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Key Points Background and Forcing
The CCSM4 LM simulation: PMIP3 Forcings
* Reproduces many large-scale climate patterns suggested by historical and | The purpose of the Last Millennium experiment is three- o voleane
proxy-data records, including a cooling from the Medieval Climate Anomaly | fold: ‘gg m ' Gl E
(950-1250 CE) to the Little Ice Age (1400-1700 CE) and a pronounced . S |
increase in surface temperatures from 1850-2005 CE. * Evaluate the ability of models to capture observed s i
o N o variability on multi- decadal and longer time-scales. 0 SR
¢ HaS S|m|lar SpeCtral peakS fOr the EI N|nO'SOUthern OSC|”at|On (ENSO) and e Determine fractions of the Var|ab|||ty attributable to céj jﬂg; NH JJA Solar Insolation
North Atlantic Oscillation (NAO) modes of variability, and significant “external” forcing vs. internal variability. =
increases in low-frequency power in sea surface temperature based modes; | * Provide a longer-term perspective for detection and ) ::2;‘;23_; e
the Pacific Decadal Oscillation (PDO) and the Atlantic Multidecadal attribution studies. s o oo
Oscillation (AMQO) compared to the Pre-Industrial (PIl) control run, suggesting | N Cwe ey
long-term oceanic response to solar and volcanic forcing. Forcings and boundary conditions tollow CMIPS/PMIP3 Z 50 3 o es o0 £
protocols (https://pmip3.lsce.ipsl.fr/wiki/doku.php/ 3 280 2 — = 500,
» Shows a decrease in winter-time precipitation in the southwestern North pmip3:design:Im:final and discussed by Schmidt et al., Sl —
America during the Medieval Climate Anomaly, in general agreement with 2011). L; crop et
paleoclimate precipitation records. 3 000 S
We extended the Last Millennium run from 1850-2005 e . Ve . . .
e Ni ' ' ' _ ' _ _ _ Volcanic activity increased in the 13t century, and some periods of high volcanism
.Dlsplay.s.broad CO(?|Ing with a delayed La Nina- type of pattern in the . using the same forcings prescribed for 20thC runs by coincide with relatively low solar irradiance. Over the last millennium, changes in the
tropical Pacific along with related teleconnected responses to large volcanic | the CMIP5 experiments plus a transient orbital forcing. earths orbital parameters have led to decreased/increased insolation in the NH/SH.
events Greenhouse gas concentrations increase rapidly after 1850.
Large-scale Temperature Response Modes of Variability Medieval Climate Anomaly and the
Little Ice Age
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Simulated hemispheric mean temperatures (annual values in light gray; 30-yr SRS L 11 e R o T T 1 e Temperatures during the Medieval Climate Anomaly (950-1250 CE) were warmer than
GaUSS|an Smoothed In black) are warmer prlor to the 13th Century, Cooler from 1000 1200 1400 1600 1800 2000 Frequency (cycles/month) durlng the thtle ICe Age (1400'1700 CE) |n the CCSM4 SImU|atI0n (Upper Ieft) and the
1400-1800 CE, and increase rapidly in the 20t century, in general agreement Mann et al., 2009, proxy-based reconstruction (lower left), although the LM simulation
with nearly all of the proxy records. The CCSM4 LM simulation tends to show does not reproduce La Nina type conditions in the equatorial Pacific. The LM simulation
. o does show dry conditions in Southwestern North America (right panels), in agreement with
a gregter_response to volcanoes than the proxy-repords, and a greater The spectra of both Nino3.4 and the NAO are similar in the LM and PI control run, . dry timates of PDS| { lav: dashed I'( I pd_ ¢ ) ? PDS|-
warming in the latter half of the 20th century than in the observations. NH however the PDO and AMO show marked increased at low frequencies in the LM proxy-vased esumaies of =4 (contour overlay; dashed lines indicate negative !
temperatures after 1950 are greater in both the model and all proxy records simulation (upper right and lower left; dashed lines show 95% confidence levels) gEOK, E-IR-, ztla:(- 200|f.3,.:/erSI0nd28, IGBP FAGdES/R//IVOCTd Dlata Cde’?ter Se“eSh# 20%8-046-)-
U - - . . ! . - ' arcoal and lake salinity records suggestin edieval conditions are shown
than at any other time in the last millennium. There is a great deal of spread in proxy-based reconstructions of these indices. brown markers y 99 J ary Y
Regressions of SSTs on the LM PDO and Nino3.4, as well as regressions of '
precipitation on the LM NAO and AMO show some similarities in their patterns. C .t R t V I
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