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Fig. 1 Anomalous field of solar radiation reaching the top of the atmosphere between strong (P,;,) and weak (P,,,,) seasonal

background under pre-industrial period (modified from reference [27])

*1 BB E

Table 1 Specific experimental settings
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Fig.2 Atlantic meridional overturning circulation (AMOC) anomaly between strong and weak seasonal background
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Fig. 3 Climate response to changes in precession under pre-industrial (PI) (a, ¢) and the glacial maximum period (LGM) (b, d) backgrounds
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a. Summer sea surface temperature-pressure difference field in PI period; b. the summer sea surface temperature-pressure difference field in LGM period, the

coloring represents the temperature difference, and the black isoline represents the sea level pressure difference (hPa) field; c. the summer sea surface effective

precipitation-water vapor transport difference field in PI period; d. the summer sea surface effective precipitation-water vapor transport difference field in LGM

period, the coloring represents the difference of effective precipitation, and the arrow represents the difference of water vapor flux (unit : kg/(m-s))
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Fig. 4 Difference fields of average annual sea surface density (a, d), temperature (b, e) and salinity (c, f) during pre-industrial (PI) and the

glacial maximum (LGM) periods (strong seasonal background on the top and weak seasonal background on the bottom)
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Fig. 5 Annual effective precipitation difference field at high latitude in the Northern Hemisphere under strong and weak seasonal scenarios
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Fig. 6 Anomalous fields of summer sea ice concentration and winter vertical mixing layer depth between P, and P,,,, under

pre-industrial (PI) and the glacial maximum (LGM) conditions
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a. The difference field of sea ice concentration in summer in PI period; b. the difference field of sea ice concentration in summer in LGM period; c. the differ-

ence field of vertical mixing layer depth in winter in PI period; d. difference field of vertical mixing layer depth in winter in LGM period. Green and red lines

represent 15% sea ice concentration in P, and P,;,, respectively
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Fig. A1 Spatial pattern of the Atlantic meridional overturning circulation under P,;, and P,,,, in pre-industrial (PI)
and the glacial maximum (LGM) periods
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Background climate dependence of Atlantic meridional overturning
circulation responding to precessional change

Deng Fengfei', Zhang Xu'*?

(1. Key Laboratory of Western China’s Environmental Systems, Ministry of Education, College of Earth and Environmental Sciences, Lan-
zhou University, Lanzhou 730000, China; 2. Alpine Paleoecology and Human Adaption, Institute of Tibetan Research, Chinese Academy of
Sciences, Beijing 100101, China; 3. State Key Laboratory of Tibetan Plateau Earth System, Resources and Environment, Beijing 100101,
China)

Abstract: The Atlantic meridional overturning circulation (AMOC) is an important component of the climate sys-
tem, of which change in the strength can affect meridional heat distribution between the northern and southern
hemispheres. Proxy records show that changes in Atlantic Ocean circulation during the Late Pleistocene is associ-
ated with precessional cycle, but its physical mechanism remains unclear. Here we use a fully coupled climate mod-
el to investigate dynamics associated with AMOC changes in precessional band under glacial-interglacial climate
conditions. Our results show that increase in boreal summer insolation can effectively weaken the AMOC during
warm interglacial periods, while this weakening effect is reduced under glacial maximum. We further demonstrate
that during the warm interglacial period increase in boreal summer insolation leads to sea surface warming and sub-
polar rainfall increase in North Atlantic, which jointly reduces sea surface density and hence the strength of deep
water formation. During the glacial maximum period, climate responses to precessional change is of anti-phase im-
pacts on the AMOC. At the low latitudes, a low pressure anomaly triggered by subtropical warming weakens atmo-
spheric moisture export from the subtropical Atlantic to Pacific, increasing in net precipitation and hence freshen-
ing tropical sea surface in the North Atlantic. At the high latitudes, the warming-induced sea ice retreat promotes
ocean heat loss via the enlarged ice-free area, and hence tends to strengthen the vertical mixing. The combined ef-
fects of low- and high-latitude responses finally leads to a trivial weakening of the AMOC. Overall, our results
provide a systematic understanding of governing mechanism for precessionally-induced AMOC change under gla-
cial-interglacial climatic backgrounds, shedding light on our interpretation of precessional periodicity in reconstruc-

ted ocean circulation changes during the Pleistocene.
Key words: Atlantic meridional overturning circulation; precessional cycle; tropical hydroclimate; climate background de-

pendence
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