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4. Discussion

1. Introduction

Megn annual tgmperature recon§truction helps assess the predictive skills of clilmate rvllodels anc! is c.ritical for climate prlediction.under different >Stalagmite growth-climate relationships et Fig. 4 Comparison between
emissions scenarios. However, regional mean annual temperature patterns remain elusive, especially in regions where high-quality temperature L . N the MOG of HS4 with Yichang
records are lacking. The middle reaches of the Yangtze River (hereafter the MRYR region), Central China, is a classic example of this situation, where - " . éoe ZE | 1 1 station observed temperature
climate change is sensitively regulated by the East Asian monsoon system, and paleoclimate samples are difficult to preserve and interpret. Previous As can be seen in Fig. 4A, positive correlations were found between the MOG and Sy I l II I I A and precipitation.
temperature reconstruction based on tree-rings in the MRYR region mainly reflect growing season temperatures, while most reconstructions from temperature of each month in the year. The strongest correlations occurred in " I 1 1 A. The correlation of the MOG
historical documents reflect winter temperatures. mean annual temperature and the MOG (r = 0.63, R?=39.7%, N = 65, p <0.001) . I | | I I ?;r::" :r:’::r:"iim:?’g‘se- M‘?)%-

Over the past two decades, a large number of cave observations and simulation studies have shown that the annual growth rate of stalagmites is (Fig.4). This is due to the fact that the growth of HS4 stalagmite is affected by the T e e w W oy and ;’bsewed temperature.
significantly positively correlated with temperature, and the growth rate was expected to reconstruct paleotemperature. However, there is no research temperature throughout the year. Furthermore, the correlation coefficients between o o ¥ eow
on the reconstruction of mean annual temperature used the growth rate of stalagmite in the East Asian monsoon region. Accordingly, it is unclear to the MOG and mean annual temperature increased significantly after 10a low-pass
what extent the specific patterns of temperature variations in the MRYR region reflect region-specific differences in internal climate variability or driving filtering (r = 0.86, p < 0.001) (Fig.4B). This means that the growth of HS4 stalagmite
mechanisms. is basically controlled by the external temperature on the interdecadal scale.

In this study, we fill this gap and develop an annually-resolved growth rate record on HS4 stalagmites from Heshang Cave, Hubei, China. A new . s

method was used to accurately measure the growth rate of stalagmites, and the growth rate data for the past 1189 years (800-1988 CE). We . . . i
(stablished the correlation between the growth rate of stalagmite and the mean annual temperature, and reconstructed the mean annual temperature/ >Temperature reconstruction and Comparisons with other temperature reconstructions

variations in the MRYR region since 800 CE.
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» The relationship between temperature and the El Nifio-Southern Oscillation (ENSO)
In recent studies, the growth rate of stalagmite has been obtained by using the ws{a -

, Fig. 6 C ison between th iation i ; i \
traditional visual measurement method of the annual layer. However, it is difficult to oy ‘ MOG. o it e i The temperature variation in the middle reaches £ NS
accurately quantify the growth rate due to the lack of standards to objectively define the %s] "*! forcing and internal variability f’f the Yangtze River, “fh“:h Is dlﬁgrent from that o w0 w0 e 0 mso 0%
boundary between each two layers s PV S V5 N A. The NH temperature from in the Northern Hemisphere during the MCA e
- R Here we propose a new method to accurately measure the growth rate of stalagmite by e Pages2k. B. Atlantic multidecadal period, may suggest region-specific influencing Fig.5 The MAT reconstruction was compared
Heshang Cave is located at 294 m above sea using stalagmite color reading. Stalagmite color value (RGB value) can indicate the color e A A variation (AMV)(Wang et al.,2017) factors.  Correlation _analyses . sr_u_)wed the with other reconstructed temperature series
level (A.S.L.), on the Qing River, a tributary in the change of the stalagmite surface. When the color is dark, the stalagmite chroma value o ¢ Yotlcta"'cf emp;'o,\;'z:r D. Jh; reconstructed MAT series were significantly and based on tree ring from Yichang (Cai et al.,
middle reaches of the Yangtze River (MRYR decreases, and vice versa(Fig. 2). m:’e; 'ﬁi’:_]sof’s”:u:’hem O’Zgﬁ;ﬁ'on' positively correlated with the reconstructed 2016), Dabie Mountain (Zheng et al.,2012),
region), central China (30°27', 110°25') (Fig. 1). Finally, we used the median value of five GR (MOG) records per year to the reflect (ENSO) (Mann et al.,2009) ENSO index (Mann et al.,2009), \A_/Ith r=0.59 Shennongjia (Zheng et al.,2016), Wuling
growth rate of stalagmite. (p<0.001, after 21-year running mean), Mountain (Zeng et al.,2019), Southeast China

(Duan et al.,2013), and Qinling Mountain

suggesting a significant influence of ENSO on (Chen et al. 2021).

multidecadal temperature variation over MRYR
region. The cool phases of the ENSO were
associated with negative temperature anomalies,
and vice versa. The La Nifia - like phase during
MCA - may be the main reason for the abnormal
cooling in the region.
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ﬁ\ Results

The results show that the mean MOG is 0.41 mm/a in 1189 years » Growth Rate (GR) 95%CL == Median GR of HS4 30yr-low pass filter
(800-1988 CE) (Fig. 3). The MOG values range from 0.13 to 1.08mm,
with a standard deviation of 0.13mm. The maximum MOG value is 8 12
times the minimum MOG, indicating that it can respond sensitively to l

climate change. After 30a low-pass filtering, the MOG has obvious
characteristics of multidecadal fluctuation. For example, the growth
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rate of stalagmite was high during the 1900s-1988s (0.54 mm/a),
1720s-1800s (0.48 mm/a), 1510s-1580s (0.48 mm/a) and 1450s-
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’M 5. Conclusions and Outlook

A \ 1 In this study, based the laminated stalagmite (HS4) at Heshang Cave in MRYR region, Central China, we obtained the annual growth rate of stalagmite using a new method

i \i" since 800 CE. We investigated cave conditions and the relationship between growth rate of HS4 stalagmite and climate factors, then the mean annual temperature record for the

the overall distribution, most of the annual layers (871 in total) are ! MRYR region was reconstructed. We suggested that the seasonal bias in temperature records are significant and more caution should be exercised in future temperature
distributed in the range of 0.3-0.6mm, indicating that the sedimentary 0o composite temperature network. We also highlight that ENSO may plays a major role in temperature variations in MRYR region.

environment is stable in most cases, and the minimum and maximum Recent studies indicated that ENSO and the West Pacific subtropical high variability may be stronger under four future emission scenarios, which implies that more attention

kvalues may respond to the occurrence of abnormal climate. Fig. 3 Median of GR (MOG) of stalagmite HS4. j should be paid to the role of ENSO in future temperature prediction of the East Asian monsoon region. Finally, due to the lack of high-resolution temperature records in MRYR
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region, more reconstruction and climate dynamics studies are highly recommended to uncover temperature-ENSO links over longer timescales.




