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Guiot and de Vernal (2011) comment on three of our papers,
Telford and Birks (2005, 2009) and Telford (2006), that concern
the implications of spatial autocorrelation for quantitative palaeoe-
cological transfer functions. Here we show that (1) they do not
address the central predictions of these papers, (2) they test
a prediction based on a misrepresentation of our work, (3) they
mis-state the assumptions of the methods they use, and (4) they
incorrectly interpret their results.

Telford and Birks (2005) alerted users of quantitative palaeoeco-
logical methods that the cross-validation performance of transfer
functions could be biased by spatial autocorrelation. They used
simulations to demonstrate that random spatially autocorrelated
variables could apparently be reconstructed with high precision
using conventional transfer function methods. Telford and Birks
(2009) developed this demonstration into a test of the statistical
significance of transfer functions: only transfer functions that have
better performance than most transfer functions using random
environmental data with the same spatial structure as the variable
of interest can be considered statistically significant (see Telford
and Birks (2011a) for complementary statistical significance tests
for reconstructions). Telford (2006) focused on the dinocyst-based
reconstructions of de Vernal et al. (2005) in an attempt to find alter-
native explanations for the surprising reconstruction of warmer
thanmodern sea-surface temperatures in theNorwegian Sea during
the Last Glacial Maximum.

Guiot and de Vernal (2011) believe that ourworkwas initiated by
the difference between the performance statistics of the modern
analogue technique (MAT) and weighted averaging partial least
squares (WAPLS). This is not so. Rather, Telford and Birks (2005)
weremotivated byadesire to test howsevere the problems of spatial
autocorrelation in ecological data outlined by Legendre (1993) were
for palaeoecological methods. The comparison between MAT and
WAPLS occupies only a few lines in each of the papers and is not
necessary to demonstrate the effect of spatial autocorrelation on
MAT. Contrary to Guiot and de Vernal (2011), our claim that “spatial
autocorrelation leads to the identification of close geographical (and
environmental) analogues, even in the case of weak relationships
between the proxy and the environmental parameters” is not based
on the relative performanceofMATandWAPLS. It is based onadirect
examination of the geographical distribution of analogues, and on
a test of the performance of transfer functions with simulated
spatially autocorrelated variableswhich have no ecologicalmeaning
but still appear possible to reconstruct with MAT.

Beginning with this misunderstanding, Guiot and de Vernal
(2011) appear to assume that the relative performance of MAT
0277-3791/$ – see front matter � 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.quascirev.2011.07.019
and WAPLS is a central prediction of our papers on spatial autocor-
relation and that if they can prove that WAPLS does not outperform
MAT they have demonstrated that spatial autocorrelation is not an
issue for transfer functions. In reality, the central prediction of our
papers is that variables with little or no ecological relevance will
appear possible to reconstruct and the uncertainties of reconstruc-
tions will be underestimated. This was demonstrated by Telford
and Birks (2005) with simulated environmental data. Guiot and
de Vernal (2011) do not address this central argument, focussing
entirely on the secondary issue of the relative performance of
MAT versus WAPLS.

The prediction that Guiot and de Vernal (2011) make regarding
the relative performance of MAT and WAPLS is not consistent with
the arguments of any of our papers and cannot be derived from
them. We have consistently argued that the performance of MAT
in spatially autocorrelated environments is over-estimated,
whereas WAPLS is more robust and its performance less overopti-
mistic. For example, Telford and Birks (2005) found that with
conventional cross-validation, MAT greatly outperformed WAPLS,
but when a spatially independent validation set is used the perfor-
mance of all methods is roughly equal. Similarly, Telford and Birks
(2009) found that with leave-one-out cross-validation, MAT out-
performed WAPLS, but with h-block cross-validation the perfor-
mance is similar, with WAPLS outperforming MAT in some cases.
Contrary to statements in Guiot and de Vernal (2011), none of our
papers have claimed that WAPLS should outperform MAT, only
that their performance should be similar, as they are in palaeolim-
nological data-sets with little autocorrelation. We therefore do not
subscribe to the prediction of Guiot and de Vernal (2011) that
WAPLS should outperform MAT in a spatially independent valida-
tion set. This prediction is based on amisrepresentation of our posi-
tion, and it is a fallacy to claim that falsifying this prediction falsifies
the work of Telford and Birks (2005, 2009) and Telford (2006). A
prediction that could legitimately be derived from Telford and
Birks (2005, 2009) is that the performance of the two methods
will be roughly equal when using an independent validation set,
that MAT will greatly outperform WAPLS with conventional
cross-validation, and that WAPLS under cross-validation will be
only slightly better than with a validation set.

Despite their arguments to the contrary, the results of Guiot and
de Vernal (2011) are entirely consistent with our prediction that
MAT performance deteriorates markedly when it is prevented
from using spatially close analogues, whereas WAPLS and other
methods that find a global relationship between species and the
environment are only affected slightly. Their table 2 shows that,
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for winter sea-surface temperatures with a 1000 km threshold, the
RMSEP for MAT is about 7 times larger in the validation set than in
the calibration set. TheWAPLS RMSEP is only 1.1 times larger in the
validation set. In the validation set, MAT appears to perform much
better than WAPLS; the difference is muted in the calibration set.
This pattern of MAT performance being much worse for the valida-
tion set than for the calibration set is repeated for all variables. This
result is partially acknowledged by Guiot and de Vernal (2011) who
note that the validation RMSEP is markedly higher than the calibra-
tion set RMSEP, but neglect to mention that this is true only for
MAT. The extreme difference between the performance of MAT in
the calibration and validation set is partly due to the spatial auto-
correlation induced by the spatial smoothing introduced by Guiot
and de Vernal (2011). The inherent autocorrelation in the raw
data will cause a qualitatively similar response.

Rather than examining a single arbitrarily chosen region, or a few
randomly chosen observations as a validation set, we prefer to show
the influenceof spatial autocorrelationontherelativeperformanceof
MAT and WAPLS using h-block cross-validation (Telford and Birks,
2009). This is a modified version of leave-one-out cross-validation,
where the test observation is predicted from all the remaining obser-
vations except thosewithin h-km of the test set.We ran this analysis
withdifferent sizedneighbourhoods to test the sensitivityofMATand
WAPLS performance to spatially close observations in the North
Atlantic training set usedbyGuiot anddeVernal (2011). These results
(Fig.1) show thatwith very small neighbourhoods, almost equivalent
to leave-one-out cross-validation, MAT performs much better than
WAPLS. As the neighbourhood is increased in size, both methods
Fig. 1. Plot showing effect of the neighbourhood size on dinocyst transfer function r2 for WA
deleting the same number of neighbours in environmental space is shown by triangles. In
perform worse, but MAT gets worse faster, and the methods have
approximately equal performance for neighbourhoods of about
300 km radius. This loss of performance could be due to either the
declining influence of spatial autocorrelationwith increasing neigh-
bourhood, or due to the loss of environmentally similar analogues
(which would be more severe for MAT as this is a local method).
Weguardagainst this latterpossibilitybyevaluating theperformance
of MAT and WAPLS while excluding environmental rather than
spatial neighbourhoods, omitting the same number of observation
as were omitted in h-block cross-validation. In every case, removing
observations from the spatial neighbourhood degrades performance
more than removing the same number of observations from an envi-
ronmental neighbourhood, demonstrating that spatial autocorrela-
tion is responsible for the high performance in MAT under leave-
one-out cross-validation.

An alternative, more powerful, demonstration of the effect of
spatial autocorrelation on transfer functions is the cross-validation
performance of transfer functions with simulated environmental
variables that have the same spatial autocorrelation as the observed
variable (Telford and Birks, 2009). Spatially autocorrelated random
variables can be generated using Gaussian unconditional simula-
tion, with the degree of autocorrelation determined by a variogram
model fitted to the observed data. If the transfer functions were
robust to spatial autocorrelation, the expected r2 between the pre-
dicted and simulated environmental variable would be near zero.
Fig. 2 shows that this is not the case for the dinocyst-summer sea
surface salinity reconstruction. The median r2 for the simulated
environmental variable using MAT is 0.49, but only 0.25 using
PLS (solid circles) and MAT (open circles) for four environmental variables. The effect of
all cases, WAPLS uses three components, and MAT five analogues.
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Fig. 2. a) Variogram of summer sea surface salinity with fitted spherical variogram
model. b) histogram of the r2 of transfer functions for 100 simulated environmental
variables with the same spatial autocorrelation as summer sea surface salinity using
MAT, and c) WAPLS. The vertical lines show the r2 of transfer functions fitted to the
observed salinity data.
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WAPLS. TheMATmodel is not statistically significant as 10out of 100
trials have an r2 larger than the r2 for the observed variable. In
contrast, the WAPLS model is statistically significantly better than
the null distribution. So althoughWAPLS appears to performworse
than MAT, it performs better relative to the null model.

Guiot and de Vernal (2011) argue that WAPLS assumes a unimo-
dal distribution of sites in environmental space whereas MAT is not
sensitive to the distribution of sites. They provide neither a citation
for this assertion nor any supporting evidence. The effect of the
distribution of sites in environmental space was first investigated
by ter Braak and Looman (1986), who demonstrated that the effi-
ciency of weighted averaging (WA) for estimating species’ optima
and tolerances approaches that of Gaussian logit regression only
when the environmental gradient is evenly sampled. Telford and
Birks (2011b) recently extended this to show that the cross-
validation performance of maximum likelihood regression and cali-
bration is little affected by the distribution of sites in environmental
space. With weighted averaging methods, the root mean squared
error of prediction (RMSEP) is biased if the environment is
unevenly sampled with the RMSEP being slightly lower for the cali-
bration set than for an evenly sampled validation set. Telford and
Birks (2011b) show that for MAT, the bias in the RMSEP is much
greater. Thus, neither the assertion of Guiot and de Vernal (2011)
that WAPLS assumes a unimodal distribution of sites, nor the asser-
tion that MAT is unaffected by the distribution of sites is correct.

The claim made by Guiot and de Vernal (2011) that transfer
function residuals should not have spatial structure is erroneous.
If the environmental variable of interest is spatially autocorrelated
and secondary, nuisance, variables are also spatially autocorrelated
then the transfer function residuals should reflect the autocorrela-
tion in the nuisance variables. Only if an autoregressive term is
added to the model that explicitly accounts for the spatial autocor-
relation in nuisance variables should there be no spatial structure in
the residuals (Lichstein et al., 2002). If the transfer function resid-
uals are not spatially autocorrelated, it implies that the model has
inappropriately internalised the extra spatial structure in the
nuisance variables (Telford and Birks, 2005). This is a type of over-
fitting which will appear to improve model performance, but make
predictions worse.

Guiot and de Vernal’s (2011) analysis is predicated on the envi-
ronmental variables they attempt to reconstruct being statistically
and ecologically significant predictors of dinocyst assemblages.
This is disputed by ecologists within the dinocyst community
(Dale,1996, 2001). It is, for example, unlikely that the overwintering
cysts of coastal dinoflagellates resting on the sea sediment are
directly sensitive to the conditions in winter at the sea surface,
tens to hundreds of metres above them. Precise reconstructions of
salinity also appear unlikely given the broad salinity tolerances of
many dinoflagellate taxa. Telford and Birks (2009) demonstrated
that the performance of dinocyst-summer salinity transfer func-
tionswas no better than expected froma null distribution of a simu-
lated environmental variable with the same spatial autocorrelation
as summer salinity, a conclusion we have confirmed above for the
North Atlantic portion of the dinocyst training set.

The problems presented by autocorrelation for data analysis
were first realised by Francis Galton in 1889 (Eff, 2004), and the first
methods to eliminate the spurious correlation due to position in
time or space were introduced by Student (1914). Since then, it
has been realised, occasionally with resistance (Ember, 1971;
Loftin, 1972), that autocorrelation can artificially reduce uncer-
tainties in any branch of statistics where data are either spatially,
temporally or phylogenetically structured (Cliff and Ord, 1981;
Legendre, 1993). There is no reason to presume that quantitative
palaeoenvironmental reconstructions are somehow immune from
a problem that effects all other areas of statistics.

Guiot and de Vernal (2011) conclude that with MAT there is no
need to perform an independent verification and that the cross-
validation performance of MAT is not over-estimated. This conclu-
sion cannot be sustained due to their selection of an inappropriate
test, the misinterpretation of their results, and their disregard of
a century of developments in statistical theory.

We reject the apparent insinuation that we are engaging in
a sterile debate, unnecessarily causing confusion in the scientific
community and discrediting the progress made by scientists.
Given the increasing political importance of palaeoclimate recon-
structions (Jansen et al., 2007) it is essential that the palaeocli-
mate community is self-critical (e.g., Velle et al., 2010). If the
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community is content to condone poor statistical practice, it
should brace itself for strident criticism from outside the scientific
community.
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