in
atmospheric CO2 does not support the anthropogenic global warming hypothesis because no evidence
is found that changes in atmospheric CO2 are related to fossil fuel emissions at an annual time scale.
These results are consistent with prior works that found no evidence to relate the rate of warming to
the rate of emissions (Munshi, The Correlation between Emissions and Warming in the CET, 2017)
(Munshi, Long Term Temperature Trends in Daily Station Data: Australia, 2017) (Munshi, Generational
Fossil Fuel Emissions and Generational Warming: A Note, 2016) (Munshi, Decadal Fossil Fuel Emissions
and Decadal Warming: A Note, 2015) (Munshi, Effective Sample Size of the Cumulative Values of a Time
Series, 2016) (Munshi, The Spuriousness of Correlations between Cumulative Values, 2016).
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The finding raises important questions about the validity of the IPCC carbon budget which apparently
overcomes a great uncertainty in much larger natural flows to describe with great precision how flows
of annual emissions are distributed to gains in atmospheric and oceanic carbon dioxide (Bopp, 2002)
(Chen, 2000) (Davis, 2010) (IPCC, 2014) (McGuire, 2001). These carbon budget conclusions are
inconsistent with the findings of this study and are the likely result of insufficient attention to
uncertainty, excessive reliance on climate models, and the use of “net flows” (Plattner, 2002) that are
likely to be subject to assumptions and circular reasoning (Edwards, 1999) (Ito, 2005) (Munshi, 2015a)
(Munshi, 2016) (Munshi, An Empirical Study of Fossil Fuel Emissions and Ocean Acidification, 2015).
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