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Figure 5.1: a) Two reconstructions of volcanic forcing for the past 1000 years derived from ice core sulfate and used 5 

for PMIP3-CMIP5 (Coupled Model Intercomparison Project) simulations (Schmidt et al., 2011). GRA: (Gao et al., 6 

2008); CEA: (Crowley and Unterman, submitted; Crowley and Hyde, 2008; Timmreck et al., 2009). Volcanic sulfate 7 

peaks identified from their isotopic composition as originating from the stratosphere (Cole-Dai et al., 2009) are 8 

indicated by squares (green: Greenland; brown: Antarctica) (Baroni et al., 2008). b) TSI reconstructions back to 1000 9 

CE. Proxies of solar activity (e.g., sunspots, 10Be) are used to estimate the parameters of the models or directly TSI. All 10 

records except LBB (Lean et al., 1995) have been used for PMIP3-CMIP5 simulations (Schmidt et al., 2011). DB: 11 

(Delaygue and Bard, 2011); MEA: (Muscheler et al., 2007); SBF: (Steinhilber et al., 2009); WLS: (Wang et al., 2005b); 12 

VSK: (Vieira et al., 2011). Before 1600 CE, the 11-year cycle has been added artificially to the original data. c) TSI 13 

reconstruction (100-year low-pass filtered; grey shading: 1 standard deviation uncertainity range) for the past 9300 14 

years (Steinhilber et al., 2009). The reconstruction is based on 10Be and calibrated using the relationship between 15 

instrumental data of the open magnetic field, which modulates the production of 10Be and TSI for the past 4 solar 16 

minima. d) Wavelet analysis (Torrence and Compo, 1998) of TSI showing the existence of several periodicities (87, 17 

104, 130, 150, 208, 350, 515, 980, 2300 years) with varying amplitudes.18 
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Figure 5.2: (Top) Radiative forcings and perturbations and orbital-scale Earth system responses 3.6 Ma to present. 4 

Changes in Earths orbital parameters, eccentricity, obliquity, and precession (Laskar et al., 2004). Sea level curve 5 

(purple) is the stacked benthic oxygen isotope proxy for ice volume and ocean temperature (Lisiecki and Raymo, 2005) 6 

calibrated to global average eustatic sea level (Miller et al., submitted; Naish and Wilson, 2009). Also shown are global 7 

eustatic sea level reconstructions for the last 500 kyr based on sea level calibration of the δ18O curve using dated coral 8 

shorelines (grey line; Waelbroeck et al., 2002), and the Red Sea sediment cores (red line; Rohling et al., 2009; Siddall et 9 
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al., 2003) and weighted mean estimates (2 standard deviation uncertainity) for far-field reconstructions of eustatic peaks 1 

during mid-Pliocene interglacials (red dots; Miller et al., submitted). The dashed horizontal line represents present day 2 

sea level. Tropical sea surface temperature based on a stack of 4 alkenone-based SST reconstructions (Herbert et al., 3 

2010). Atmospheric CO2 measured from EPICA Dome C ice core (blue line; Lüthi et al., 2008), and estimates of CO2 4 

from boron δ11B isotopes in foraminifera in marine sediments (blue triangles; Hönisch et al., 2009; Seki et al., 2010), 5 

and phytoplankton alkenone-derived carbon isotope proxies (red diamonds; Pagani et al., 2010; Seki et al., 2010), 6 

plotted with 2 standard deviation uncertainity. Present and pre-industrial CO2 concentrations are indicated with dashed 7 

grey line. (Bottom) Concentration of atmospheric CO2 for the last 65 Ma is reconstructed from marine and terrestrial 8 

proxies complied by Beerling and Royer (2011) (see for details and data references;additional boron CO2 proxy data 9 

from (Pearson and Palmer, 2000) are also included). Individual proxy methods are colour-coded. Errors represent 10 

reported uncertainties (plotted with 2 standard deviation uncertainity; see also Table 5.1 for assessment of confidence of 11 

proxies). Most of the data points for CO2 proxies are based on duplicate and multiple analyses. The blue line is a median 12 

filter of all the data points with a time window of 5 Myr plotted from 46 to 30 Ma, and 1 Myr from 30 Ma to present. 13 

Shaded grey areas (from left to right) highlight past periods of global warmth during the Early Eocene (about +10°C 14 

global mean) and the early to mid Pliocene (about +3°C global mean) (see also Figure 5.3).15 
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Figure 5.3: Comparison between paleoclimate proxy data and climate model output for a) SST, b) zonal mean 4 

meridional SST gradient, d) zonal mean meridional surface air temperature (SAT) gradient, and e) SAT anomalies for 5 

the Early Eocene Climatic Optimum (EECO, top row), the Mid-Pliocene Warm Period (MPWP, middle row) and the 6 
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LGM (bottom row). Model temperature anomalies are calculated relative to the preindustrial value of each model in the 1 

ensemble* prior to calculating the multi model mean anomaly (a, e; colour shading). Zonal mean anomalies of the multi 2 

model mean (b, d) are plotted with a shaded band indicating 2 standard deviation uncertainity. Site specific temperature 3 

anomalies estimated from proxy data are calculated relative to present site temperatures and are plotted (a, e) using the 4 

same colour scale as the model data, and a circle size scaled to estimates of confidence. In the zonal plots (b, d) the 5 

proxy data anomalies are shown with error bars indicating 2 standard deviation uncertainity. Temperature proxy data 6 

compilations for the LGM are from MARGO Project Members (2009) and Bartlein et al. (2011), for the MPWP are 7 

from Dowsett et al. (submitted) and Salzmann et al. (2008), and for the EECO are from Hollis et al. (submitted). Polar 8 

amplification at each latitude c) is calculated as the zonal mean SST or SAT anomaly (b, d), normalised to the global 9 

mean temperature anomaly, and is plotted with shaded bands indicating 2 standard deviation uncertainity for each of the 10 

time periods. Global mean SST and SAT anomaly calculated from the model ensembles for each time period are shown 11 

as a number in b) and d), respectively. 12 

*Model ensembles include for: (i; LGM) PMIP3 ensemble; MIROC, CCSM4, AWI, MPI (ii; MPWP) PlioMIP 13 

ensemble; MIROC, NCAR, GISS, HadCM3 (Dowsett et al., submitted; Pope et al., 2011) (iii. EECO) EoMIP 14 

ensemble; HadCM3L, ECHAM5, CCSM3, GISS (Heinemann et al., 2009; Lunt et al., 2010b; Roberts et al., 2009; 15 

Winguth et al., 2010). 16 

17 
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Figure 5.4: Strengths of feedbacks at LGM from data and multi-model ensembles. [PLACEHOLDER for PMIP3 4 

models: others will be included later.] Relation of feedback parameters between CO2 doubling (2 x CO2) and LGM 5 

climate simulations: a) scatter plot of climate feedback parameter (stratosphere-adjusted radiative forcing divided by the 6 

equilibrium temperature change); b) scatter plot of shortwave cloud feedback parameter (i.e., shortwave component of 7 

feedback parameter attributable to the change in clouds); c) zonal mean surface air temperature change for LGM, 8 

LGMGHG, and LGMICE experiments with respect to the preindustrial reference simulation. Here, LGMGHG refers to 9 

the experiment with CO2 concentration being lowered to the LGM level while LGMICE refers to the experiment with 10 

prescribed LGM ice sheets and orbital parameters; and d) individual feedback parameters for 31-member physics 11 

parameter ensembles (PPE). In a) and b), solid circles are for 4 Atmosphere-Ocean GCMs and blue (+) and (x) are for 12 

MIROC3.2 T42 and T21 Atmosphere GCM-slab ocean model PPE. Also plotted are the one-to-one lines. In d), WV, 13 

LR, A, CSW, CLW denote water vapor, lapse-rate, surface albedo, shortwave cloud, and longwave cloud feedbacks, 14 

respectively. ALL denotes sum of all feedbacks. Data are obtained from Crucifix (2006), Yoshimori et al. (2009), and 15 

Yoshimori et al. (2011). 16 

17 



First Order Draft Chapter 5 IPCC WGI Fifth Assessment Report 

Do Not Cite, Quote or Distribute 5-85 Total pages: 109 

 1 

 2 

 3 

Figure 5.5: Orbital forcing and proxy records over the past 800 kyr. a) Maximum summer insolation at 65oN (Berger 4 

and Loutre, 1991), b) the atmospheric concentration of CO2 from Antarctic ice cores (Ahn and Brook, 2008; EPICA 5 

Community Members, 2004; Petit et al., 1999), c) Greenland temperature reconstructed from δ18O in NGRIP ice core 6 

(North Greenland Ice Core Project members, 2004), d) the tropical SST stack (Herbert et al., 2010), e) the of Antarctic 7 

temperature stack based on up to seven different ice cores (Barbante et al., 2006; Blunier and Brook, 2001; Jouzel et al., 8 

2007; Petit et al., 1999; Stenni et al., 2011; Watanabe et al., 2003), f) the stack of benthic δ18O, a proxy for global ice 9 

volume and deep ocean temperature (Lisiecki and Raymo, 2005), g) the reconstructed sea level (Waelbroeck et al., 10 

2002). Solid lines represent orbital forcing and proxy records, dashed lines depict results of simulations with climate 11 

and climate-ice sheet models forced by variations of the orbital parameters and the atmospheric concentrations of the 12 

major GHG. Short dashed line - CLIMBER-2 (Ganopolski et al., 2010), long dashed line - IcIES (Abe-Ouchi et al., 13 

2007), dotted line - Bern3D (Ritz et al., 2011) . Note the change of the time scale at 140 ka. 14 

15 
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Figure 5.6: Model-data comparison of annual mean surface temperature anomalies for the Last Interglacial. Top panel 4 

are proxy data estimates of Turney and Jones (2010) and McKay et al. (2011). McKay et al.(2011) calculated an annual 5 

anomaly for each record as the average SST of the 5 kyr period centered on the warmest temperature between 135 ka 6 

and 118 ka and then subtracting the average SST of the late Holocene (5 ka to 0 ka). Turney and Jones (2010) 7 

calculated the annual temperature anomalies relative to 1961–1990 CE by averaging the LIG temperature estimates 8 

across the isotopic plateau in the marine and ice records and the period of maximum warmth in the terrestrial records. In 9 

both reconstructions the anomalies are not necessarily synchronous in time geographically. Middle and bottom panels 10 

are respectively annual and June-July-August multi-model averages, left, and standard deviations, right, of model 11 

simulations for 125ka. Two models are assessed: CCSM3 and HadCM3. [Note: more model simulations and estimate of 12 

spread are expected for the SOD].13 
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Figure 5.7: Comparisons of simulated and reconstructed NH temperature change. a) Simulations shown by coloured 4 

lines (thick lines: multi-model-mean; thin lines: multi-model 90% range; red/blue lines: models forced by 5 

stronger/weaker solar variability, though other forcings and model sensitivities also differ between the red and blue 6 
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groups); overlap of reconstructed temperatures shown by green shading; all data are expressed as anomalies from their 1 

1500–1850 CE mean and smoothed. Note that some reconstructions represent a smaller spatial domain than the full NH 2 

or a specific season, while annual temperatures for the full NH mean are shown for the simulations. Superposed 3 

composites (time segments from selected periods positioned so that the years with peak negative forcing are aligned) of 4 

the forcing and temperature response to b) individual volcanic forcing events; d) multi-decadal changes in volcanic 5 

activity; f) multi-decadal changes in solar irradiance. Upper panels show the volcanic or solar forcing for the individual 6 

selected periods together with the composite mean (thick); in d), the composite mean of the volcanic forcing (red) 7 

during the solar composite is also shown. Lower panels show the NH temperature composite means and 90% range of 8 

spread between simulations (dark red line, pink shading) or reconstructions (green line and shading), with overlap 9 

shaded in orange. Mean NH temperature difference between e) MCA (950–1250 CE) and LIA (1450–1750 CE) and f) 10 

20th century (1900–2000) and LIA, from reconstructions (light green), multi-reconstruction mean and range (dark 11 

green), multi-model mean and range (brown), and simulations (red). Models forced by stronger/weaker solar variability 12 

are shown by circles/triangles; where an ensemble of simulations is available from one model, the ensemble mean is 13 

show in red and the individual ensemble members by brown circles. Results are sorted into ascending order and 14 

labelled. Further details are given in the supplementary material.15 
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Figure 5.8: Average (AVG; a, d), standard deviation of the average (SD; b, e) and signal to noise ratio 4 

(SNR=|AVG|/SD); c, f) for the MCA-LIA annual temperature change in the ensemble of forced simulations of the last 5 

millennium produced with different Atmosphere-Ocean GCMs, both for strong (a, b, c) and for weak (d, e, f) solar 6 

forcing variability levels. For the simulations starting in 1000 CE, the period 1000 CE to 1250 CE was selected to 7 

define the MCA. 10 (11) simulations provided by 6 (2) different GCMs have been used for the strong (weak) solar 8 

forcing ensemble. The contributing models have been CCSM3, CSIRO, CSM1.4, CNRM, ECHO-G, IPSL and the 9 

MPI-ESM. A list of the model simulations involved and main characteristics is provided in the supplementary material. 10 

All simulated fields were interpolated to the smallest resolution in the ensemble (i.e., R21 for the CSIRO simulations). 11 

12 
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Figure 5.9: Regional temperature reconstructions, comparison with model simulations over the past millennium (1001–4 

1999 CE). Temperature anomalies with respect to a reference period as indicated in each panel (black bold line), and 5 

uncertainty estimated provided by each individual reconstruction (gray envelope). Individual temperature anomalies 6 

from Last Millennium simulations (colors). All lines are smoothed by applying a 50 year moving average. The models 7 
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used are: Pre-PMIP3: ECHO-G (González-Rouco et al., 2006), CCSM (Ammann et al., 2007), CCSM-Bern (Hofer et 1 

al, 2011), MPI-ESM, MPI-ESM E1 (Jungclaus et al., 2010), CNRM (Swingedouw et al., 2011). PMIP3: CCSM4-2 

NCAR (Landrum et al., submitted), GISS (Schmidt et al., 2006), HadCM3-Edin (Tett et al., 2006), MIROC-ESM 3 

(Watanabe et al., 2011). Reconstructions by region: Arctic (Kaufman et al., 2009), Europe (Büntgen et al., 2011), China 4 

(Ge et al., 2010a), South America (Neukom et al., 2011), Antarctica (Schneider et al., 2006), Australasia (Gergis et al., 5 

submitted). 6 

7 
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Figure 5.10: Model-data comparison of surface temperature anomalies for the mid-Holocene (about 6 ka). Top panel 4 

are proxy data estimates from pollen-based reconstruction of Bartlein et al. (2010) and the GHOST global database for 5 

alkenone-derived SST records (Leduc et al., 2010). Large symbols are used to indicate grid points with significant 6 

anomalies (i.e., those that exceed twice the pooled standard error of the reconstructions) while small symbols indicate 7 

anomalies that are not significant by this measure. Middle and bottom panels are respectively annual and June-July-8 

August multi-model averages, left, and standard deviations, right, of model simulations. Eight models are assessed: 9 

AWI-COSMOS, BCC-CSM-1, CCSM4, CNRM-CM5, KNMI-ECEarth, MPI-ESM, MRI-CGCM3, and 10 

UBRIS_HadCM3_MOSES2.1.11 
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Box 5.2, Figure1: Time-distance diagrams for glaciers front and (or) of equilibrium-line altitude (ELA) variations. The 4 

selected series are well chronologically constrained and reptersent different climatic regions in the Northern and 5 

Southern Hemispheres. a) The Holocene – Northern Scandinavia. Depression of equilibrium-line altitude (dELA) from 6 

Northern Folgefonna based on lacustrine sediments (Bakke et al., 2005a; Bakke et al., 2005b; Bakke et al., 2010; Nesje, 7 

2009). The Alps. Summary of glacier variations (Ivy-Ochs et al., 2009). Himalaya, Central Nepal. dELA defined from 8 

the position of moraines dated by exposure rates with dating uncertainties (Gayer et al., 2006). Bolivian Andes. ELA of 9 

the Telata glacier from 10Be dates (Jomelli et al., 2011). b) Last 2000 years – ELA variations in Northern Norway based 10 

on the bulk density sediment record (Bakke et al., 2005b). The Alps. Fluctuations of the Great Aletsch glacier. Bars - 11 

life-time of the fossil trees (Holzhauser et al., 2005). Southern Tibetan Plateau. Summary of glacier variations (after 12 

Yang et al., 2003; Yang et al., 2008). Glacial advances in the tropical Andes (Peru and Bolivia) with dating 13 

uncertainties (after Jomelli et al., 2008; Jomelli et al., 2009).14 
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Figure 5.11: Millennial and orbital scale variability of global Monsoon systems: upper left: Boreal summer insolation 6 

changes at 20oN; middle left: East Asian Monsoon record compiled from the Hulu cave 18O anomaly record (Wang et 7 

al., 2001) and the Sanbao 18O anomaly cave records (Wang et al., 2008) in China (red) (the Hulu data were reduced by 8 

1 ‰ to account for a regional offset with the Sanbao cave record), West African Monsoon proxy from salinity 9 

reconstructions in the Gulf of Guinea (Weldeab et al., 2007); lower left: simulated annual mean rainfall anomalies in 10 

east Asia (covering the grid boxes of Hulu and Sanbao cave) from two climate model simulations covering the last 120 11 

kyr, conducted with the orbitally-accelerated LOVECLIM model (red)(Timm et al., 2008) and a series of climate 12 

snapshot experiments with the HADCM3 model (gray)(Singarayer and Valdes, 2010); upper right: February insolation 13 

at 20oS; middle right: 18O anomalies from Botuvera speleothem data (Brazil) (Cruz et al., 2009), characterizing South 14 

American Monsoon changes; lower right: same as lower left, but for simulated rainfall anomalies in Brazil (covering 15 

the grid boxes of the Botuvera cave). Note, that 18O anomalies in speleothems represent a mixture of local rainfall 16 

changes and changes in the source region of the moisture (LeGrande and Schmidt, 2009; Pausata et al., 2011). 17 

18 
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Figure 5.12: Severity, duration, and frequency of droughts in the Monsoon Asia (Cook et al., 2010) and North 4 

American (Cook et al., 2004) Drought Atlases. The box in a) and d) indicates the region over which the tree ring 5 

reconstructed Palmer Drought Severity Index (PDSI) values have been averaged to form the regional mean time series 6 

in c) and f), respectively. The covariance of drought (PDSI < 0) duration and cumulative severity is shown in panels b) 7 

and e), along with the respective frequency histograms for each quantity. Not shown in b) is an outlier with an apparent 8 

duration of 24 years, corresponding to the 'Strange Parallels' drought identified in Cook et al. (2010). Return intervals 9 

for droughts of given durations are estimated as the mean interval between their occurrence, with minimum and 10 

maximum intervals indicated, and are plotted in the same panels. No error bars are present if there is only a single 11 

observation of a drought of that duration. The period of analysis is restricted to the period 1300 CE to 1950 CE for 12 

Monsoon Asia, following Cook et al. (2010), and from 800 CE to 2006 CE for North America, following Cook et al. 13 

(2004). 14 

15 
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Figure 5.13: Flood frequency from paleofloods, historical and instrumental records in selected European rivers. 5 

Number of floods that exceeded a particular discharge threshold or flood level within a centred window of 31-years. 6 

Flood categories include large-catastrophic floods (CAT) that produced high discharge or severe damages, and 7 

extraordinary floods (EXT) causing inundation of the floodplain with moderate to minor damages. Legend at each panel 8 

indicates for each category the period of record, number of floods, and the average occurrence interval (in years). a) 9 

Tagus River combined paleoflood, historical and instrumental flood records from Aranjuez with thresholds of 300–700 10 

m3s–1 (EXT) and >700 m3s–1 (CAT) (Benito et al., 2003a; Benito et al., 2003b). b) Segura River Basin (SE Spain) 11 

documentary and instrumental records at Murcia (Barriendos and Rodrigo, 2006; Barriendos and Martin-Vide, 1998; 12 

Machado et al., in press). c) Gardon River combined discharges from paleofloods at La Baume (Sheffer et al., 2008), 13 

documented floods (since the 15th century and historical and daily water stage readings at Anduze (1741 CE to 2005 14 

CE; Neppel et al., 2010). Discharge thresholds referred to Anduze are 1000–3000 m3s-1 (EXT) and >3000 m3s–1 (CAT). 15 

At least five floods larger than the 2002 CE-flood (the largest in the gauged record) occurred in the period 1400 CE to 16 

1800 CE (Sheffer et al., 2008). d) Tiber River floods in Rome from observed historical stages (since 1100 CE; Calenda 17 

et al., 2005; Camuffo and Enzi, 1996; Camuffo et al., 2003) and continuous stage readings (1870 CE to present) at the 18 
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Ripetta landing (Calenda et al., 2005). Discharge thresholds set at 2300–2900 m3s–1 (EXT) and >2900 m3s–1 (CAT; >17 1 

m stage at Ripetta). Recent flooding is difficult to evaluate in context due to river regulation structures. e) Nahal Zin 2 

(Israel) 2000-year paleoflood record, combined with historical data (1935 CE to 1946 CE) and instrumental records 3 

(from 1951 CE to present) after Greenbaum et al. (2000). Discharge threshold for large floods was set at 400 m3s–1 4 

(CAT). Large floods occurred at 1.38 ± 0.88 ka and the last 60 years, the former is related with regional humid 5 

conditions as recorded in high Dead Sea levels (Greenbaum et al., 2006). f) Vltava River combined documentary and 6 

instrumental flood record at Prague (Brázdil et al., 2005) discharge thresholds: CAT, flood index 2 and 3 or discharge 7 

>2900 m3s–1; EXT flood index 1 or discharge 2000–2900 m3s–1. g) Elbe River combined documentary and instrumental 8 

flood record (Mudelsee et al., 2003). Classes refer to Mudelsee et al. (2003) strong (EXT) and exceptionally strong 9 

(CAT) flooding. h) Oder River combined documentary and instrumental flood record (Mudelsee et al., 2003). i) River 10 

Ouse at York combined documentary and instrumental flood record (Macdonald and Black, 2010). Discharge 11 

thresholds for large floods was set at 500 m3s–1 (CAT) and for ordinary floods at 350–500 m3s–1 (EXT). The map shows 12 

the location of rivers used in the flood frequency plots.13 
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Figure 5.14: Compilation of the different ENSO reconstructions. Left panel: Grey dots indicate the data points from 11 4 

individual ENSO reconstructions (McGregor et al., 2010), (Li et al., 2011) normalised through the 1900 CE to 1978 CE 5 

period, with the reconstruction ensemble mean displayed in blue. The underlying red line is Niño 3 region SSTA 6 

obtained from the HadISST data set (Rayner et al., 2003); Right panel: Grey dots indicate the 30-year running variance 7 

of each of the 11 different ENSO reconstructions with the ensemble mean running variance displayed in blue, while the 8 

overlying dashed red line is the 30-year running variance of the normalised HadISST Niño 3 region SSTA. The dashed 9 

cyan lines indicate the 10 and 90 percentiles obtained from a 2 distribution using the number of available ENSO 10 

proxies shown by the purple line. 11 

12 
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Figure 5.15: Sea level during the Last Interglacial. a) The estimate of global mean sea level by Kopp et al. (2009) (red 4 

line). The orange lines correspond to the 16th and 84th percentiles. b) Predicted sea levels for selected sites in the 5 

Caribbean and North Atlantic on the assumption that ice volumes during the interval from 129 ka to 116 ka are equal to 6 

those of today and isostatic effects (Lambeck et al., in press), displaying the spatial variability that can be expected 7 

across the region. These predictions are strongly dependent on the ice loads over North America both before and after 8 

the interglacial period as well as on mantle rheology and observations from these sites provide more information on ice 9 

histories than on the global sea level function. c) Same as b) but for different sites along the Western Australia coast. 10 

The dependence on details of the ice sheet and on earth-model parameters is less important at these sites than for those 11 

in b). Thus data from these locations, assuming tectonic stability, is more appropriate for estimating LIG ice volumes. 12 

d) Local LIG relative sea level reconstructions from Western Australia based on coral elevations and closed-system U-13 

Th ages that pass diagenetic screening. All results are for in-situ samples and Porites species. Age error bars correspond 14 

to 2 standard deviation uncertainties. Ages are based on the assumption of closed system behaviour and the decay 15 

constants of Cheng et al. (2000), 234U values within 5‰ of modern sea water, 232Th concentrations less than 2 ppb, and 16 

calcite < 2%. All elevations have been normalised to the upper growth limit of corals corresponding to mean low water 17 

spring or mean low sea level. The Western Australian reef locations contributing to the result in a) are distributed along 18 

almost 1300 km of coastline and experience different responses of the land and sea surfaces to changes in glaciation 19 
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before and after the Last Interglacial period because of different coastal geometries and different distances from the 1 

former ice sheets (c). The blue line indicates the simplest interpretation of local sea level consistent with reef 2 

stratigraphy and should be considered as lower limits by an amount indicated by the blue upper limit error bars. The sea 3 

level oscillation at about 126 ka to 125 ka (vertical gray band) is consistent with observed stratigraphy and 4 

geochronology at sites (e.g., Yukutan, Bahamas) when data is reduced using the same criteria (from Dutton and 5 

Lambeck , submitted). The differences from a) in the timing of the start and end of the interglacial interval, as well as in 6 

the timing of the lowstand in the middle of the interval may be a consequence of different assumptions used in deriving 7 

the model ages. The higher amplitudes in a) are a consequence of including geomorphological information that is 8 

poorly constrained in age and data from areas that may be subject to tectonics. e) The Western Australian evidence 9 

(thick blue line) from d) compared the model-predicted result (red line) from c) for a reference site midway between the 10 

northern and southern most localities, the reference ice volume model for the LIG interval (the blue shading) and earth 11 

rheology and ice sheet parameters based on rebound analyses from different regions spanning the interval from Marine 12 

Isotope Stage 6 to the present (c.f. Lambeck et al., 2006). The difference between the observed and predicted functions 13 

provides an estimate of the global mean sea level (green line). Uncertainties in this estimate include the observational 14 

uncertainties from d) and estimates of the model uncertainties. f) Ice sheet model estimates for global mean sea level 15 

during the Last Interglacial for Greenland and Antarctica based on (red curve) the Potsdam CLIMBER intermediate 16 

complexity model (Robinson et al., 2011) plus the Antarctic model of Pollard and DeConto (2009), and (blue curve) the 17 

Hadley Centre GCM (Stone et al., submitted) with the same Antarctic model. g) Same as f) but for Greenland only. h) 18 

Same as f) but for the Antarctica only. Both east and west Antarctica are included in this model but nearly all of the 19 

melt is from West Antarctica. 20 

21 
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Figure 5.16: [PLACEHOLDER FOR SECOND ORDER DRAFT: more results for climate-ice sheet model results will 5 

be included] Modelled Greenland ice sheet distribution at the Last interglacial when the ice sheet volume is the 6 

minimum for each model. a) For the case of Robinson et al (2011) as their “best guess” and b) for the case of Stone et 7 

al (submitted) as their “best guess” with contour interval of 500 meters to show the altitude. Red points in the figures 8 

show the locations of ice core drilling sites: Dye3, GRIP/GISP (summit), NGRIP, NEEM, Camp Century from the 9 

south to the north. 10 

11 
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Figure 5.17: Sea level change during recent and late Holocene time. a-d) High resolution relative sea level results from 4 

saltmarsh data at representative sites, without corrections for glacial isostatic movement of land and sea surfaces. 5 

Locations are given on the map. The North Carolina (a) result is representative of other North American Atlantic coast 6 

locations (Kemp et al., in press). The rate of change occurring late in the 19th century are seen in all high resolution 7 
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saltmarsh records – e.g., (c) Gehrels et al. (2008); (d) Garcia-Artola et al. (2009); Leorri et al. (2008) that extend into 1 

modern time and is consistent with Roman archaeological evidence (Lambeck et al., 2004). The oscillation in sea level 2 

at about 1000 CE seen in the North Carolina record occurs in some (González and Törnqvist, 2009; van de Plassche et 3 

al., 1998) but not all records (c.f., Gehrels et al., 2011; Kemp et al., in press). e) Estimates of global sea level change 4 

from the instrumental record (Jevrejeva et al., 2010). f-i) Observed lower resolution records, without isostatic 5 

corrections except for Blekinge (i) where the isostatic signal dominates the observed sea level change (Yu et al., 2007), 6 

back to 7 ka. The Kiritibati result (f) is for three different locations on the island with each group referred to a locxal 7 

height datum [PLACEHOLDER FOR THE SECOND ORDER DRAFT: the final panel will have the separate records 8 

from the three microatoll fields reduced to a common datum]. The vertical axis for North Queensland (g) and 9 

Mediterranean France (h) correspond to relative sea level with the latter being for three nearby locations for which 10 

differential isostatic effects are less than the observational errors (Lambeck and Bard, 2000). Accuracy estimates are 11 

discussed in the original papers and include height uncertainties arising from the measurements themselves, from 12 

relating the measurement to mean sea level, and, in the case of (i) from the isostatic correction. j) Estimates of global 13 

mean sea level for the last 6 kyr (j) with the contributing records corrected for the isostatic effects at each location 14 

(Lambeck et al., 2010b). 15 

16 
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Figure 5.18: Comparison of paleo proxy data for the last glacial termination (left panels) and 3 transient paleo climate 4 

model simulations (right panels) for the period from 18 ka to 11 ka (Liu et al., 2009b; Menviel et al., 2011). a) Pa/Th 5 

isotope ratio (solid), a proxy for ocean ventilation, from an Atlantic sediment core with uncertainty range (dashed) 6 

(McManus et al., 2004); b) Composite of Alkenone based SST reconstructions from the Portugese margin in the East 7 

Atlantic using cores MD01-2443 (Martrat et al., 2007) and SU8118 (Bard et al., 2000), linearly interpolated onto an 8 

equidistant 100 year time grid; c) Reflectance of Cariaco sediment core, a proxy for rainfall (Peterson et al., 2000); d) 9 

Reconstructed Antarctic temperature anomaly stack, relative to 18 ka and based ice core data EPICA Dome C (Jouzel et 10 

al., 2007), Dome Fuji (Watanabe et al., 2003), Vostok (Petit et al., 1999), Talos (Stenni et al., 2011), EPICA Dronning 11 

Maud Land (Barbante et al., 2006), Byrd (Blunier and Brook, 2001), Law Dome (Morgan et al., 2002); e) North 12 

Atlantic freshwater forcing applied to the transiently forced CCSM3 (red) (Liu et al., 2009b), and LOVECLIM (black) 13 

(Menviel et al., 2011) climate models to mimic millennial-scale variability during the last glacial termination. Both 14 

model simulations apply time-varying GHG, orbital and ice sheet forcing; f) Simulated maximum of the meridional 15 

streamfunction in the North Atlantic [1Sv = 106 m3s–1]; g) Simulated Northeastern Atlantic SST anomalies relative to 16 

18 ka averaged over the ocean grid points in the region 15°W–10°W, 36°N–42°N; h) Simulated changes in 17 

precipitation in percentage, relative to 18 ka in the Cariaco area (8°N–13°N, 67°W–63°W); i) Simulated Antarctic 18 

continent temperature anomalies relative to 18 ka.19 
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Figure 5.19: Compilation of selected paleoenvironmental and climate model data for the 8.2 ka event documenting 4 

temperature and ocean circulation changes around the event and the spatial extent of climate anomalies following the 5 

event. Published age constraints for the period of release of freshwater from glacier lakes Agassiz and Ojibway are 6 
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bracketed in a). Vertical grey bar denotes the main cold event as found in Greenland Ice core records (Thomas et al., 1 

2007). a) Black curve: NorthGrip 18O (temperature proxy) from Greenland Summit. Red curve: Simulated Greenland 2 

temperature in an 8.2 ka event simulation with the ECBilt-CLIO-VECODE model (Wiersma et al., 2011). Blue curve: 3 

Simulated Greenland temperature in an 8.2 event simulation with the CCSM3 model (Morrill et al., in press). b) North 4 

Atlantic/Nordic Seas SST-reconstructions, age models are aligned on the peak of the cold-event (less than 100-year 5 

adjustment). Blue curve: Nordic Seas (Risebrobakken et al., 2011). Black curve: Gardar Drift south of Iceland (Ellison 6 

et al. 2006). c) Deep- and intermediate water records. Black curve: Sortable silt record (overflow strength proxy) from 7 

Gardar Drift south of Iceland (Ellison et al., 2006), Atlantic intermediate water temperature reconstruction (Bamberg et 8 

al., 2010). d) Black curve: 13C (deep water ventilation proxy) at 3.4 km water depth south of Greenland (Kleiven et al., 9 

2008). Age model is aligned on the minimum overflow strength in c) (less than 100-year adjustment). Modelled change 10 

in the strength of the AMOC: Green curve: An 8.2 ka event simulation with the GISS model (LeGrande et al., 2006). 11 

Red curve: An 8.2 ka event simulation with the ECBilt-CLIO-VECODE (v. 3) model (Wiersma et al., 2011). Blue 12 

curve: An 8.2 ka event simulation with the CCSM3 model (Morrill et al., in press). e) Spatial distribution of the 13 

ensemble mean annual mean surface temperature anomaly (°C) from a multi-model water housing experiment with 0.1 14 

Sv freshwater forcing in the NW Atlantic (Stouffer et al., 2006). Paleoclimate data from records resolving the 8.2 ka 15 

event are plotted with symbols: C=cold anomaly, W=warm anomaly, X=No significant anomaly. Main data sources: 16 

(Wiersma et al., 2011), Morrill et al. 2011 with supplements (complete literature list in supplementary information). f) 17 

Spatial distribution of the ensemble mean annual mean precipitation anomaly (mm day-1) from a multi-model water 18 

housing experiment with 0.1 Sv freshwater forcing in the NW Atlantic (Stouffer et al., 2006). Paleoclimate data from 19 

records resolving the 8.2 ka event are plotted with symbols: D=dry anomaly, W=wet anomaly, X=No significant 20 

anomaly. Main data sources: (Wiersma et al., 2011), Morrill et al. in press with supplements (complete literature list in 21 

supplementary information).22 
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Box 5.3, Figure 1: Schematic illustration of multiple interactions between ice sheets, solid Earth, and climate system 5 

which can drive internal variability and affect the coupled ice sheet – climate response to external forcings on 6 

timescales of hours to millions of years.7 
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FAQ 5.1, Figure 1: Estimates of the average rate of sea level change (mm per year) for 4 select time intervals: last 4 

glacial/interglacial transition; last 2 millennia; 20th century; satellite altimetry era (1993-2010). See text for discussion. 5 

6 
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FAQ 5.2, Figure 1: Long-term variation of the mean global insolation at 1 AU (mean Sun-Earth distance). a) after the 4 

formation of the solar system 4.55 billion years ago the insolation was around 25% lower than today. It will steadily 5 

increase for the next about 5 billion years until the Sun will become a red giant and destroys life on Earth. b) Changes 6 

of the mean global insolation for the past and the future one million years as a result of the planetary effects on the 7 

eccentricity (deviation from a circle) of the Earth’s orbit around the Sun. c) Mean global insolation derived from the 8 

reconstructed total solar irradiance (TSI) covering approximately the past 10,000 years. These variations are caused by 9 

partly cyclic changes of the solar magnetic activity (see Section 5.2.1.2). 10 


