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【提出用】

How unusual is the climate change caused by human activities?
Climate change and increases in extreme weather are serious threats to human society and the 
environment. In our lab, we study climate changes and extreme weather events across the past, 
present, and future by combining climate and Earth system models with observational data, as well as 
proxy records that reflect climate conditions prior to the era of instrumental observations. 
The Earth has experienced climates very different from those of today. Drawing on this deep historical 
record, our mission is to improve the future projection of climate and weather, and to elucidate their 
impacts on human society and the environment.
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Figure 7. Differences in simulated (a) surface air temperature (SAT), (b) precipitation, and (c) δ18Op weighted by daily mean precipitation in JJA between SAM− 
and SAM+. For (b), the differences are shown in the ratio (SAM−/SAM+). For (a)–(c), the location of Dome Fuji and Dome C is plotted as a triangle and square, 
respectively.

Figure 8. Cross plot of daily surface air temperature versus δ18Op with their histograms in SAM+ (blue) and SAM− (red) days 
of JJA in Dome Fuji. Each value is an anomaly from the respective daily climatology. The size of each bubble corresponds to 
the daily mean precipitation (gray bubbles in the bottom right show the legends). Linear regression lines of SAM+ and SAM− 
are drawn with 95% confidence intervals (shades), and the corresponding equations are given in the legends.
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Influence of westerly winds on Antarctic climate

（Kino et al., 2021, Journal of Geophysical Research, Atmosphere）
© JAMSTEC

Climate/Earth system model

Westerly wind meandering  
induced by large volcanic eruptions

（Nie et al., 2026, Nature Communications）

1900 Y. Li et al.: Contribution of lakes in sustaining the Sahara greening during the mid-Holocene

Figure 7. Lake–climate impact mechanism over North Africa in the MH. The lower, middle, and high atmosphere circulations are marked
with black, red, and green colors, respectively. The weakening signal is represented by “−”, and the strengthening signal is represented
by “+”.

showed that the north–dry and south–wet precipitation pat-
terns (Figs. S7b and S9) and the dividing line moved up to
about 5◦ to the north compared with the MHC experiments
over the western NAf regions (Fig. 6b). Additionally, precip-
itation scarcity values were lower in the western region and
higher in the eastern region.

Notably, such north–south inverse patterns were also ob-
served in the spatial responses of SM (Fig. 4g and j), Evap
(Fig. 4h and k), and T2 (Fig. 4i and l). In particular, SM
and Evap showed positive anomalies with a cooling effect
in the north of 10◦ N and minor or negative anomalies with
a warming effect in the south of 10◦ N over NAf. How-
ever, such a near-equatorial (around 0–10◦ N) warming ef-
fect cannot be explained solely by the reduced precipitation
in MHWCE2 and MHWCE4, as the enhanced precipitation belt
covered the entire tropical area (0–20◦ N) in contrast to be-
ing concentrated in the WAM regions (around 10–20◦ N) in
MHWC. To identify the inverse temperature anomaly pat-
terns in MHWCE2 and MHWCE4, we analyzed the stable oxy-
gen isotope ratio (�18O) in precipitation (Fig. S10). Positive
�18O anomalies suggested the presence of an oceanic mois-
ture source in addition to the local lakes, whereas negative
anomalies indicated the influence of local water cycling. The
�18O increase in the northern regions suggests that the mois-
ture sources from the Atlantic Ocean were associated with
westerly monsoon winds. Conversely, the equatorial land ar-
eas show decreases in �18O, which indicate weakened evap-
oration (Fig. 4k) and warming effects (Fig. 4l). Further ex-
amination of the �18O decrease (Fig. S10d) in the equatorial
land areas suggested that the slight precipitation increment
(Fig. 4d) was not driven by the westerly monsoon winds. In-
stead, this warming effect induced by equatorial lakes may
link to the differences in lake heating during daytime and
nighttime (Thiery et al., 2015). Hence, although lakes in
WAM regions tend to result in wetter and cooler climatic re-

sponses, lakes located elsewhere (such as the eastern lakes
in South Sudan) may not impact the northward WAM move-
ment.

4 Discussion and conclusions

We used the MIROC5-iso model with different GS lake maps
to investigate the influence of the western Sahara lakes and
Megalake Chad on the northward movement and eastward
expansion of WAM, which causes the humidity in the Sa-
hara region. Our results showed that western Sahara lakes
promote the northward movement of WAM, and Megalake
Chad can further enhance the monsoon westerly flow re-
sponse eastward. This cyclonic response in the lower atmo-
sphere is associated with weakened AEJ, SHL, Sahara Highs,
and strengthened TEJ (Fig. 7). Additionally, the humidifying
transformation of the climate zone and reduction in precip-
itation scarcity over NAf further highlighted the significant
influence of lake expansion in reconstructing the GS climate.

Our study confirmed that Megalake Chad does not influ-
ence the northward monsoon movement without the western
Sahara lakes (Broström et al., 1998; Carrington et al., 2001;
Chandan and Peltier, 2020). We also confirmed the influence
of western Sahara lakes on the northward monsoon move-
ment (Specht et al., 2022), but further stressed that Megalake
Chad could extend the westerly monsoon eastward when ac-
companied by western Sahara lakes. Moreover, compared
with our simulations (Fig. S11), Chandan and Peltier (2020)
underestimated the contribution of lakes, which were close
to the MHWC experiment results, by assuming that the weak-
ened SHL induced by the surface cooling effect would re-
duce precipitation. However, we found that such an SHL
weakening effect can be offset by the adjacent cyclonic cir-
culation response in the lower atmosphere, which promotes
precipitation. Moreover, we found that the northward WAM
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Influence of lake expansion in North Africa 
on atmospheric circulation

（Li et al., 2023, Climate of the Past）

Climate change and extreme weather
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