




(AMOC) (27), which, in turn, generated cross-
equatorial salinity and SST anomalies in the
tropical Atlantic and a related northward migra-
tion of the intertropical convergence zone (28).
An enhanced AMOC may have accommodated
a constructive feedback mechanism, proxy evi-
dence for which is provided by North Atlantic
records (Fig. 4B and table S2), that reinforced
the La Niña–like conditions in the tropical Pa-
cific (22).

Independent of temperature indicators, the
persistent positive NAO phase reconstructed for
the MCA now provides a dynamical explana-
tion of winter warmth over Europe duringMedie-
val times (Fig. 4A). Whereas non-stationarity is
a general challenge for proxy-based reconstruc-
tions, the records used here originate from lo-
cations that were shown to lie consistently within
the influence of the northern and southern nodes
of the NAO dipole (3). To help overcome the
reduced degrees of freedom in the low-frequency
domain that generally limit possibilities for cal-
ibration, our proxy-based reconstruction was
additionally supported by physically plausible
PSR-based synoptic fields. The persistent posi-
tive phase reconstructed for the MCA appears to
be associated with prevailing La Niña–like con-
ditions possibly initiated by enhanced solar irra-
diance and/or reduced volcanic activity (21) (Fig.
4D) and amplified and prolonged by enhanced
AMOC. The relaxation from this particular ocean-
atmosphere state into the LIA appears to be
globally contemporaneous and suggests a notable
and persistent reorganization of large-scale oce-
anic and atmospheric circulation patterns.
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Fig. 4. Large-scale Medieval Climate Anomaly pattern. Geographical
location and time series (1050–2000) of proxy records of European
temperatures [(A), black triangles in the map at left], North Atlantic
conditions [(B), black squares], tropical Pacific conditions [(C), black
circles], and external forcings (D). Records in (A) to (C) were smoothed
with a 60-year spline and normalized over the full period. References for

all records are provided in table S1. The radiative forcing time series is
derived from (30) with the volcanism time series consisting of 30-year
averages. The 1300-to-1450 MCA-LIA transition period is highlighted in
gray. The map indicates inferred climatic conditions and an intensified
AMOC during the MCA, as derived from the proxy records. L, Icelandic
Low; H, Azores High.
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