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Spurious correlation
We thank Lasslop et al. (2010) for their remarks and interest,
and appreciate the opportunity to clarify our manuscript.
Hopefully this attention will increase awareness of the issue of
self-correlation in the CO2 flux community. There is currently a
revival of the long-known concerns about self-correlation in the
turbulence and boundary-layer community. Anderson (2009)
suggests that because the degree to which self-correlation affects
regression relationships is not simple to calculate in all cases,
techniques that avoid the problem are preferred.

Self-correlation (Hicks, 1978; Klipp and Mahrt, 2004; Baas et al.,
2006; Toba et al., 2008) has also been referred to as spurious
correlation (Pearson, 1897; Kenney, 1982; Kenney, 1991; Jackson
and Somers, 1991; Aldrich, 1995; Brett, 2004), spurious inference
or faulty inference (Prairie and Bird, 1989) and as the shared
variable problem in the statistics literature (see additional
references in Vickers et al., 2009). It arises when one group of
variables is plotted against another, and the two groups have one
or more variables in common. For example, xþ y and x are self-
correlated because they share the common variable x. The degree
of self-correlation is proportional to the ratio of the variances of the
shared to the unshared variable. The relationship between the
orientation of the self-correlation and of the true physical
correlation is important. Depending on this relationship, self-
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correlation can be large or negligible. When the self-correlation is
the same sign as the expected correlation and large enough, it can
lead to false confidence in hypothesis testing. For variables
suffering from self-correlation, the coefficient of determination
is not directly related to the quality of the data or to the validity of
the relationship being considered.

Vickers et al. (2009) evaluated the self-correlation between
assimilation (GEP) and respiration (ER) caused by the shared
variable problem that arises when using the standard method of
partitioning the measured net CO2 flux (NEE) from eddy-
covariance measurements into its two components: GEP and ER.
The standard method fits the temperature dependence of ER
(nocturnal NEE) using night-time measurements only (when GEP
is zero) and then applies the model to daytime NEE data. The
shared variable problem arises because the estimates of GEP
(=NEE-ER) and ER have a shared explicit dependence on ER. This is
because GEP is not measured but instead is calculated as a residual
to balance the budget. We showed that strong correlation can be
found between GEP and ER even when the measurements of NEE
and the model of ER are replaced with their random permutations
(Fig. 1). Any relationships or correlations found based on the
random permutations have no physical meaning and can only be
due to the shared variable. This is what we and others have called
self-correlation.

The important point is that random uncorrelated permutations
of the observations can lead to a strong correlation between GEP
and ER. This naturally raises the question: does the correlation
significantly increase when using the real observations instead of
the artificial data? If the answer is no (e.g., Fig. 1), we contend that a
real correlation cannot be demonstrated based on the observations
and the flux partitioning method. In such a case, most of the
observed correlation is meaningless, even though it may be large,
and even though a real correlation of the same sign is expected
based on eco-physiological arguments. For the forest site we
studied using our Method II day-night partitioning, we found that
approximately one-half of the observed variance of GEP explained
by ER was due to the shared variable problem.

The comment by Lasslop et al. argues that the approach used by
Kenney (1982); Klipp and Mahrt (2004); Vickers et al. (2009) and
others (see references in Vickers et al., 2009), over-estimates the
self-correlation due to the shared variable problem because NEE is
not an ‘‘original’’ variable, but rather consists of two distinct
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Fig. 1. Daily-averaged respiration (ER) as a function of assimilation (-GEP) for (a) the

real observed NEE data and (b) one realization of the random permutations. The

lower panel shows strong correlation even when replacing the real observations

with their random permutations. The correlation in the lower panel has no physical

meaning and is what we refer to as self-correlation due to the shared variable

problem.
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components: Reco and GPP (ER and GEP, respectively using our
nomenclature). We contend that NEE is the measured variable and
GEP and ER are derived variables.

The comment states ‘‘. . . Reco is not part of GPP.’’ This appears to
be a contradiction since GPP is defined as NEE-Reco. Because GPP is
calculated as a residual, it has a direct dependence on NEE and
Reco, and GPP and Reco have a shared variable. The comment uses
the same argument (flawed in our opinion) to explain why they
feel that the correlation between liver weight and total body
weight minus liver weight is not spurious as liver weight is ‘‘not
part of’’ total body weight minus liver weight.

The comment states that we over-estimate the self-correlation
because we use the whole variance of ER. We can find no
justification for this argument in their comment or in the literature.
If our methodology overestimates the self-correlation, as sug-
gested by the comment, that leads to the highly counter intuitive
result that random permutations of the observations (artificial
data) can lead to ‘‘real’’ (meaningful) correlation. We contend that
because the random permutations no longer retain any real
connections between GEP and ER, the correlation computed from
such series has no physical meaning.

We agree that the variance of NEE will be reduced as the
covariance between GEP and ER increases if the other terms are
held constant, and this is what one would anticipate when thinking
in eco-physiological terms, however, we do not see how this
relates to the shared variable problem. In their Eq. (1) they have not
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accounted for the fact that GEP is not independent, but is defined as
a residual (NEE-ER). The comment describes their experiment that
generated artificial data where GEP and ER are normally
distributed random variables with varying variances of GEP and
varying correlation between the two. Based on this experiment,
they concluded that the correlation between GEP and ER is
completely real. We agree that the imposed correlation can be
considered ‘‘real’’ in this case but we fail to see the relevance of this
different problem to the one we have discussed. When there is no
shared variable, there is no self-correlation due to the shared
variable problem. With no self-correlation, all the observed
correlation is real.

The comment states that our method ‘‘shows high values for the
artificial correlation even if GPP and Reco are in fact uncorrelated’’.
We do not understand this comment. We calculate the artificial
correlation as the correlation between GEP and ER when using
fabricated NEE data. If GEP and ER are uncorrelated based on the
fabricated NEE, then the artificial correlation is zero.

Regarding Eqs. (2–4) in the comment, measurement errors are
not a necessary condition for self-correlation as we and others have
defined it based on the shared variable problem. However, there is
similarity between our artificial data experiment and imposing
measurement error. This is a distinction that may be open to
interpretation. Baas et al. (2006) suggested that the impact of self-
correlation can be investigated by imposing errors on the common
variables. In such a case, the magnitude of the self-correlation will
depend on the details of how the errors are imposed. Baas et al.
(2006) referred to our artificial data approach as an alternate
method for examining the self-correlation.

A possible solution for self-correlation in the CO2 flux
partitioning example is to combine independent estimates of ER
and GEP. However, we contend that there is no reliable way to
measure GEP using eddy-covariance measurements, and that
therefore self-correlation between GEP and ER is unavoidable
when dealing with the observations. The situation is less clear
when models or combinations of models and observations are
employed to describe the fluxes, where the self-correlation will
depend on the model details. If both of the CO2 flux components
and the net flux could be measured, then the imbalance in the
budget could be studied, as for example with the surface heat
budget, where net radiation drives sensible heat flux, latent heat
flux and soil heat flux. In the surface heat budget, all the terms can
be directly measured and are independent, and there is no self-
correlation. However, in the CO2 budget, GEP is calculated as a
residual to balance the budget and thus has a direct imposed
dependence on the other terms in the budget.

Although not mentioned in their comment, we note that our
estimates of the real correlation (see Tables 1–2 in the manuscript)
are not rigorously determined. Following Klipp and Mahrt (2004)
and others, we take the difference between the variance explained
by the real observations and the variance explained by random
permutations of the observations as an estimate of the variance
explained by real underlying processes.

As we stated in Vickers et al. (2009) (see abstract and
conclusions), we do not argue against a true strong correlation
between GEP and ER based on eco-physiological considerations.
We do argue that one cannot quantify the true correlation using
eddy-covariance flux measurements and standard flux partition-
ing methods without accounting for the self-correlation that arises
from the shared variable problem.
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