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The SI contains a description of (1) the derivation of the benchmark data sets, (2) the modelling protocol used in 17 

PMIP2 and CMIP5 simulation, (3) the processing of model output, (4) the metric statistics, and (5) tables 18 

summarizing the metrics for each time period and model. 19 

 20 

1. Derivation of Benchmark Data Sets 21 

1.1. Bioclimatic variables over land: Bartlein et al. (2011) 22 

There has been a long history of making quantitative climate or bioclimate reconstructions using pollen and plant 23 

macrofossil data (Webb and Bryson 1972; Bartlein et al. 1984; Overpeck et al. 1985; Bartlein et al. 1986; Huntley 24 

and Prentice 1988), using different statistical methods and inverse modelling. Bartlein et al. (2011) provide a global 25 

synthesis by combining and gridding existing regional data sets available for the Mid-Holocene (MH, ca 6000 yr 26 

BP) and Last Glacial Maximum (LGM, ca 21,000 yr BP). The original data were screened by applying age-selection 27 

and statistical outlier criteria. Bartlein et al. (2011) includes reconstructions of six variables: (1) mean temperature of 28 

the warmest month (MTWA), (2) the accumulated temperature sum during the growing season (growing degree 29 

days above a baseline temperature for the growth of woody plants of 5°C: GDD5), (3) mean temperature of the 30 

coldest month (MTCO), (4) mean annual temperature (MAT), (5) mean annual precipitation (MAP) and (6) the ratio 31 

of actual to equilibrium evapotranspiration (α). Analyses of these data in the original Bartlein et al. (2011) paper 32 

have shown that methodological uncertainties have little impact on the reconstructions: the reconstructed climate 33 

variables show large, spatially coherent patterns that are consistent with plausible responses to known climate 34 

forcing. Nevertheless, the dataset includes a quantified estimate of the combined uncertainties arising from data 35 
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resolution and sampling, age scale uncertainties, analytical uncertainties and calibration model uncertainty. To 36 

facilitate comparison with climate-model outputs, the original site-based reconstructions were re-gridded as 37 

anomalies on a regular latitude/longitude grid of 2° by 2° (comparable to the typical grid size of the models). The 38 

grid-cell anomaly value was obtained by simple averaging and grid-cell uncertainty is a pooled estimate of the 39 

standard error.  Gridding results in the creation of climate estimates for 715 cells (out of a possible 3,687 non-ice-40 

covered land cells) at MH and for 153 cells (out of a possible 3,618 non-ice-covered land cells) at LGM.  41 

 42 

1.2. Surface ocean reconstructions: the MARGO data set: MARGO Project Members (2009) 43 

Reconstructions of seasonal sea-surface temperatures (SSTs) and seasonal sea-ice cover at the LGM have been 44 

developed by the MARGO (Multiproxy Approach for the Reconstruction of the Glacial Ocean) project (Kucera et 45 

al. 2005) using biological and geochemical evidence from deep-sea sediments. MARGO initially produced data sets 46 

for different types of records and for different regions, with measurement and statistical uncertainties given for at 47 

each site. Different types of records give different information about surface ocean conditions: for example, 48 

foraminiferal assemblages can be analyzed statistically to yield seasonal variation in SSTs while alkenone data only 49 

provide a measure of mean annual sea-surface temperature. The various data sets were subsequently combined to 50 

provide gridded data sets of summer SST (SSTsum), winter SST (SSTwin), annual SST (SSTann) at 5° by 5° 51 

resolution, where summer is defined as July, August, September in the northern hemisphere and January, February, 52 

March in the southern hemisphere (and vice versa for winter). The gridded data sets were produced by averaging 53 

individual site-based reconstructions that fall into the same cell, weighted by an index of the reliability of each 54 

contributing reconstruction (MARGO Project Members 2009). Uncertainties are calculated from the calibration 55 

error of each proxy, weighted by an index based on dating quality, number of samples and the proxy reliability. This 56 

is aggregated with the standard deviation of climate estimations for all records in a grid cell, to provide an overall 57 

grid uncertainty.  58 

 59 

There are three data sets that provide reconstructions of some aspect of sea ice cover in MARGO. One simply 60 

estimates the extent of winter and summer sea ice based on foraminifer-based SST reconstructions exceeding 61 

specified threshold values (MARGO Project Members 2009). The diatom-based reconstructions for the Southern 62 

Ocean (Gersonde et al. 2005) include estimates of average concentration per month. The dinoflagellate data set for 63 

the North Atlantic (de Vernal et al. 2005) only provides the number of months per year with sea ice. We therefore do 64 

not attempt to use seasonal measures of sea ice for the model evaluations. The de Vernal et al. (2005) data set uses a 65 

sea-ice concentration threshold of 0.50 to distinguish ice-free from ice-covered states under present conditions, 66 

while the Gersonde et al. (2005) data set uses a concentration of 0.40 to translate concentration to months of 67 

coverage.  Gersonde et al, (2005) note that the ice limit is well matched by a concentration value between 0.40 and 68 

0.50, suggesting that any bias between the different thresholds used in these two studies will be minimal. We used a 69 

value of 0.40 to encode model simulations of sea-ice concentrations into months of sea-ice coverage (SInmon), 70 

which is consistent with the common definition (or approach) for translating concentration to months of coverage 71 

(Fowler et al 2004; Maslanik et al. 2011). Thus, the gridded sea ice data are expressed as the number of months with 72 
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sea ice cover >40% (SInmon); the change in the number of months at the LGM has been calculated based on a long-73 

term average (1971-2000) of modern observations of sea-ice cover from the HADISST data set (Rayner et al. 2003).  74 

 75 
 76 

1.3. Surface ocean reconstructions: the GHOST data set 77 

The GHOST (Global Holocene Spatial and Temporal Climate Variability) project has produced reconstructions of 78 

mean annual SST for the MH based on surface-dwelling planktonic foraminiferal Mg/Ca and alkenone 79 

measurements (Kim et al. 2004; Leduc et al. 2010).  Alkenone and Mg/Ca reconstructions are derived from 80 

empirical calibrations derived under controlled environmental conditions. Although several different calibrations are 81 

used for both the alkenone and Mg/Ca estimates, following the original authors, the uncertainty resulting from this is 82 

small.  The measurement error on individual reconstructions is generally estimated as about 1° C. To ensure 83 

compatibility with the MARGO dataset, we recalculated the uncertainties for the GHOST dataset, using the 84 

MARGO approach described above. The reconstructions are given for individual sites, and estimates of the 85 

uncertainties are also given. The MH time-slice reconstruction is based on averaged values of samples falling in 86 

the1000-year window around 6000 yr B.P. Anomalies are calculated relative to the average SST over the last 1000 87 

years. Gridded values on the 5° by 5° resolution ocean grid were obtained by simple averaging and grid-cell 88 

uncertainty is a pooled estimate of the standard error. 89 

 90 

1.4. Climate reconstructions from ice cores: Braconnot et al. (2012)  91 

Temperature changes at the LGM (defined as the interval between 20.5 to 21.5 ka, and expressed as anomalies with 92 

respect to the mean values of the last millennium) have been obtained from isotopic records, corrected for changes 93 

in sea-water isotopic composition, from five ice cores in East Antarctica (Vostok, EDC, EDML, TALDICE and 94 

Dome F). The estimates take into account the difference in ice-sheet elevation between the LGM and present. The 95 

temperature estimates are based on the use of the present-day isotope-temperature gradient (0.8 ‰ per °C for δ18O), 96 

and as a result of the ±0.1 ‰ change in slope at the LGM results in an uncertainty on the LGM estimates of ± 2°C. 97 

Corrections for colder LGM moisture sources (indicated by deuterium excess data) are only available for the EDC 98 

and EDML ice cores, but could reduce the magnitude of the reconstructed cooling at other sites by approximately 99 

1°C (Stenni et al. 2010). The most likely range of LGM Antarctic fixed-elevation temperature change, taking into 100 

account the differences between the estimates on individual cores (1.4°C), the use of the modern isotope-101 

temperature slope (2°C), the change in elevation (1°C) and moisture source effects (1°C), is –6°C to –10°C (57). In 102 

this compilation, we use the original reconstructed anomaly for each site with an error bar of ± 2°C (Table S1). 103 

 104 

1.5. Other quantitative climate reconstructions: Schmittner et al. (2011)  105 

Schmittner et al. (2011) compiled quantitative estimates from the literature of surface temperature anomalies for the 106 

LGM. Many of these sites are included in the data sets described above. However, there are five terrestrial sites and 107 

25 marine sites included in Schmittner et al. (2011) that are not available from other sources (Table S2).  These data 108 

have been included in our data sets for completeness.   109 

 110 
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1.6. Climate reconstructions from speleothems 111 
 112 
Calcium carbonate precipitates – speleothems – in limestone caves can provide precisely dated archives containing 113 

information about long-term climate variability (Fairchild et al. 2006; Fairchild and Treble 2009; Lachniet 2009). 114 

Significant contributions have been made by studies of stable isotope composition, trace elements, luminescent 115 

laminae and calcite fabrics of speleothems (mainly stalagmites). Interpretation requires information about site-116 

specific conditions. Monitoring of present-day speleothem-forming processes is an important tool (Tremaine et al. 117 

2011). Most commonly δ18O in speleothems is interpreted as reflecting δ18O composition of meteoric water, which 118 

in turn reflects surface temperatures (especially at high latitudes) and/or amount effects (especially in tropical 119 

oceanic sites and monsoon regions). However, other processes also influence the δ18O composition in precipitation, 120 

such as changes in atmospheric circulation patterns or in climate modes which may lead to changing 121 

temperature/δ18O relationship (Dayem et al. 2010; Pausata et al. 2011). Although the stable carbon isotope 122 

composition of speleothems has been regarded as more ambiguous than that of oxygen isotopes, an increasing 123 

number of studies demonstrate the potential of stable carbon-isotope variations to provide additional information on 124 

climate and environment (Dreybrodt and Scholz 2011). Measured variations can be a function of the amount of C3 125 

versus C4 vegetation, vegetation cover, soil biological activity, bedrock proportion, rainfall amount and drip rate. 126 

Speleothem records are dated using uranium-thorium dating (U-Th dating) methods, which provide ages in calendar 127 

years and normally with small uncertainties (Dorale et al. 2004). Larger uncertainties are introduced if the sample is 128 

contaminated by detrital 230Th. A correction factor then has to be applied (Hellstrom 2006). 129 

 130 

We reviewed published speleothem records covering one or both of the MH and LGM time periods.  We evaluated 131 

the reliability of each record, using the following criteria: 132 

 133 

a) The record has a reliable age model, i.e. it is based on U-Th dating, using Thermal Ionization Mass Spectrometry 134 

(TIMS) or Inductively Coupled Plasma Mass Spectrometry (ICP-MS) techniques, it yields most ages in stratigraphic 135 

order and the uncertainty intervals of individual dates are less than the age intervals between dates. Records with 136 

large uncertainty intervals are included if a change in the age model within the uncertainty interval does not affect 137 

the climate interpretation.  138 

b) The record has bracketing dates within 1000 yr of 6000 yr BP and within 2000 yr of 21000 yr BP. 139 

 140 

c) The record lacks bracketing dates within 1000 yr of 6000 yr BP or within 2000 yr of 21000 yr BP, but has a 141 

climate signal that is consistent throughout the period bracketed within the closest dates. 142 

 143 

d) The interpretation of the record in terms of temperature and/or precipitation changes is robust. 144 

 145 

e) The record is related to present-day conditions, shown either by (1) continuous speleothem growth until present 146 

day; (2) long-term monitoring of present day processes clearly distinguishing the present conditions from the past; 147 
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(3) a halt in growth until the present indicating wetter conditions during past growth (applied only in one case: 148 

Yudamutana Cave). Records that do not relate to present-day conditions are listed in Table S3 but were not used in 149 

further evaluation. 150 

 151 

f) The record yields quantitative information. Methods for retrieving quantitative data include the analysis of fluid 152 

inclusions, clumped isotope thermometry and calibration using instrumental record and or other quantitative climate 153 

records. 154 

 155 

g) The record yields qualitative information. Reliable interpretation of retrieved data in terms of relative changes in 156 

past temperature and/or precipitation relies on the understanding of the relationship between the data measured 157 

(δ18O, d13C, trace elements etc.) and atmospheric processes, and requires a present-day benchmark to indicate the 158 

response to known conditions. 159 

 160 

Speleothem records from a total number of 65 caves met the above criteria. Of these 28 did not relate to the present-161 

day conditions and were not used in further analyses (Table S3). Of the remaining 37 records (Table S4; Figure S1), 162 

most yield information on relative precipitation changes while fewer records provide information on relative 163 

temperature changes. Quantitative estimates are available from only 6 caves.  164 

 165 

1.7. Combined climate reconstructions data set 166 

The combined data sets provide 10 climate benchmarks: MAT, MTCO, MTWA, GDD5, MAP, α over land and 167 

SSTsum, SSTwin, SSTann, SInmon for the oceans. We have combined the data from all sources to produce new 168 

estimates on a 2° by 2° resolution land or ocean grid, again using simple averaging to derive a grid-cell value and 169 

the pooled estimate of the standard error to derive the uncertainty. The addition of a comparatively small number of 170 

extra data points to the existing gridded data sets does not change the patterns or magnitudes of the reconstructions, 171 

but ensures that the current data set is as comprehensive as possible. The final gridded data sets for each benchmark 172 

for each period are shown in Figures S2 through S5. 173 

  174 

 175 

2. Climate modelling protocol 176 

The MH and LGM simulations are equilibrium experiments, presenting a “snapshot” of climate at a specific time.  177 

Table S5 shows the boundary conditions used for MH and LGM experiments in the second phase of the 178 

Palaeoclimate Modelling Intercomparison Project (PMIP2) compared to the boundary conditions used for these 179 

experiments in the Coupled Modelling Intercomparison Project (CMIP5). The ultimate external forcing of climate is 180 

change in incoming solar radiation (insolation) as determined by changes in the Earth’s orbit. Changes in insolation 181 

can be specified precisely. Due to the slow variations of Earth’s orbital parameters, the seasonal and latitudinal 182 

distribution of MH insolation was different from present, enhancing the magnitude of the seasonal contrast in the 183 

Northern Hemisphere by about 60 Wm-2. Insolation forcing at the LGM was very similar to present. Atmospheric 184 
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composition (long-lived greenhouse gas concentrations) during the MH and at the LGM are prescribed to conform 185 

to ice-core measurements. Changes in ice sheet extent can be specified from geomorphic evidence, but there are 186 

several possible configurations of LGM ice-sheet orography that are consistent with relative sea-level and geoidal 187 

constraints. In the PMIP2 experiments, the LGM ice sheets were specified from Peltier (2004). The CMIP5 ice 188 

sheets are a blended product made from three recent ice-sheet reconstructions (Braconnot et al. 2012). Although 189 

there were some small ice-sheet relicts in eastern Canada at 6 ka, they have been ignored in both the PMIP2 and 190 

CMIP5 experiments. Some of the models in PMIP2 simulated vegetation dynamics explicitly (i.e. were fully 191 

coupled ocean-atmosphere-vegetation general circulation models, OAVs) but vegetation cover and albedo had to be 192 

specified for the coupled ocean-atmosphere general circulation models (OAs). Processes associated with the 193 

terrestrial and marine carbon cycle were ignored in the PMIP2 experiments, but are included as interactive 194 

components of some of the models (here designated as OACs) used in CMIP5. 195 

 196 

3. Processing climate model output 197 

We use outputs from all of the models archived at either PMIP2 or CMIP5 on August 15th 2012 (Table S6). One 198 

model (CSIRO3.1.2) has performed the CMIP5 MH experiment, but is not an official CMIP5 simulation because the 199 

mandatory future experiments have not been made with this model version. Nevertheless, for simplicity, we refer to 200 

this simulation as a CMIP5 paleo-experiment. Climate simulations of the MH are available for 13 OAs and 6 OAVs 201 

from the PMIP2 archive and 10 OA simulations and 5 coupled carbon-cycle (OAC) simulations from the CMIP5 202 

archive. Climate simulations of the LGM are available for 7 OA simulations and 2 OAV simulation from the PMIP2 203 

archive, and 3 OA and 3 OAC simulations from the CMIP5 archive. No MH SSTann data were archived by August 204 

15th 2012 for four models: ECHAM, EARTH, FGOALSG2, and FGOALS2. For these models, comparisons were 205 

therefore restricted to land variables. There were no LGM sea-ice data archived for the PMIP2 IPSL4 model, and no 206 

SST or sea-ice data for the COSMOS model by August 15th 2012. For these two models, comparisons were 207 

restricted to the subset of variables available. 208 

 209 

We analyzed five climate variables from these archives:  near-surface air temperature (tas), precipitation flux (pr), 210 

cloud-area fraction (clt), sea-surface temperature (tos), and sea-ice fraction (sic).  The first three variables were used 211 

to create bioclimatic variables, while the last two were used to characterize SSTs and sea ice.  The general strategy 212 

involves the calculation of long-term means from the archived time-series data, interpolation of the means on to a 213 

0.5° grid, the calculation of variables directly comparable to paleoclimatic reconstructions, and the aggregation of 214 

those data to coarser-resolution grids.  For the variables used to calculate bioclimatic variables, calculation on the 215 

0.5° grid is important for propagating the observed spatial variability of climate (sensed by the paleodata) into the 216 

coarser-resolution simulations, while for SST and  (which are sometimes calculated on rotated-pole or other non-217 

latitude-by-longitude grids), interpolation on to a common grid facilitates the creation of ensembles, and aggregation 218 

to resolutions appropriate for comparisons with the paleo-reconstructions.  The first analysis steps were identical for 219 

each variable, while subsequent steps treated near-surface temperature, precipitation and clouds as a group, and 220 

SSTs and sea ice as a group. 221 
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 222 

Step 1 (all variables):  Calculation of long-term means and standard deviations on the native grids of the models.  223 

Where monthly time series data were available (most PMIP2 models and all CMIP5 models), we calculated long-224 

term means and standard deviations from the last 100 years of the available simulations (taking care to synchronize 225 

the observations across variables, so that the means were based on identical time spans).  In the case of data sets 226 

shorter than 100 years (PMIP2 CCSM and GISSmodelE, CMIP5 CCSM 4), the long-term means were based on the 227 

whole length of the time series archived. Only pre-computed long-term means (“SE” files in the PMIP2 data base) 228 

were available for some PMIP2 simulations (ECBILT.LV, ECHAM (OAV), HadCM3), and those were adopted 229 

without modification. Near-surface air temperature and SST were transformed to degrees Celsius (°C), and 230 

precipitation flux (in kg m2 sec-1) was converted to total monthly precipitation (mm month-1), taking into account the 231 

variable number of days per month according to the specific calendar employed by each model (e.g. 360-day vs. 232 

365-day), and the changes over time related to orbital variations. 233 

Step 2 (all variables):  Interpolation to a 0.5° grid.  The long-term means and standard deviations on the model 234 

grids were interpolated to a 0.5° grid that followed the Climate Research Unit (CRU) CL 2.0 data set used here to 235 

provide “modern” high-resolution data.  We used bilinear interpolation for temperature, precipitation and clouds, as 236 

implemented in the CDO package (https://code.zmaw.de/projects/cdo) (remapbil).  For ocean grids that were based 237 

on rotated-pole or non-latitude-longitude grids, bilinear interpolation resulted in expansion of continental areas 238 

(consequently masking the near-shore location of many of the marine paleodata points), and so we adopted nearest-239 

neighbor interpolation (remapnn) for SSTs and sea ice. 240 

Step 3 (temperature, precipitation, clouds): Calculation of anomalies. Anomalies or long-term mean differences 241 

(experiment minus control) of temperature, precipitation and clouds were calculated in the standard way. 242 

Step 4 (temperature, precipitation, clouds):  Application of anomalies to modern CRU data.  The anomalies 243 

calculated in Step 3 were applied to the CRU CL 2.0 1961-1990 long-term means to create “paleo” values that retain 244 

the spatial variation in the modern.  Such variation is important for the proper calculation of bioclimatic variables 245 

and for the simulation of vegetation (Harrison et al. 1998). The CRU CL 2.0 data were first extrapolated on to the 246 

continental shelves, using the union of 0.5° grid points that are above sea level at present or would have been at 6 ka 247 

or at 21 ka, as implied by the ICE-5G paleotopography data set (Peltier 2004). Topography and bathymetry were 248 

derived from the ETOPO-1 data set.  Generic lapse rates for each variable were used to adjust the extrapolated 249 

values to reflect elevational trends in the data. 250 

Step 5: (temperature, precipitation, clouds):  Calculation of bioclimatic variables.  Bioclimatic variables were 251 

calculated using the anomalies from Step 4 on the 0.5° grid using the approach of Prentice et al. (1992). The original 252 

routines of Cramer and Prentice (1988) and Prentice et al. (1993) were modified to include snow-moisture 253 

accounting (where snowmelt is parameterized after Tarboton and Luce 1996) and adapted to use the IGBP-DIS 254 

multi-layer soil-properties data set (Global Soil Data Task 2000).  The specific variables calculated were GDD5, 255 

MTWA, MTCO, MAT, MAP and α. The calculation of equilibrium evapotranspiration requires data on the percent 256 

of possible sunshine.  These data were estimated from the cloudiness data using the Doorenbos and Pruitt (1984) 257 

approach.  A separate regression equation was fit for each month of the year and for each 0.5° grid cell using the 258 
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cloudiness data in CRU CL 1.0 and the percent possible sun data in CLU CL 2.0 in a moving window centered on 259 

each grid point.   260 

Step 6: (bioclimatic variables):  Calculation of bioclimatic variable anomalies.  The values of bioclimatic variables 261 

calculated in Step 5 were subtracted from the model-based values calculated in Step 4 to create a set of anomalies. 262 

Step 7:  (temperature, precipitation): Gridding of temperature and precipitation.  The anomalies of tas and pr were 263 

re-gridded to a 2° latitude x longitude grid by simple averaging of the 0.5° data within each 2° cell.  264 

Step 8: (bioclimatic variables):  Gridding of bioclimatic variable anomalies.   In order to facilitate comparisons with 265 

the terrestrial reconstructions, the anomalies of the bioclimatic variables calculated in the previous step were re-266 

gridded to a 2° latitude x longitude grid by simple averaging of the 0.5° data within each 2° cell.   267 

Step 9: (sea-surface temperature and sea-ice concentration):  Calculation of sea-surface variables.  The monthly 268 

values of SST and sea-ice concentration were used to calculate SSTann, SSTwin, and SSTsum, and SInmon (all 269 

defined in the same way as the seasonal reconstructions, see S1.2). 270 

Step 10:  (sea-surface summary variables):  Calculation of sea-surface variable anomalies.  Experiment minus 271 

control anomalies of the sea-surface summary variables were calculated in the usual way. 272 

Step 11:  (sea-surface summary variables):  Re-gridding of the sea-surface variables.  To facilitate comparisons 273 

with the ocean reconstructions, the anomalies calculated in Step 9 were re-gridded to a 2° latitude x 2° longitude 274 

grid by simple averaging of the 0.5° data within each 2° cell.  (Note: the data were also re-gridded to 5° by 5° cells, 275 

but although available these data are not used in the current analyses.) 276 

 277 

4. Metrics for comparison of reconstructed and simulated climate variables 278 

 279 

4.1 Means, medians and interquartile ranges 280 

Mean, median and the interquartile range (IQR) of each variable were calculated separately (a) for all the 281 

appropriate (land/ocean) 2˚ x 2˚ grid cells in each set of model results, (b) for just those grid cells corresponding for 282 

which there are observations. Calculation (b) was used as the basis for comparisons of models and data. The 283 

(signed) difference between the median values of a variable based on model results and observations is the ‘median 284 

bias’. A perfect model would be expected to show a bias close to zero, within the limits of precision of the data, so 285 

models can be ranked for a given variable based on the absolute magnitude of their median bias. The ratio between 286 

the IQR’s in the model results and observations provides a robust measure of the tendency of the model to under- or 287 

overestimate the degree of spatial variability in the observations. A perfect model in this respect would be expected 288 

to show an IQR ratio close to unity. Models can be ranked based on the absolute magnitude of the logarithm of their 289 

IQR ratio. 290 

 291 

4.2 Kendall’s Tau 292 

Kendall’s rank correlation coefficient tau (τ) was used as the basis for a dissimilarity metric expressing the extent of 293 

agreement in the rank order of anomalies among grid cells (here 2˚ x 2˚ cells). This measure does not assess bias in 294 

the modeled values (measured by the median bias) nor disagreement in their variability among grid cells (measured 295 
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by the ratio of interquartile ranges); it measures the similarity or difference of their spatial patterns without regard 296 

for magnitudes. τ is computed by considering all possible pairs of grid cells and asking whether they are concordant 297 

(i.e. one member of the pair is greater than the other in the modeled and observed sets of values) or discordant. It is 298 

defined (in the absence of ties) by:  299 

 300 

 τ  = (nc − nd)/[n(n − 1)/2] 301 

 302 

where the number of concordant pairs is nc, the number of discordant pairs is nd, and the denominator is the total 303 

number of pairs. A standard procedure exists for the handling of tied values. τ takes the value 1 for perfect 304 

agreement and –1 for perfect disagreement in the rankings. A τ of zero would mean no rank correlation. As a 305 

dissimilarity metric we therefore defined one minus tau, which takes the value zero for perfect agreement, one for 306 

‘no correlation’, and values greater than one for anti-correlation. Here we consider values of <0.5 to indicate good 307 

agreement, values between 0.5 and 0.8 to indicate moderate agreement, values between 0.8 and 0.95 to indicate poor 308 

agreement, and values >0.95 to indicate no agreement.  309 

 310 

4.3 Fuzzy distance  311 

One challenge in comparing between data and models is how to include measures of uncertainty in either source of 312 

information. Guiot et al. (1999) proposed a distance measure based on fuzzy logic that explicitly allows for 313 

uncertainties in calculating similarity. The method requires that the variable under investigation is defined as a 314 

triangular fuzzy number for both model and data. Triangular fuzzy numbers are defined as A(a1,a2,a3), where a1 315 

defines the lower limit of the number, a2 the point of maximum membership and a3 the upper limit. We use this to 316 

compare each variable at each grid-cell for which we have both model and observed values.  317 

 318 

Fuzzy limits for the data were defined using the reconstruction uncertainties. For each set of observed variables, we 319 

generated a probability density function of potential reconstruction values at each site, using a conditional Gaussian 320 

simulation. This uses the semi-variogram associated with each dataset to constrain the possible values obtained 321 

during any single iteration, reflecting the observed spatial dependency. Fuzzy number limits were then defined as 322 

the 2.5th and 97.5th percentile of this PDF. As no uncertainty range was available for the models (see above), the 323 

model value is defined using a crisp number, where a1=a2=a3. We use a newer fuzzy distance measure, proposed by 324 

Tran and Duckstein (2002), which is more robust to large differences in the magnitude of the two fuzzy numbers (A, 325 

B) to be compared:  326 

 327 
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 329 

Once the distance measure D2 has been calculated for all grid cells, we calculate the median, and use this as the 330 

metric for comparison. This distance metric synthesizes both the spatial pattern and magnitude of difference, and 331 

makes for a useful supplement to the measures of bias. For example, two models may each have a median bias of 332 

close to zero, but only the first has a spatial pattern similar to that of the data. In this case, the median distance for 333 

the second model would be larger than the first. We have chosen to calculate the fuzzy distance assuming that the 334 

relevant uncertainties are those associated with the reconstructions. In the absence of ensemble runs for each model 335 

(which would at least address the uncertainty due to internal variability) or perturbed-physics ensembles for a given 336 

model (which would address structural uncertainty), we cannot estimate individual-model uncertainty. We are 337 

therefore forced to assume that model uncertainty is represented by the differences among models. 338 

 339 

5. Summaries of Metrics 340 

Tables S7 and S8 summarize the numeric values of global benchmark metrics for the LGM and MH respectively for 341 

different model ensembles and Tables S9 and S10 summarize the global benchmark metrics for the LGM and MH 342 

respectively for individual models. These tables are the basis for the construction of Figure 7 and Figure 8 in the 343 

main text. We present ensemble results for all of the models (ALL), all of the PMIP2 models (PMIP2), all of the 344 

CMIP5 models (CMIP5), all of the PMIP2 ocean-atmosphere models (PMIP2 OA), all of the PMIP2 ocean-345 

atmosphere-vegetation models (PMIP2 OAV), all of the CMIP5 ocean-atmosphere models (CMIP5 OA) and all of 346 

the CMIP5 ocean-atmosphere-carbon cycle models (CMIP5 OAC). 347 

 348 

Figures S6 and S7 show comparisons of simulated and reconstructed zonal mean annual sea-surface temperature 349 

(SSTann) at the LGM and MH respectively.  350 

 351 
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Figure S1. Maps showing the location of speleothem records which met the selection criteria for reliability and are 828 
therefore used to provide either qualitative or quantitative estimates of temperature and/or precipitation for the LGM 829 
and MH. Qualitative and quantitative estimates of changes in (A) LGM (21ka) temperature, (B) LGM (21 ka) 830 
precipitation, (C) MH (6 ka) temperature and (D) MH (6 ka) precipitation, have been combined into a three part 831 
scale: cooler/no (significant) change/warmer for temperature, wetter/no (significant) change/drier for precipitation. 832 
 833 

 834 

835 
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Figure S2. Quantitative reconstructions of changes in (A) mean annual temperature (MAT), (B) mean temperature 836 
of the coldest month (MTCO), (C) mean temperature of the warmest month (MTWA), (D) growing degree days 837 
above a base of 5°C (GDD5), (E) mean annual precipitation (MAP) and (F) α, the ratio of actual to equilibrium 838 
evapotranspiration (α) at the LGM. 839 
 840 
 841 

 842 

843 
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Figure S3. Quantitative reconstructions of (A) mean annual temperature (MAT), (B) mean temperature of the 844 
coldest month (MTCO), (C) mean temperature of the warmest month (MTWA), (D) growing degree days above a 845 
base of 5°C (GDD5), (E) mean annual precipitation (MAP) and (F) α, the ratio of actual to equilibrium 846 
evapotranspiration (α) at the MH. 847 
 848 

 849 

 850 
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Figure S4. Quantitative reconstructions of changes in (A) mean annual sea-surface temperature (SSTann), (B) 852 
summer sea-surface temperature (SSTsum), (C) winter sea-surface temperature SSTwin, and (D) number of months 853 
with sea ice cover (SInmon) at the LGM. 854 
 855 

 856 
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Figure S5. Quantitative reconstructions of mean annual sea-surface temperature (SSTann) at the MH. 858 
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Figure S6. Comparison of simulated and reconstructed zonal mean annual sea-surface temperature (SSTann) at the 862 

LGM. The panels show the simulated and reconstructed values in 15° latitude bands from S to N. The median value 863 

of the observations is shown as a black vertical line, the IQR by dark grey shading and the 5-9 percentile limits by 864 

light grey shading. The models are color-coded to show whether they are PMIP2 or CMIP5 simulations, and 865 

whether they are ocean-atmosphere (OA), ocean-atmosphere-vegetation (OAV) or OA carbon-cycle (OAC) models. 866 

The simulated median for each model is shown by a vertical line, the box represents the IQR and the whiskers the 867 

95% limits. The final panel shows SSTann by latitude for all models and all ensembles compared to the 868 

reconstructions. 869 

 870 

 871 
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Figure S7. Comparison of simulated and reconstructed zonal sea-surface temperatures at the MH. The panels show 873 
the simulated and reconstructed values in 15° latitude bands from S to N. The median value of the observations is 874 
shown as a black vertical line, the IQR by dark grey shading and the 5 to 95 percentile limits by light grey shading. 875 
The models are color-coded to show whether they are PMIP2 or CMIP5 simulations, and whether they are ocean-876 
atmosphere (OA), ocean-atmosphere-vegetation (OAV) or OA carbon-cycle (OAC) models. The simulated median 877 
for each model is shown by a vertical line, the box represents the IQR and the whiskers the 5 to 95 percentile limits. 878 
 879 

 880 
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Table S1. Summary of data used for temperature reconstructions from ice core records. 

 

Site 
 
 

Latitude 
(°) 

 

Longitude 
(°) 

 

Modern18O 
(‰) 

 

LGM 
18O 
(‰) 

 

Anomaly 
18O 
(‰) 

 

Sea water  
correction 

(‰) 

Temperature 
anomaly 

(°C) 

Error 
bar 

slope 
 

LGM-
present  

elevation 
change 

(m) 

Elevation 
correction 

(°C) 

Total 
temperature 

change 
(°C) 

Vostok -78.47 106.80 -57.03 -61.12 4.08 5.21 -6.51 1.653 125 1.25 -7.76 

EDC -75.10 123.35 -50.82 -56.01 5.20 6.33 -7.91 2.009 125 1.25 -9.16 

EDML -75.00 0.07 -44.91 -50.13 5.22 6.36 -7.95 2.018 100 1.00 -8.95 

TALDICE -72.82 159.18 -36.46 -41.46 5.00 6.15 -7.69 1.952 100 1.00 -8.69 

Dome F -77.32 39.67 -55.10 -59.53 4.42 5.55 -6.94 1.762 125 1.25 -8.19 
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Table S2. Sites from Schmittner et al. (2011) that are not included in other data sets, and have therefore been 

incorporated into the gridded data sets of quantitative climate variables used here for model evaluation. 

 

Site Latitude (°) Longitude (°) Elevation Indicator Reference 

NA 87-22 55.5 -14.7 -2161 foram assemblages Waelbroeck et al. (2001)  
MD01-2461 51.8 -12.9 -1153 Mg/Ca Peck et al. (2008)  
CH 69-09 41.8 -47.4 -4100 foram assemblages Waelbroeck et al. (2001)  
PC-6 40.4 143.5 -2215 UK'37 Minoshima et al. (2007)  
SU81-18 37.8 -10.2 -3135 foram assemblages Waelbroeck et al. (2001)  
MD01-2421 36.0 141.8 -2224 UK'37 Isono et al. (2009)  
KT92-17 St. 14 32.6 138.6 -3252 UK'37 Sawada and Handa (1998)  
KNR140-51GGC 32.6 -76.3 -1790 Mg/Ca Carlson et al. (2008)  
GeoB 7702-3 31.7 34.1 -562 TEX86 Castañeda et al. (2010)  
MD98-2195 31.6 129.0 -746 UK'37 Ijiri et al. (2005)  
MD02-2575 29.0 -87.1 -847 Mg/Ca Ziegler et al. (2008)  
GeoB 5844-2 27.7 34.7 -963 UK'37 Arz et al. (2003)  
EN32-PC6 27.0 -91.3 -2280 Mg/Ca Flower et al. (2004)  
ODP 658C 20.8 -18.6 -2263 foram assemblages deMenocal et al. (2000)  
ODP 1144 20.1 117.6 -2037 Mg/Ca Wei et al. (2007)  
74KL 14.3 57.3 -3212 UK'37 Huguet et al. (2006) 
74KL 14.3 57.3 -3212 TEX86 Huguet et al. (2006) 
VM28-122 11.6 -78.4 -3623 Mg/Ca Schmidt et al. (2004)  
NIOP-905 10.8 51.9 -1567 UK'37 Huguet et al. (2006) 
NIOP-905 10.8 51.9 -1567 TEX86 Huguet et al. (2006) 
MD02-2529 8.2 -84.1 -1619 UK'37 Leduc et al. (2007)  
ME0005A-43JC  7.9 -83.6 -1368 Mg/Ca Benway et al. (2006)  
MD01-2390 6.6 113.4 -1545 UK'37 Steinke et al. (2008)  
MD01-2390 6.6 113.4 -1545 Mg/Ca Steinke et al. (2008)  
MD03-2707 2.5 9.4 -1295 Mg/Ca Weldeab et al. (2007)  
GeoB 4905 2.5 9.4 -1328 Mg/Ca Weldeab et al. (2005)  
ME0005A-24JC 0.0 -86.5 -2941 UK'37 Kienast et al. (2006) 
V21-30 -1.2 -89.7 -617 UK'37 Koutavas and Sachs (2008)  
V19-28 -2.4 -84.7 -2720 UK'37 Jaeschke et al. (2007)  
GeoB 3910 -4.2 -36.3 -2362 UK'37 Jaeschke et al. (2007) 
GeoB 3129 -4.6 -36.6 -830 Mg/Ca Weldeab et al. (2006) 
MD98-2176 -5.0 133.4 -2382 Mg/Ca Stott et al. (2007)  
GeoB 6518-1 -5.6 11.2 -962 UK'37 Schefuss et al. (2005)  
MD98-2165 -9.7 118.4 -2100 Mg/Ca Levi et al. (2007)  
MD98-2170 -10.6 125.4 -832 Mg/Ca Xu et al. (2008)  
MD01-2378 -13.1 121.8 -1783 Mg/Ca Farmer et al. (2005)  
ODP 1084B -25.5 13.0 -1992 Mg/Ca Farmer et al. (2005)  
KNR159-5-36GGC -27.5 -46.5 -1268 Mg/Ca Carlson et al. (2008)  
GeoB 7139-2 -30.2 -72.0 -3270 UK'37 Kaiser et al. (2008)  
MD03-2611 -36.7 136.7 -2420 UK'37 Calvo et al. (2007)  
MD97-2121 -40.4 178.0 -3014 UK'37 Pahnke and Sachs (2006) 
ODP 1233 -41.0 -74.5 -838 UK'37 Lamy et al. (2007)  
TN057-21-PC2 -41.1 7.8 -4981 UK'37 Sachs et al. (2001)  
TN057-21 -41.1 7.8 -4981 Mg/Ca Barker et al. (2009)  
SO136-GC11 -43.5 167.9 -1556 UK'37 Barrows et al. (2007)  
MD97-2120 -45.5 174.9 -1210 UK'37 Pahnke and Sachs (2006)  
Section MS2008E 34.90 113.30 200 MBT/CBT Peterse et al. (2011)  
Lake Tanganyika -6.70 29.60 773 TEX86 Tierney et al. (2008)  
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Table S3. Cave records providing information for the LGM and MH but lacking information from modern 

speleothems about present day conditions. These sites are not used for subsequent analyses.  
 

Site Latitude (°) Longitude (°) Sample Id Data type References 

Lynds Cave -41.97 146.42 LYN δ18O, δ13C, growth rate Xia et al. (2001) 

Hollywood Cave -41.95 171.41 HW3 δ18O Whittaker et al. (2011)  

Jintanwan Cave 29.48 109.53 J1 δ18O, δ13C Cosford et al. (2010)  
Xianshui Caves, 
Yaoba Don 21.25; 28.8 110.92; 109.83 X3, YB1 δ18O Cosford et al. (2008)  

Hulu Cave 32.50 119.17  Δ18O 
Wang et al. (2001);  
Yuan et al. (2004);  
Southon et al. (2012)  

Okshola Cave 67.00 15.00 Oks82 δ18O, δ13C Linge et al. (2009)  

B7 Cave 51.37 7.67 B7-1, 5 δ18O, δ13C, fabric Niggemann et al. (2003)  

V11 Cave 46.60 22.70  δ18O, δ13C Tămaş et al. (2005)  

Milchbach Cave 46.62 8.08 MB-2, 3, 5, 6 δ18O, δ13C, fabric Luetscher et al. (2011)  

Villars 45.43 0.77 vil-stm 11 δ13C Genty et al. (2006)  

Chau 44.23 4.26 Chau-stm6 δ13C Genty et al. (2006)  

Buca della Renella 44.00 10.00 RL4 δ18O Drysdale et al. (2006)  

Pindal Cave 43.38 -4.50 CAN δ18O, δ13C, trace 
elements Moreno et al. (2010)  

Ursilor Cave 46.55 22.57 PU-2 δ18O, δ13C Onac et al. (2002)  

Antro del Corchia 43.98 10.22 CC26 δ18O, δ13C Zanchetta et al. (2007) 
Jeita Cave 32.93 35.63 JeG-stm-1 δ18O, δ13C, growth rate Verheyden et al. (2008)  

Soreq Cave 32.58 35.03  δ18O, δ13C Bar-Matthews and Ayalon 
(2010)  

Tzavoa 31.25 35.20 TZ-14 δ18O Vaks et al. (2006)  
Jerusalem West Cave 31.78 35.15 AF12 δ18O Frumkin et al. (1999) 
Moomi Cave 12.50 54.00 M1-5 δ18O Shakun et al. (2007)  
McFail's Cave 38.37 -90.65 MF1 δ18O, δ13C van Beynen et al. (2004) 

Fort Stanton Cave 33.30 -105.30 FS2 δ18O Asmeron et al. (2010) 

Cave of the Bells 31.75 -109.25  δ18O Wagner et al. (2010) 

Cueva del Diablo 18.18 -99.92 CBD-2 δ18O Bernal et al. (2011) 

Venado Cave 10,60 -84.80 V1 δ18O, δ13C Lachniet et al. (2004) 

Lapa Grande  -13.58 -43.63 LG3, LG11 δ18O Stríkis et al. (2011) 

Pacupahuain Cave -11.24 -75.82 p09-PH2 δ18O Kanner et al. (2012) 

La Mine Cave 35.00 9.50 Min-stm 1 δ13C Genty et al. (2006)  
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Table S4. Cave records providing information on relative and/or absolute changes in precipitation and/or temperature at 21000 yr BP (21k) and/or at 6000 yr BP (6k). Data type is 

indicated by a numerical code, where 1 is δ18O, 2 is δ13C, 3 is growth rate, 4 is trace elements, 5 is fabrics, 6 is fluid inclusions, 7 is clumped isotopes, 8 is grey scale and 9 is 

calibration against other records. Length of record (ka) indicates the length of the record covering our periods of interest (21000 yr BP, 6000 yr BP) to the present-day or to a present 

hiatus.  
Cave Lat 

     (°) 
 

Long 
     (°) 

 

Sample Id Data 
type 

Length 
of record 

(ka) 

No of 
dates 22-

20ka 

No of 
dates 
6.5-

5.5ka 

Sample 
resoln 
(yrs) 

T  
6k 

(oC) 
 
  

T 
21k    
(oC) 

P  
6k 

(mm) 
 
 

P  
21k 

(mm) 

T  
6k  

Warm/ 
Cold 

T  
21k 

Warm/ 
Cold 

P  
6k  

Wet/ 
Dry 

P  
21k 

 Wet/ 
Dry 

References 

Liang Luar Cave -8.53 120.43 LR06-B1, B3 1,4,6 12.7 0 6 ~8 -0.2 
+/-1.5    No signif 

change  Dry  Griffiths et al. (2009); Griffiths et al. (2010a,b) 

Nettlebed Cave -41.08 172.67 MD3 1 31 1 0 ~150     Warm Cold Dry Dry Hellstrom et al. (1998) 

Babylon, Twin Forks, 
Wezpetti Caves -41.31 171.9 BN1,2; TF2; WP1; 

WN4; 1,2 23.4 1 2 ~41     No signif 
change Cold No 

change Dry Williams et al. (2005) 

Gardners Gut -38.25 175.10 GG1,2; RK-1 1,2 11.8 0 1 60-160     No signif 
change  Dry  Williams et al. (2004) 

Yudnamutana Cave -30.19 139.42 Yudnamutana 1,2 11.6-5.2 0 3 ~32       Wet  Quigley et al. (2010) 

Gunung Buda 4.00 114.00 BA04, SCH02, SSC01 1 33 2 1 56-72     No signif 
change Cold Wet Dry Partin et al. (2007) 

Heshang, Dongge Caves 30.45; 
25.00 

110.42; 
109.00 HS-4, DA 1,9 9.4 0 10 ~16   100    Wet  Hu et al. (2008) 

Dongge Cave 25.00 109.00 D3,4; DA 1 16 0 12 ~5-20       Wet  Yuan et al. (2004); Dykoski et al. (2005); Wang 
et al. (2005) 

Lianhua Cave 29.48 109.53 A1 1,2,4 6.6 0 1 ~8       Wet  Cosford et al. (2008); Cosford et al. (2009) 

Sanbao Cave 31.67 110.43 Multiple 1 18 0 6 <40-70       Wet Dry Wang et al. 2008; Dong et al. (2010) 

Jiuxian Cave 33.57 109.10 C966-1, 2 1 19 0 2 4-112       Wet  Cai et al. (2010) 

Kesang Cave 42.87 81.75 KS08-1-H, 2-H; KS06-
A-H-A, -A-H-B 1 23 1 0        Wet Dry Cheng et al. (2012) 

Soyle-grotta 66.33 13.55 SG93 1,9 10  0 ~20 0.6 +/-
1.8    No signif 

change    Lauritzen and Lundbeg (1999) 

Okshola Cave 67.00 15.00 FM3 1,2 7.2  3 ~29     No signif 
change  No 

change  Linge et al. (2009) 

Crag Cave 52.25 9.43 CC3 1 10.1  1 ~6     No signif 
change  No 

change  McDermott et al. (2001) 

B7 Cave 51.37 7.67 B7-7 1,2,5 17.6  1        Dry  Niggemann et al. (2003) 

Hölloch Cave 46.97 8.78 HÖL-1 1,2 14.2  0      
No signif 
change/C

old 
   Wurth et al. (2004) 

Poleva 48.00 30.00 PP9,10 1 ~60-0 0 2      Warm    Constantin et al. (2007) 

Spannagel Cave 47.05 11.40 COMNISPA 1 9  4      No signif 
change    Vollweiler et al. (2006) 

Grotta Savi 45.62 13.89 SV1 1 17  1 18-125     Cold    Frisia et al. (2005) 

Grotta di Ernesto 45.98 11.66 ER76 1,2, 
3,5 8  1 ~50     No signif 

change    McDermott et al. (1999); Scholz et al. (2012) 

Grotto de Clamouse 42.71 3.61 CL26 1,5 11  1 ~40     Warm    McDermott et al. (1999) 

Cova da Arcoia 42.61 7.09 ESP-03 1,2,5 9.3  0        Dry  Railsback et al. (2011) 
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Soreq Cave 32.58 35.03 12-Z-B 7      
-6.5 
+/-
0.5 

   Cold   Affek et al. (2008) 

Soreq Cave 32.58 35.03 12-Z-C 1,6      
-

7+/-
2 

   Cold   McGarry et al. (2004) 

Peqiin Cave + comp. Soreq 
Cave 32.97 35.33 Multi 1,2 250 0 1    -20    Wet  Bar-Matthews et al. (2003) 

Sofular Cave 41.42 31.93 So-1, So-2 1,2 50 2 2 5-50      Cold Wet/Dr
y Dry Fleitmann et al. (2009a); Göktürk et al. (2011) 

Soreq Cave 32.58 35.03 Multi 1,2,4 60 3 1      Warm Cold Wet Dry Bar-Matthews et al. (1999); Kaufman et al. 
(1998)  

Hoti Cave 23.08 57.35 H12 1 6.3  6 1.5-10       Wet  Fleitmann et al. (2003); Fleitmann et al. (2007); 
Fleitmann et al. (2009b)  

Qunf Cave 17.17 54.30 Q5 1 10.6  2 1.5-10       Wet  Fleitmann et al. (2007); Fleitmann et al. (2009b)  

Cold Water Cave 43.47 -91.97 CWCIS 1,2 7.8          Wet  Denniston et al. (1999) 

Spring Valley, Mystery 
Cave 

43.53 
 

-92.52 
 SV1, MC28 1,2 8.5          

No 
change/ 

Dry 
 Denniston et al. (1999) 

Buckeye Creek Cave 37.98 -79.59 BCC-2, 4,6 1,4 7.8   ~60       Wet  Springer et al. (2008); Hardt et al. (2010)  

Pink Panther Cave 32,.8 -104.83 PP1 1 12.3  2 ~17       Wet  Asmeron et al. (2007) 

Cueva del Tigre Perdido -4.06 -76.69 NC-B 1, 6 13.3  2  -0.5+/-
1.5  75+/-

25  No signif 
change  Wet  van Breukelen et al. (2008) 

Boutverá Cave -26.78 -48.84 Bt2 1,4 116          Dry Wet Cruz et al. (2007); Cruz et al. (2005); Wang et al. 
(2007)  

Cold Air Cave -23.98 29.18 T7, T8 1,2,8 24.4 1 2 6-500     Warm Cold Wet Dry Lee-Thorp et al. (2001); Holmgren et al. (2003)  

Cango Cave -33.38 22.22 V3 1,2 50 1 0       Cold   Talma and Vogel (1992) 
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Table S5. The boundary conditions used for the PMIP 2 and CMIP5 paleo-experiments. Boundary conditions that are 

different between different sets of simulations are highlighted in yellow; blue highlighting shows boundary conditions 

not included in the PMIP2 experiments (see PMIP website for more details of the protocols: http://pmip3.lsce.ipsl.fr/). 
  PMIP2 CMIP5/PMIP3 
Mid 
Holocene  

Insolation  eccentricity = 0.018682  
obliquity = 24.105°  
perihelion-180° = 0.87° 

eccentricity = 0.018682  
obliquity = 24.105°  
perihelion-180° = 0.87° 

Solar constant As in PI simulation As in PI simulation 
Trace gases  CO2 = 280 ppm 

CH4 = 650 ppb 
N2O = 270 ppb  
CFC = 0 
O3 = not considered 

CO2 = 280 ppm 
CH4 = 650 ppb 
N2O = 270 ppb 
CFC = 0 
O3 = same as in CMIP5 PI  

Aerosols As in PI simulation As in PI simulation 
Ice sheets and land-sea 
distribution 

As in PI simulation As in PI simulation 

Land-sea mask As in PI simulation As in PI simulation 
Vegetation and land surface  Either prescribed modern vegetation or 

computed using a dynamic vegetation module 
Computed or prescribed as in PI, with 
phenology computed for models with active 
carbon cycle or prescribed from data 

Carbon cycle  Not considered  Either not considered or interactive, with 
atmospheric concentration prescribed and 
ocean and land carbon fluxes diagnosed as 
recommended in CMIP5 

Last Glacial 
Maximum  

Insolation  eccentricity = 0.018994  
obliquity = 22.949°  
perihelion-180° = 114.42° 

eccentricity = 0.018994  
obliquity = 22.949°  
perihelion-180° = 114.42° 

Solar constant As in PI simulation As in PI simulation 
Trace gases CO2 = 185 ppm 

CH4 = 350 ppb 
N2O = 200 ppb 
CFC =0 
O3 = same as in PI 

CO2 = 185 ppm 
CH4 = 350 ppb 
N2O = 200 ppb 
CFC =0 
O3 = same as in PI 

Aerosols As in PI simulation As in PI simulation 
Ice sheet Peltier et al. (2004)  Blended ice sheet (Braconnot et al. 2012)  
Land-sea mask Prescribed following Peltier et al. (2004) land-

sea mask  
Prescribed from blended ice-sheet land-sea 
mask  

Freshwater  Excess freshwater added to ocean in 3 
different regions 

Excess freshwater added to ocean in 3 
different regions 

River runoff  As in PI or river pathway modified (no formal 
protocol) 

As in PI or river pathway modifier according 
to PMIP protocol 

Mean ocean salinity Not considered +1 PSU everywhere 
Carbon cycle Not considered  Interactive, with atmospheric concentration 

prescribed and ocean and land carbon fluxes 
diagnosed following CMIP5 recommendations 

 

  

http://pmip3.lsce.ipsl.fr/


37 
 

Table S6. Details of the models and paleo-simulations from the PMIP2 and CMIP5 archives. The model attributes 

given here are derived from the archived netcdf files, but these are not always complete or accurate, and thus there may 

be some inconsistencies or missing information about specific models. Abbreviated codes used to refer to specific 

models in the text and in other tables are given here. 

Archive Model name Code Type 

Resolution (number of gridcells: latitude, 
longitude) Year 

length 

Simulations Reference  

 Atmosphere Ocean Sea Ice MH LGM 

PMIP2 CCSM CCSM OA 64, 128 395, 320 395, 320 365 X X Otto-Bliesner et al. (2006)  

PMIP2 CNRM-CM33 CNRM3.3 OA 64, 128 170, 180 170, 180 365  X Royer (2008); Johns et al. (2011)  

PMIP2 CSIRO-Mk3L-1.0 CSIRO3.1.0 OA 56, 64 56, 64 56, 64 365 X  Phipps (2006)  

PMIP2 CSIRO-Mk3L-1.1 CSIRO3.1.1 OA 56, 64 112, 128 56, 64 365 X  Phipps (2006)  

PMIP2 ECBILTCLIO ECBILT OA 32, 64 72, 144 72, 144 360  X de Vries and Weber (2005)  

PMIP2 ECBILTCLIOVECODE ECBILT.LV OA 32, 64 60, 120 60, 120 360 X  Renssen et al. (2005)  

PMIP2 ECHAM5-MPIOM1 ECHAM OA 48, 96 180, 360 48, 96 365-366 X  Jungclaus et al. (2006)  

PMIP2 FGOALS-1.0g FGOALS1 OA 60, 128 170, 360 170, 360 365 X X Yu et al. (2002); Yu et al. (2004)  

PMIP2 FOAM FOAM OA 40, 40 128, 128 128, 128 360 X  Jacob et al. (2001)  

PMIP2 GISSmodelE GISS.E OA 46, 72 46, 72 46, 72 365 X  Schmidt et al. (2006)  

PMIP2 HadCM3M2 HadCM3 OA 73, 96 144, 288 144, 288 360  X Gordon et al. (2000)  

PMIP2 IPSL-CM4-V1-MR IPSL4 OA 72, 96 170, 180 170, 180 360 X X Marti et al. (2005)  

PMIP2 MIROC3.2 MIROC OA 64, 128 192, 256 192, 256 360 X X K-1-Model-Developers (2004)  

PMIP2 MRI-CGCM2.3.4fa MRI2fa OA 64, 128 111, 144 111, 144 365 X  Yukimoto et al. (2006)  

PMIP2 MRI-CGCM2.3.4nfa MRI2 OA 64, 128 111, 144 111, 144 365 X  Yukimoto et al. (2006)  

PMIP2 UBRIS-HadCM3M2 HadCM3 OA 73, 96 144, 288 144, 288 360 X  Gordon et al. (2000)  

PMIP2 ECBILTCLIOVECODE ECBILT.LV 
(OAV) OAV 32, 64 60, 120 60, 120 360 X  Renssen et al. (2005)  

PMIP2 ECHAM53-MPIOM127-
LPJ 

ECHAM 
(OAV) OAV 48, 96 180, 360 180, 360 365-366  X Roeckner et al. (2003); Marsland et al. 

(2003); Mikolajewicz et al. (2007)  

PMIP2 FOAM FOAM (OAV) OAV 40, 40 128, 128 128, 128 360 X  Notaro et al. (2005)  

PMIP2 HadCM3M2 HadCM3 
(OAV) OAV 73, 96 144, 288 144, 288 360  X Gordon et al. (2000); Essery et al. (2003)  

PMIP2 MRI-CGCM2.3.4fa 
MRI2fa (OAV) 

 
OAV 64, 128 111, 144 111, 144 365 X  Yukimoto et al. (2006)  

PMIP2 MRI-CGCM2.3.4nfa 
MRI2 (OAV) 

 
OAV 64, 128 111, 144 111, 144 365 X  Yukimoto et al. (2006)  

PMIP2 UBRIS-HadCM3M2 HadCM3 
(OAV) OAV 73, 96 144, 288 144, 288 360 X  Gordon et al. (2000)  

CMIP5 CCSM4 CCSM4 OA 192, 288 320,384 320,384 365 X X Gent et al. (2011)  

CMIP5 CNRM-CM5 CNRM5 OA 128, 256 292, 362 292, 362 365-366 X  Voldoire et al. (2012)  

CMIP5 CSIRO-Mk3-6-0 CSIRO3.6 OA 96, 192 189, 192 96, 192 365 X  Rotstayn et al. (2010)  

CMIP5 CSIRO-Mk3L-1-2 
(UNSW) CSIRO3.1.2 OA 56, 64 128, 225 56, 64 365 X  Phipps et al. (2011); Wu et al. (2008)  

CMIP5 EC-EARTH (KNMI) EARTH OA 160, 320 362, 292 362, 292 365-366 X  Hazeleger et al. (2012) 

CMIP5 FGOALS-s2 (LASG/IAP) FGOALS2 OA 108, 128 196, 360 196, 360 365 X  No publication 

CMIP5 FGOALS-g2 (LASG/IAP) FGOALSG2 OA 60, 128 196, 360 196, 360 365 X  No publication 

CMIP5 GISS-E2-R GISS.E2 OA 90, 144 90, 144 90, 144 365 X X No publication 

CMIP5 MPI-ESM-P MPI (ESM) OA 96, 192 220, 256 220, 256 365-366 X X No publication 

CMIP5 MRI-CGCM3 MRI3 OA 160, 320 360, 368 360, 368 365 X  Yukimoto et al. (2011)  

CMIP5 BCC-CSM1-1 BCC OAC 64, 128 232, 360 232, 360 365 X  Wu et al. (2010); Marti et al. (2010)  

CMIP5 COSMOS-ASO COSMOS OAC 96, 48 120, 101 120, 101 360  X Budich et al. (2010) 

CMIP5 IPSL-CM5A-LR IPSL5 OAC 96, 96 149, 182 149, 182 365 X X Watanabe et al. (2011)  

CMIP5 MIROC-ESM MIROC (ESM) OAC 64, 128 192, 256 192, 256 365 X X Collins et al. (2011)  

CMIP5 HadGEM2-CC HadGEM2 
(CC) OAC 145, 192 216, 360 216, 360 360 X  Martin et al. (2011); Jones et al. (2011)  

CMIP5 HadGEM2-ES HadGEM2 
(ESM) OAC 145, 192 216, 360 216, 360 360 X  Martin et al. (2011); Jones et al. (2011) 
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Table S7. Ensemble values of global metrics for the Last Glacial Maximum (LGM) simulations. The ensembles are all 

of the models (ALL), all of the PMIP2 models (PMIP2), all of the CMIP5 models (CMIP5), all of the PMIP2 ocean-

atmosphere models (PMIP2 OA), all of the PMIP2 ocean-atmosphere-vegetation models (PMIP2 OAV), all of the 

CMIP5 ocean-atmosphere models (CMIP5 OA) and all of the CMIP5 ocean-atmosphere-carbon cycle models (CMIP5 

OAC). 
 

    All PMIP2 CMIP5  PMIP2OA PMIP2OAV CMIP5OA  CMIP5OAC 
Variabl
e Metric mean  median  mean  median  mean  median  mean median mean median mean  median  mean  median  

SSTann Median Bias -0.37 -0.32 -0.37 -0.38 -0.34 -0.28 -0.19 -0.16 -0.91 -0.91 -0.19 -0.21 -0.68 -0.68 
  IQR Ratio 0.27 0.29 0.36 0.38 0.23 0.27 0.33 0.37 0.29 0.29 0.18 0.23 0.53 0.53 
  1–τ 0.68 0.72 0.68 0.70 0.77 0.82 0.68 0.72 0.77 0.77 0.79 0.85 0.78 0.78 

 
Fuzzy 
Distance 1.20 1.19 1.18 1.20 1.26 1.23 1.16 1.18 1.42 1.42 1.21 1.22 1.35 1.19 

SSTsum Median Bias -0.44 -0.35 -0.51 -0.38 -0.38 -0.36 -0.34 -0.13 -0.93 -0.93 -0.28 -0.32 -0.58 -0.58 
  IQR Ratio 0.32 0.29 0.39 0.38 0.27 0.29 0.39 0.32 0.35 0.35 0.27 0.26 0.52 0.52 
  1–τ 0.97 0.97 0.96 0.96 0.99 0.99 0.96 0.97 0.97 0.97 1.00 1.01 0.99 0.99 

  Fuzzy 
Distance 1.46 1.44 1.52 1.51 1.43 1.45 1.50 1.43 1.63 1.63 1.41 1.45 1.55 1.55 

SSTwin Median Bias -0.32 -0.23 -0.40 -0.32 -0.28 -0.20 -0.20 -0.07 -0.80 -0.80 -0.15 -0.15 -0.48 -0.48 
  IQR Ratio 0.31 0.28 0.38 0.39 0.27 0.30 0.39 0.35 0.40 0.40 0.24 0.29 0.45 0.45 
  1–τ 0.98 0.98 0.98 0.98 0.99 1.00 0.98 1.00 0.97 0.97 0.99 0.99 0.98 0.98 

  Fuzzy 
Distance 1.34 1.31 1.37 1.31 1.32 1.35 1.37 1.33 1.44 1.44 1.31 1.35 1.42 1.42 

SInmon Median Bias 1.52 -0.69 2.07 0.82 0.60 -0.69 2.15 0.82 0.82 0.82 0.12 -0.69 -0.69 -0.69 
  IQR Ratio 1.10 1.27 1.21 1.48 1.15 0.84 1.06 1.27 1.69 1.69 1.14 0.63 1.06 1.06 
  1–τ 0.73 0.84 0.74 0.76 0.75 0.84 0.71 0.72 0.77 0.77 0.78 0.94 0.75 0.75 

  Fuzzy 
Distance 0.97 1.02 1.17 1.10 0.83 1.00 1.33 0.98 0.95 0.95 0.70 1.00 1.05 1.05 

MAT Median Bias 0.83 1.12 1.06 1.26 0.93 1.19 1.45 1.52 0.15 0.15 1.68 1.83 0.12 0.43 
  IQR Ratio 0.74 0.67 0.64 0.66 0.84 0.66 0.59 0.61 0.92 0.92 0.75 0.61 0.56 0.45 
  1–τ 0.69 0.67 0.70 0.68 0.68 0.67 0.66 0.66 0.78 0.78 0.71 0.68 0.66 0.67 

  Fuzzy 
Distance 2.35 2.44 2.40 2.49 2.58 2.55 2.58 2.50 3.25 3.25 2.80 2.75 2.52 2.24 

MTCO Median Bias 3.92 4.16 4.21 4.61 3.65 3.75 4.77 5.04 3.21 3.21 4.46 4.82 2.51 2.81 
 IQR Ratio 0.69 0.74 0.57 0.63 0.79 0.78 0.56 0.58 0.58 0.58 0.75 0.77 0.54 0.45 
 1–τ 0.68 0.69 0.69 0.70 0.67 0.67 0.66 0.63 0.76 0.76 0.69 0.69 0.62 0.62 

 Fuzzy 
Distance 4.16 4.30 4.42 4.42 4.17 4.20 4.27 3.90 4.69 4.69 4.71 4.45 3.70 4.35 

MTWA Median Bias -0.47 -0.62 -0.58 -0.58 -0.47 -0.33 -0.51 -0.49 -1.47 -1.47 0.10 0.36 -1.07 -1.59 
  IQR Ratio 0.43 0.48 0.54 0.52 0.28 0.43 0.57 0.52 0.57 0.57 0.36 0.35 0.50 0.52 
  1–τ 0.69 0.72 0.70 0.75 0.74 0.70 0.71 0.73 0.72 0.72 0.85 0.83 0.71 0.73 

  Fuzzy 
Distance 2.81 2.95 2.77 3.07 2.53 2.65 2.77 2.81 3.69 3.69 3.32 3.05 3.12 3.04 

GDD5 Median Bias -
282.19 

-
301.42 

-
259.56 

-
271.06 

-
283.12 

-
308.10 

-
197.04 

-
259.31 

-
416.01 

-
416.01 

-
178.11 

-
245.74 

-
510.64 

-
481.68 

  IQR Ratio 0.48 0.55 0.49 0.52 0.51 0.62 0.47 0.50 0.58 0.58 0.45 0.59 0.70 0.77 
  1–τ 0.62 0.61 0.61 0.56 0.63 0.64 0.61 0.57 0.64 0.64 0.61 0.62 0.66 0.66 

  Fuzzy 
Distance 349.25 390.89 333.48 392.09 379.51 383.58 311.58 387.40 437.89 437.89 394.25 394.03 521.62 546.02 

MAP Median Bias 123.96 132.87 157.30 145.68 50.51 59.52 158.18 127.15 167.15 167.15 75.83 84.97 31.83 42.48 
  IQR Ratio 0.61 0.59 0.71 0.76 0.56 0.65 0.76 0.77 0.72 0.72 0.56 0.66 0.67 0.72 
  1–τ 1.03 1.03 1.11 1.12 0.90 0.90 1.09 1.08 1.15 1.15 0.93 0.91 0.85 0.87 

  Fuzzy 
Distance 196.73 189.32 184.02 200.34 187.72 177.07 177.52 192.38 225.30 225.30 169.64 167.67 207.86 199.11 

α Median Bias 0.03 0.03 0.05 0.06 0.00 0.01 0.05 0.05 0.09 0.09 0.02 0.01 -0.01 0.00 
  IQR Ratio 2.60 2.45 2.18 2.36 2.98 2.61 2.02 2.23 2.73 2.73 2.68 2.29 2.97 2.98 
  1–τ 0.76 0.75 0.76 0.79 0.76 0.76 0.75 0.76 0.84 0.84 0.74 0.74 0.79 0.77 

  Fuzzy 
Distance 0.11 0.11 0.10 0.11 0.11 0.11 0.09 0.10 0.13 0.13 0.11 0.10 0.13 0.11 
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Table S8. Ensemble values of global metrics for the Mid-Holocene (MH) simulations. The ensembles are all of the 

models (ALL), all of the PMIP2 models (PMIP2), all of the CMIP5 models (CMIP5), all of the PMIP2 ocean-

atmosphere models (PMIP2 OA), all of the PMIP2 ocean-atmosphere-vegetation models (PMIP2 OAV), all of the 

CMIP5 ocean-atmosphere models (CMIP5 OA) and all of the CMIP5 ocean-atmosphere-carbon cycle models (CMIP5 

OAC). 

 

  
 

All Models  PMIP2 CMIP5 PMIP2OA PMIP2OAV CMIP5OA CMIP5OAC 

Variable Metric mean  median mean median  mean  median mean  median  mean  median mean  median  mean  median  

SSTann Median Bias -0.29 -0.29 -0.29 -0.27 -0.31 -0.28 -0.31 -0.31 -0.22 -0.21 -0.25 -0.29 -0.29 -0.24 
  IQR Ratio 0.33 0.28 0.34 0.31 0.28 0.28 0.34 0.34 0.20 0.20 0.32 0.33 0.32 0.40 
  1–τ 0.90 0.89 0.90 0.91 0.91 0.91 0.95 0.95 0.88 0.84 0.89 0.89 0.90 0.94 
  Fuzzy Distance 0.48 0.49 0.51 0.50 0.45 0.48 0.50 0.50 0.44 0.44 0.49 0.53 0.49 0.50 
MAT Median Bias 0.12 0.12 0.22 0.18 -0.02 0.01 0.14 0.12 0.27 0.27 -0.02 0.00 0.09 0.10 
  IQR Ratio 0.15 0.14 0.15 0.16 0.18 0.15 0.12 0.15 0.24 0.20 0.16 0.13 0.24 0.18 
  1–τ 0.90 0.89 0.91 0.91 0.90 0.88 0.92 0.93 0.92 0.90 0.89 0.89 0.92 0.89 
  Fuzzy Distance 1.08 1.09 1.08 1.09 1.09 1.09 1.09 1.08 1.14 1.07 1.08 1.09 1.08 1.07 
MTCO Median Bias 0.02 0.04 0.05 0.05 -0.07 -0.05 -0.06 -0.05 0.18 0.19 -0.06 -0.05 -0.07 -0.09 
  IQR Ratio 0.12 0.12 0.12 0.13 0.16 0.17 0.12 0.12 0.18 0.15 0.13 0.16 0.27 0.26 
  1–τ 0.91 0.90 0.93 0.93 0.91 0.91 0.96 0.97 0.92 0.91 0.89 0.88 0.95 0.92 
  Fuzzy Distance 1.32 1.29 1.30 1.29 1.31 1.26 1.26 1.28 1.34 1.34 1.29 1.28 1.37 1.35 
MTWA Median Bias 1.33 1.30 1.43 1.39 1.20 1.18 1.39 1.34 1.47 1.40 1.19 1.19 1.21 1.14 
  IQR Ratio 0.25 0.23 0.25 0.27 0.23 0.22 0.25 0.26 0.29 0.30 0.23 0.23 0.25 0.28 
  1–τ 1.05 1.07 1.06 1.08 1.03 1.05 1.08 1.09 1.01 1.03 1.07 1.09 0.97 0.99 
  Fuzzy Distance 1.75 1.70 1.80 1.78 1.68 1.63 1.73 1.67 1.77 1.73 1.56 1.56 1.67 1.61 
GDD5 Median Bias 27.36 22.95 38.67 31.51 10.12 7.36 27.77 20.41 57.15 44.59 2.21 2.43 18.11 19.70 
  IQR Ratio 0.14 0.11 0.13 0.12 0.15 0.12 0.13 0.12 0.20 0.17 0.14 0.14 0.20 0.19 
  1–τ 0.98 1.01 1.01 1.02 0.95 0.99 1.03 1.05 0.98 0.96 1.01 1.06 0.91 0.89 
  Fuzzy Distance 192.10 189.91 194.57 192.55 192.03 193.27 191.82 192.87 199.79 191.83 195.48 192.11 184.57 188.16 
MAP Median Bias -50.19 -49.68 -46.95 -46.42 -53.91 -53.44 -47.82 -47.31 -43.39 -41.57 -53.08 -51.00 -53.17 -53.39 
  IQR Ratio 0.13 0.13 0.15 0.14 0.14 0.15 0.15 0.14 0.17 0.14 0.14 0.16 0.22 0.20 
  1–τ 0.87 0.87 0.91 0.91 0.85 0.86 0.93 0.93 0.87 0.86 0.85 0.84 0.87 0.93 
  Fuzzy Distance 85.41 85.90 85.28 83.45 86.83 88.76 86.84 84.99 82.78 80.55 87.98 85.16 89.05 91.47 
α Median Bias -0.04 -0.03 -0.03 -0.03 -0.04 -0.04 -0.03 -0.03 -0.03 -0.02 -0.04 -0.04 -0.04 -0.04 
  IQR Ratio 0.57 0.57 0.53 0.51 0.64 0.67 0.57 0.57 0.54 0.49 0.63 0.64 0.73 0.70 
  1–τ 0.93 0.94 0.95 0.96 0.91 0.92 0.96 0.96 0.93 0.90 0.90 0.89 0.95 0.99 
  Fuzzy Distance 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 
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Table S9. Summary of the metrics for the Last Glacial Maximum (LGM) simulations for each of the individual models, calculated for the complete range of variables. 

 

    PMIP2 OA PMIP2 OAV CMIP5 OA CMIP5 OAC 

Variable Metric CCSM CNRM3.3 ECBILT FGOALS1 HadCM3 IPSL4 MIROC ECHAM (OAV) HadCM3 (OAV) CCSM4 CNRM5 GISS.E2 MPI (ESM) MRI3 COSMOS IPSL5 MIROC (ESM) 

SSTann Median Bias -0.02 0.33 0.22 -0.62 -0.48 -0.49 -0.1 -0.93 -0.81 -0.46 0.61 -0.24 -0.19 -0.7 NA -0.99 -0.25 
  IQR Ratio 0.51 0.49 0.72 0.67 0.5 0.38 0.38 0.23 0.5 0.36 0.18 0.45 0.29 0.25 NA 0.44 0.68 
  1-τ 0.77 0.88 0.72 0.74 0.79 0.84 0.9 0.92 0.77 0.85 0.96 0.83 0.9 0.76 NA 0.78 0.77 
  Fuzzy Distance 1.19 1.30 1.18 1.36 1.25 1.38 1.30 1.48 1.39 1.27 1.32 1.22 1.28 1.41 NA 1.50 1.25 
SSTsum Median Bias -0.18 0.38 0.11 -0.88 -0.51 -0.38 -0.08 -1.01 -0.81 -0.52 0.67 -0.52 -0.2 -0.73 NA -1 -0.16 
  IQR Ratio 0.58 0.43 0.97 1.11 0.42 0.47 0.31 0.31 0.49 0.54 0.25 0.47 0.28 0.32 NA 0.55 0.59 
  1-τ 0.94 0.98 0.99 0.95 1 0.99 1 0.99 0.99 0.99 1.03 0.97 1 1.03 NA 0.97 1 
  Fuzzy Distance 1.48 1.68 1.84 1.93 1.54 1.60 1.53 1.67 1.68 1.60 1.63 1.58 1.44 1.59 NA 1.69 1.59 
SSTwin Median Bias 0.07 0.66 -0.23 -0.65 -0.42 -0.14 0.1 -0.83 -0.76 -0.47 0.52 -0.02 -0.16 -0.62 NA -0.55 -0.18 
  IQR Ratio 0.58 0.53 0.86 0.93 0.47 0.6 0.31 0.33 0.51 0.38 0.33 0.35 0.37 0.37 NA 0.51 0.54 
  1-τ 0.95 1 0.97 0.95 0.99 0.98 1.01 0.95 0.98 0.97 1.02 0.95 0.95 0.98 NA 0.96 0.97 
  Fuzzy Distance 1.49 1.63 1.71 1.70 1.35 1.38 1.29 1.43 1.47 1.44 1.46 1.28 1.32 1.48 NA 1.50 1.42 
SInmon Median Bias 0.81 -0.69 2.31 2.31 0.31 NA -0.69 -0.69 0.31 0.31 -0.69 -0.69 -0.69 1.31 NA -0.69 -0.69 
  IQR Ratio 2.53 0 2.11 4.22 1.27 NA 0 2.11 1.69 2.11 0 0 0.84 1.69 NA 1.16 0.84 
  1-τ 0.72 0.95 0.71 0.88 0.78 NA 1.07 0.85 0.79 0.74 0.93 1.14 0.93 0.77 NA 0.74 0.85 

  Fuzzy Distance 2.53 
 NA 2.11 4.22 1.27 NA NA 2.11 1.69 2.11 NA NA 0.84 1.69 NA 1.16 0.84 

MAT Median Bias 1.8 2.97 2.89 0.86 0.15 0.6 2.47 1.33 -1.05 0.88 3.77 0.54 1.68 2.01 0.82 0.43 -0.73 
  IQR Ratio 0.74 0.27 0.61 0.72 1.1 0.68 0.42 0.44 1.45 0.86 0.33 1.18 0.73 0.51 0.44 0.44 1.35 
  1-τ 0.57 1 0.85 0.7 0.75 0.68 0.6 0.89 0.76 0.7 0.67 0.77 0.71 0.71 0.73 0.65 0.73 
  Fuzzy Distance 2.63 3.30 2.93 2.52 2.70 2.82 2.36 2.78 3.38 2.74 3.57 3.51 2.80 3.04 2.39 2.21 3.26 
MTCO Median Bias 5.17 5.78 7.29 5.62 3.37 4.14 6.23 4.53 2.9 4.61 5.9 4.11 4.36 4.52 3.12 3.23 2.44 
  IQR Ratio 0.94 0.32 0.26 0.69 0.85 0.53 0.53 0.39 0.94 0.92 0.62 0.69 0.7 0.78 0.32 0.43 1.03 
  1-τ 0.62 0.82 0.78 0.77 0.77 0.75 0.7 0.8 0.75 0.69 0.66 0.72 0.67 0.75 0.61 0.58 0.69 
  Fuzzy Distance 4.96 5.52 6.24 5.05 4.43 4.26 4.91 4.33 4.75 4.34 4.59 5.19 4.47 3.61 4.32 4.22 4.37 
MTWA Median Bias 0.66 1.51 1.15 -2.68 -2.21 -1.43 0.21 0.26 -3.95 -1.41 4.74 -1.68 -0.13 1.16 -1 -0.96 -2.3 
  IQR Ratio 0.52 0.29 0.43 0.8 0.77 0.7 0.62 0.38 0.71 0.5 0.58 0.86 0.53 0.3 0.49 0.54 0.69 
  1-τ 0.81 0.9 0.81 0.92 0.66 0.64 0.69 1.04 0.63 0.72 1.18 0.97 0.7 1 0.81 0.72 0.67 
  Fuzzy Distance 3.26 4.35 3.28 4.36 3.98 3.83 3.16 4.31 5.04 3.05 6.30 4.86 3.56 4.18 3.44 3.20 3.24 
GDD5 Median Bias -124.11 52.29 109.06 -340.42 -485.53 -410.81 -86.07 -90.72 -705.57 -312.7 393.01 -446.33 -274.62 -127.72 -592.37 -481.68 -365.75 
  IQR Ratio 0.56 0.64 0.4 0.43 0.69 0.41 0.6 0.7 0.6 0.49 0.53 0.32 0.67 0.64 1.12 0.7 0.55 
  1-τ 0.6 0.82 0.74 0.58 0.63 0.64 0.61 0.79 0.63 0.59 0.74 0.65 0.67 0.68 0.73 0.66 0.62 
  Fuzzy Distance 357.33 633.98 464.76 507.93 509.07 528.69 463.43 478.09 621.61 467.06 671.54 610.52 399.02 479.12 637.89 521.39 546.36 
MAP Median Bias 123.03 89.11 54.85 334.24 171.3 172.36 141.2 143.17 202.87 132.44 106.81 90.07 109.85 33.53 50.88 40.32 9.74 
  IQR Ratio 0.75 0.92 0.54 0.84 1.16 0.55 0.86 0.52 1.1 0.68 0.48 0.83 0.83 0.83 0.76 0.78 0.9 
  1-τ 1.08 1.01 0.92 1.12 1.11 1.01 1.05 1.16 1.14 1.07 0.86 0.93 0.95 0.86 0.89 0.84 0.97 
  Fuzzy Distance 199.35 174.60 149.05 387.37 205.58 211.32 203.95 208.64 228.00 206.18 135.91 162.74 219.73 169.63 188.58 166.17 209.67 
α Median Bias 0.02 0.04 -0.02 0.04 0.08 0.07 0.06 0.05 0.09 0.01 0.02 0.02 0.05 -0.01 0.01 0 -0.07 
  IQR Ratio 2.11 3.07 2.29 2.54 2.82 1.55 2.77 2.05 3.45 2.34 2.18 4.19 2.6 2.6 3.19 2.85 3 
  1-τ 0.77 0.76 0.83 0.81 0.83 0.72 0.79 0.86 0.88 0.75 0.74 0.74 0.79 0.81 0.81 0.73 0.83 
  Fuzzy Distance 0.11 0.10 0.10 0.11 0.12 0.10 0.13 0.11 0.17 0.10 0.09 0.13 0.12 0.13 0.13 0.13 0.12 
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Table S10. Summary of the metrics for the simulations for Mid-Holocene (MH) for each of the individual models. 

    
PMIP2 OA PMIP2 OA PMIP2 OAV 

Variable Metric CCSM CSIRO3.1.0 CSIRO3.1.1 ECBILT.LV ECHAM FGOALS1 FOAM GISS.E IPSL4 MIROC MRI2fa MRI2 HadCM3 ECBILT.LV 
(OAV) 

ECHAM 
(OAV) 

FOAM 
(OAV) 

MRI2fa 
(OAV) 

SSTann Median 
Bias -0.36 -0.17 -0.12 -0.22 NA -0.19 -0.14 -0.53 -0.23 -0.46 -0.32 -0.59 -0.31 -0.12 -0.34 -0.21 -0.17 

  IQR Ratio 0.37 0.47 0.5 0.24 NA 0.4 0.31 0.56 0.46 0.33 0.3 0.25 0.35 0.33 0.22 0.22 0.33 
  1–τ 0.89 0.95 1.01 0.87 NA 0.98 1.02 0.9 1.07 0.96 0.93 0.78 1.12 0.86 0.82 0.88 0.89 

  
Fuzzy 
Distance 0.56 0.59 0.53 0.48 NA  0.57 0.55 0.74 0.55 0.61 0.58 0.75 0.50 0.45 0.48 0.59 0.53 

MAT Median 
Bias -0.14 0.47 0.46 0.1 -0.02 -0.15 0.5 -0.01 0.74 -0.13 0 -0.55 0.04 0.33 0.02 0.19 0.13 

  IQR Ratio 0.17 0.23 0.26 0.16 0.16 0.18 0.25 0.29 0.17 0.2 0.21 0.14 0.2 0.17 0.16 0.37 0.22 
  1–τ 0.97 0.94 0.9 0.91 0.93 1.07 0.95 0.91 0.87 0.96 0.88 0.99 0.99 0.9 0.96 0.92 0.87 

  
Fuzzy 
Distance 1.16 1.13 1.11 1.09 1.10 1.21 1.22 1.12 1.22 1.14 1.10 1.28 1.15 1.11 1.13 1.22 1.05 

MTCO Median 
Bias -0.31 0.4 0.71 -0.03 -0.13 -0.49 0.15 -0.43 0.48 -0.6 -0.1 -0.82 -0.08 0.35 0.13 -0.05 -0.08 

  IQR Ratio 0.26 0.29 0.32 0.14 0.38 0.26 0.2 0.28 0.3 0.29 0.2 0.27 0.25 0.15 0.16 0.34 0.28 
  1–τ 1.05 0.93 0.86 0.97 1.04 1.04 0.95 0.92 0.89 1.09 0.96 1 0.98 0.91 0.95 0.95 1.01 

  
Fuzzy 
Distance 1.46 1.51 1.44 1.40 1.47 1.61 1.43 1.46 1.43 1.59 1.43 1.70 1.44 1.36 1.38 1.64 1.36 

MTWA Median 
Bias 0.98 1.44 1.41 0.56 0.99 1.76 1.8 1.02 2 1.31 1.32 1.17 1.55 0.78 0.83 1.51 1.55 

  IQR Ratio 0.3 0.4 0.39 0.38 0.29 0.55 0.48 0.44 0.28 0.36 0.27 0.32 0.39 0.37 0.28 0.39 0.32 
  1–τ 1.09 1.07 1.05 1.01 1.12 1.11 1.06 1.05 1.06 1.09 0.99 1.01 1.14 1 1.12 1.04 1.02 

  
Fuzzy 
Distance 1.49 1.87 1.79 1.36 1.55 2.23 2.18 1.65 2.17 1.61 1.63 1.57 1.98 1.53 1.49 1.89 1.85 

GDD5 Median 
Bias -24.87 48.6 54.15 -23.9 -10 21.83 87.12 4.93 119.16 8.74 8.14 -46.24 28.96 20.2 -22.26 49.08 37.7 

  IQR Ratio 0.15 0.28 0.29 0.17 0.21 0.27 0.26 0.32 0.19 0.21 0.19 0.26 0.19 0.16 0.18 0.3 0.23 
  1–τ 0.98 1.02 0.99 0.92 1.09 1.19 1.01 1.02 0.91 1.04 0.86 1.07 1.09 0.89 1.08 0.96 0.94 

  
Fuzzy 
Distance 195.91 196.91 199.06 199.27 210.70 228.74 210.50 198.14 228.13 199.60 184.10 206.22 200.66 203.82 205.81 199.38 191.77 

MAP Median 
Bias -52.45 -47.96 -42.63 -43.76 -38.47 -38.75 -47.46 -44.3 -36.38 -54.24 -57.48 -64.06 -43.27 -36.26 -41.53 -44.51 -53.42 

  IQR Ratio 0.2 0.24 0.2 0.23 0.31 0.27 0.23 0.29 0.24 0.26 0.23 0.23 0.22 0.26 0.23 0.28 0.28 
  1–τ 0.95 1.07 1.07 1.03 0.77 0.94 1.1 0.98 0.92 0.89 0.89 0.84 0.96 0.91 0.8 1.03 0.88 

  
Fuzzy 
Distance 92.99 98.62 86.63 95.02 76.03 82.74 93.73 94.23 81.53 91.75 92.75 92.35 85.29 84.01 77.54 95.40 87.92 

α Median 
Bias -0.03 -0.04 -0.04 -0.02 -0.01 -0.02 -0.03 -0.04 -0.04 -0.04 -0.03 -0.04 -0.03 -0.01 -0.02 -0.02 -0.03 

  IQR Ratio 0.5 0.94 0.84 0.57 0.52 0.63 0.82 0.84 0.76 0.75 0.77 0.74 0.8 0.6 0.48 0.8 0.85 
  1–τ 1 1.03 1 0.99 0.88 0.92 1.09 0.99 0.86 0.96 0.96 0.93 0.98 0.91 0.88 1.06 0.92 

  
Fuzzy 
Distance 0.05 0.06 0.06 0.05 0.04 0.05 0.06 0.06 0.05 0.06 0.05 0.06 0.06 0.04 0.04 0.06 0.06 

 

 

 

 

 

 

  



42 
 

Table S10 continued.  
 

    
PMIP2 OAV CMIP5 OA CMIP5 OAC 

Variable Metric MRI2 
(OAV) 

HadCM3 
(OAV) CCSM4 CNRM5 CSIRO3.6 EARTH FGOALSG

2 FGOALS2 GISS.E2 MPI 
(ESM) MRI3 CSIRO3.1.

2 BCC HadGEM2 
(CC) 

HadGEM2 
(ESM) IPSL5 MIROC 

(ESM) 

SSTann Median Bias -0.07 -0.31 -0.39 -0.09 -0.21 NA NA NA -0.28 -0.3 -0.27 -0.24 -0.41 -0.06 -0.08 -0.26 -0.59 

  IQR Ratio 0.34 0.38 0.17 0.48 0.42 NA NA NA 0.4 0.45 0.46 0.33 0.41 0.42 0.49 0.45 0.26 

  1–Tau 0.9 0.98 0.93 0.98 0.97 NA NA NA 0.84 0.84 0.86 1.03 0.94 0.89 1.03 0.9 0.95 

  
Fuzzy 
Distance 0.52 0.58 0.60 0.55 0.57 NA NA NA 0.59 0.57 0.52 0.63 0.64 0.49 0.56 0.52 0.71 

MAT Median Bias 0.56 0.27 -0.51 0.48 0.2 0.01 -0.75 0 -0.07 0.01 0.04 0.19 0.01 0.6 0.64 0.03 -0.55 

  IQR Ratio 0.46 0.2 0.21 0.21 0.24 0.25 0.18 0.21 0.23 0.16 0.14 0.16 0.24 0.35 0.28 0.16 0.27 

  1–Tau 0.94 0.9 0.91 0.88 0.9 0.94 0.94 0.93 0.9 0.95 0.93 0.93 0.92 0.91 0.93 0.91 0.94 

  
Fuzzy 
Distance 1.42 1.09 1.18 1.23 1.05 1.11 1.38 1.11 1.09 1.12 1.09 1.08 1.10 1.23 1.20 1.10 1.28 

MTCO Median Bias 0.4 0.15 -1.07 0.76 0.07 0.21 -0.91 -0.05 0.21 -0.12 -0.26 0.15 -0.18 0.76 0.51 -0.21 -0.79 

  IQR Ratio 0.3 0.32 0.31 0.3 0.34 0.33 0.15 0.34 0.24 0.25 0.22 0.19 0.31 0.56 0.31 0.29 0.31 

  1–Tau 0.95 0.9 1.1 0.87 0.92 0.86 0.99 0.89 0.91 0.92 1.08 0.94 0.95 0.92 0.95 0.96 1.06 

  
Fuzzy 
Distance 1.60 1.34 1.91 1.81 1.38 1.68 1.65 1.34 1.40 1.43 1.50 1.37 1.44 1.81 1.51 1.41 1.69 

MTWA Median Bias 2.27 1.57 1.24 1.69 1.38 0.92 0.6 1.12 0.78 1.08 1.08 1.27 1.28 0.97 1.79 1.28 0.82 

  IQR Ratio 0.54 0.44 0.35 0.22 0.5 0.41 0.3 0.47 0.32 0.31 0.29 0.42 0.45 0.37 0.52 0.3 0.34 

  1–Tau 1 1.03 1.04 1.06 1.05 1.02 1.11 1.07 1.08 1.03 1.18 1.05 1.05 0.97 0.93 0.99 1.06 

  
Fuzzy 
Distance 2.51 2.02 1.59 1.98 1.99 1.48 1.35 1.61 1.33 1.56 1.59 1.75 1.80 1.57 2.20 1.59 1.46 

GDD5 Median Bias 148.31 55.19 -25.98 83.41 33.65 -37.33 -106.45 -15.68 -15.39 -2.43 3.77 22.46 5.51 59.4 88.77 19.2 -72.07 

  IQR Ratio 0.57 0.2 0.21 0.17 0.29 0.27 0.26 0.22 0.31 0.22 0.15 0.23 0.25 0.34 0.36 0.18 0.27 

  1–Tau 1.01 0.97 0.98 0.95 0.99 1 0.98 1 0.93 1.07 1.15 1.05 1 0.88 0.9 0.89 0.97 

  
Fuzzy 
Distance 278.94 193.92 209.11 229.71 200.83 190.37 223.19 201.54 199.29 201.84 209.63 195.33 197.42 204.64 231.52 188.24 215.77 

MAP Median Bias -32.12 -44.79 -68.97 -40.32 -59.81 -47.27 -83.09 -46.92 -39.03 -45.81 -49.04 -46.56 -54.61 -48.66 -46.37 -44.54 -74.01 

  IQR Ratio 0.38 0.29 0.26 0.24 0.26 0.27 0.21 0.19 0.38 0.35 0.22 0.23 0.17 0.39 0.35 0.23 0.34 

  1–Tau 0.87 1.01 0.87 0.82 1 0.89 0.89 0.94 0.91 0.82 0.82 1.04 1.06 0.87 0.87 0.95 0.93 

  
Fuzzy 
Distance 76.57 94.75 101.22 84.20 99.70 90.40 109.71 83.18 84.46 80.80 84.60 93.57 96.91 87.95 86.15 85.76 99.27 

α Median Bias -0.02 -0.03 -0.04 -0.02 -0.05 -0.03 -0.04 -0.03 -0.02 -0.03 -0.03 -0.04 -0.03 -0.03 -0.04 -0.03 -0.05 

  IQR Ratio 1.02 0.94 0.86 0.66 1.15 0.81 0.7 0.52 0.78 0.82 0.58 0.9 0.67 0.89 1.3 0.71 0.9 

  1–Tau 0.91 1 0.93 0.87 1 0.94 0.95 0.95 0.85 0.82 0.98 1 1.01 0.98 0.97 0.95 1 

  
Fuzzy 
Distance 0.05 0.05 0.06 0.04 0.07 0.05 0.06 0.05 0.04 0.05 0.05 0.06 0.05 0.06 0.06 0.05 0.07 
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