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ABSTRACT

Smerdon et al. report two errors in the climatemodel grid data used in previous pseudoproxy-based climate

reconstruction experiments that do not impact the main conclusions of those works. The errors did not occur

in subsequent works and therefore have no impact on the results presented therein. Results presented here for

the Climate System Model (CSM) using multiple pseudoproxy noise realizations show that the quantitative

differences between the incorrect and corrected results are within the expected variability of the noise re-

alizations. It should also be made clear that the climate reconstruction method used in Smerdon et al. to

illustrate the nature of the errors, the Regularized ExpectationMaximization method with Ridge Regression

(RegEM-Ridge), is known to produce climate reconstructions with considerable variance loss and has been

superseded by RegEM-TTLS (TTLS indicates truncated total least squares).

Smerdon et al. (2010) describe two technical errors in the

model grid data used inMann et al. (2005, 2007a). They are

correct in the discovery of these errors.Wewish to confirm

that the errors did not occur in subsequent publications and

that the main conclusions of Mann et al. (2007a), which

supersedes Mann et al. (2005), are not impacted.

First, Mann et al. (2005) used the Regularized Ex-

pectation Maximization method with Ridge Regression

(RegEM-Ridge) as a regularization method. RegEM-

Ridge has been shown to suffer from a loss of variance

when reconstructing the hemispheric mean (F. Zwiers

and T. Lee 2006, personal communication; Mann et al.

2007a,b; Smerdon and Kaplan 2007; see also Lee et al.

2008), which is not the case with RegEM-TTLS (TTLS

stands for truncated total least squares, used for regu-

larization). This ledMann et al. (2007a) and others (e.g.,

Riedwyl et al. 2009) to abandon RegEM-Ridge in favor

of the TTLS implementation of RegEM. This being the

case, we will confine our comments toMann et al. (2007a).

However, it is important that the reader recognize that

Smerdon et al. (2010) used RegEM-Ridge and that the

results shown in their Fig. 5a show the expected variance

loss of a RegEM-Ridge reconstruction, whereas RegEM-

TTLS reconstructs the target series with little to no var-

iance loss (Fig. 1; Table 1).
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Smerdon et al. (2010) address two issues with GCM

field data used in Mann et al. (2007a). The first relates to

the GKSS model field. In a previous comment/reply

sequence (Smerdon et al. 2008; Rutherford et al. 2008),

the method used to interpolate the GKSS model field to

a resolution commensurate with the instrumental record

was changed from that of Mann et al. (2007a) to address

an issue with the hemispheric mean. Unbeknownst to us

at the time, the changes made to implement the revised

interpolation scheme must also have corrected the issue

of incorrect longitude orientation of the model field and

subsequent pseudoproxy locations raised in Smerdon

et al. (2010), as that issue does not exist in the data used in

Rutherford et al. (2008). Thus, issues with the GKSS field

identified by Smerdon et al. existed inMann et al. (2007a)

but not in subsequent works, including Rutherford et al.

2008.

The second issue relates to the incorrect longitudes

for the interpolated Climate SystemModel (CSM) field.

The authors have correctly identified an error that oc-

curred in the process of converting the CSM field into

a format consistent with the available instrumental data

so that an instrumental-data mask could be applied. As

Smerdon et al. point out, this error does not impact the

qualitative conclusions drawn from the results and de-

scribed in Mann et al. 2007a (cf. Fig. 1). The global field

was still reasonably sampled with the correct latitudinal

distribution of pseudoproxy locations. Comparing the

CSM results using the incorrectMann et al. (1998) proxy

locations and the corrected locations with the full field

(Table 1) indicates that the method produces similar

results using different proxy networks as long as the field

is adequately sampled.

As an additional example, replicate analyses using the

full model field to 708N, corrected longitude values, and

30 different pseudoproxy realizations with 104 pseudo-

proxies coupled with a 1900–80 calibration period and

a signal-to-noise ratio of 0.4 produce a NH mean reduc-

tion of error (RE) (Cook et al. 1994) score of 0.936 0.06

(mean 6 two standard deviations), a Northern Hemi-

sphere (NH) mean coefficient of efficiency (CE) (Cook

et al. 1994) score of 0.456 0.25, a meanmultivariate RE

score of 0.33 6 0.08, and a CE score of 20.07 6 0.14.

These scores are consistent with the scores reported in

FIG. 1. Corrected Northern Hemisphere mean reconstructions for both the (a) GKSS

and (b) CSM (Rutherford et al. 2010) model fields, respectively (20-yr smoothed). Note that

RegEM-TTLS faithfully reconstructs the target series with little to no variance loss, especially

at the important multidecadal and longer time scales. To facilitate comparison, series for both

models are calculated over all grid boxes between 08 and 708N. The results shown are for 104

white-noise pseudoproxies with a signal-to-noise ratio of 0.4 and a 1900–80 calibration period.
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Mann et al. (2007a) (see their supplementary Fig. 5) for

multiple noise realizations (average scores for three

replicates of 0.93, 0.54, 0.34, and 0.01, respectively).

Smerdon et al. further note that the Ni~no-3 results

shown inMann et al. (2007a) are incorrect as they do not

represent the Ni~no-3 region. Since Mann et al. (2007a),

an extensive evaluation of RegEM-TTLS in tropical

Pacific sea surface temperature (SST) reconstructions

has been conducted using updated proxy networks, cali-

bration periods, and methods (for both pseudoproxy and

real-proxy contexts) (Emile-Geay et al. 2013a,b).

It should also be made clear to the reader that later

publications, Mann et al. (2009; see their supplementary

Table S2), Rutherford et al. (2010), and Schmidt et al.

(2011), which used the CSM field, do not suffer from the

longitude problem associated with conversion to a for-

mat consistent with the available instrumental data be-

cause there was no attempt to apply such a data mask.

The results of these subsequent works show the general

results and conclusions of Mann et al. (2007a) to be

robust (cf. Table 1) and use updated calibration in-

tervals and/or revised methods (Mann et al. 2009;

Rutherford et al. 2010).

Finally, the discovery of these errors illustrates the

importance of mapping/plotting each stage of data con-

versions to identify errors when they occur. By the time

one plots the resulting mean series, errors in the regrid-

ding are hidden. Furthermore, even amap of the inverted

CSM longitudes for a particular year looks reasonable

and illustrates the importance of independent checks on

the actual code used.
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TABLE 1. Comparison of verification scores for incorrect and

correct (boldface) reconstructions (shown in Fig. 1) for both the

GKSS and CSM fields. To facilitate comparison, corrected verifi-

cation scores for both models are calculated over all grid boxes

between 08 and 708N. Results are shown for white noise, signal-to-

noise ratio of 0.4, the 1900–80 calibration period, the 850–1855

verification period for CSM, and the 1000–1855 verification period

forGKSS.Additional correct results and discussion can be found in

Mann et al. (2009, see their supplemental Table S2) and

Rutherford et al. (2010). The ‘‘NH mean’’ scores are for the

Northern Hemisphere mean series and ‘‘Multivariate’’ indicates

spatiotemporal scores calculated on all grid boxes over the verifi-

cation period. Data are from Mann et al. 2007a (rows 1 and 3) and

this study (rows 2 and 4); RE is reduction of error and CE is co-

efficient of efficiency (Cook et al. 1994).

Model

NH mean

RE

NH mean

CE

Multivariate

RE

Multivariate

CE

GKSS 0.94 0.93 0.68 0.46

GKSS 0.96 0.84 0.32 20.09

CSM 0.95 0.67 0.36 0.04

CSM 0.96 0.70 0.35 20.04
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