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The first point of Liu et al. (1) is that the Lake Dali
Early Holocene highstand could reflect increased
winter precipitation and/or glacier melt rather than
monsoon rainfall. First, modern winter precipitation
contributes <10% annual precipitation (2, 3). To sustain
the Early Holocene highstand solely based on winter
precipitation requires a 10-fold winter precipitation in-
crease. Such a large change in precipitation seasonality
would require a massive reorganization of atmospheric
circulation, yet there is no evidence that this occurred.

Second, the pollen precipitation reconstruction (4)
requires a 3-km-thick remnant glacier to sustain the
Early Holocene highstand of the lake. The lake hydro-
logical balance is:

Qice +P * Frunoff * Acatchment +P * ALake =ELake * ALake,

where Qice is melt water input into the lake (m3·y−1);
P is annual rainfall, which, based on the pollen re-
cord, indicates the Early Holocene was similar to
today (4)—for Dali Lake it is 0.39 m/y (2); ALake is
surface area of the lake—for a lake filled to 1,280
masl (Early Holocene lake level) it is 1.4*109 m2;
Acatchment is area of catchment—4.1*109 m2 (after
subtracting area of lake); Frunoff is fraction of runoff—
similar to modern is 7% (2); and ELake is evaporation,
similar to modern—0.92 m/y (2).

Qice of 0.6 km3·y−1 is required to sustain the annual
mass balance. The Early Holocene was 2,500 y long
(11.5–9 ka), which requires ∼1,650 km3 of snowmelt
water converted to ice (using a 9% volume increase).
The size of the Dali catchment area at elevations be-
tween 1,800 and 1,400 m is ∼550 km2. Thus, the pol-
len reconstruction requires the presence of a 3-km-
thick glacier at the onset of the Holocene to sustain

the hydrological balance. This number is most likely
impossible.

The second point of Liu et al. (1) is that the Lake Dali
record shows a different pattern than pollen and dust
proxies. Although this difference is true, it does notmean
that the Dali lake area record is not a faithful recorder of
monsoonal rainfall. LakeDali lake area is a direct recorder
of rainfall amount. It is based on physical evidence of lake
area, where a larger surface area results in more evapo-
ration, which requires more rainfall to sustain a steady-
state lake level (5). Pollen and dust proxies are not direct
recorders of past rainfall amount. Dust proxies (e.g., soils)
respond primarily to spring wind intensity (e.g., ref. 6)
and do not have a clear relationship with summer rainfall.
Pollen records reflect the vegetation response to multi-
ple climate factors. For example, the large discrepancies
between the two pollen-based precipitation records
presented by Liu et al. (1) indicate that other factors
influence the pollen-based reconstructions.

The last point by Liu et al. (1) is that Lake Dali reached
its highest highstand during the mid-Holocene. Because
the lake overflowed at this time, this claim is certainly
possible; therefore, our reconstruction of twice modern
rainfall is aminimumestimate (2). Although higher rainfall
during the mid-Holocene would decrease the mismatch
between the lake level and pollen reconstructions, it
still fails to reconcile the large Early Holocene discrep-
ancy. Furthermore, it requires that mid-Holocene rain-
fall was much higher than twice-modern rainfall, yet no
evidence for such a large change exists, even in the
pollen-based records.

The physical evidence of lake level is a direct
recorder of hydrological change. We show that Holo-
cene Lake Dali hydrology primarily reflects changes
in summer monsoonal rainfall. Thus, the scaling be-
tween the Lake Dali record and Chinese speleothem
δ18O is robust.
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