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Characteristics and impacts of short-term temperature fluctuations in the Nansi Lake region
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Abstract: Background, aim, and scope Located across Shandong, Henan, Jiangsu, and Anhui provinces, the

Nansi Lake region has prominent ecological environment characteristics. Moreover, the Nansi Lake is a vital
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regulation and storage lake in the China South-to-North Water Diversion Eastern Route Project. Studying
the characteristics of short-term temperature fluctuations in the Nansi Lake region is of great significance
for understanding the response of the ecological environment to climate change in this region. Therefore,
this study explored monthly, seasonal, and interannual variations of the short-term temperature fluctuations,
and their effects on air quality from 2013 to 2020 in the Nansi Lake region. Materials and methods The
daily maximum temperature (7,,,), mean temperature (7,,.,,) and minimum temperature (7,,,) in the Nansi
Lake region from 1951 to 2020 were analyzed by the root mean square (RMS), piecewise linear regression,
generalized additive models and Mann-Kendall trend test. The warming mutation points in the Nansi Lake
region were analyzed by piecewise linear regression. Then the short-term temperature fluctuation amplitudes
before and after the warming mutation points were analyzed by the RMS method. Both the generalized
additive models and the Mann-Kendall trend test were used to reveal the long-term trends of the short-term
temperature fluctuation amplitudes in the Nansi Lake region, and to further analyze the impact of short-
term temperature fluctuation amplitudes on air quality. Results (1) Annually, the fluctuation amplitudes
Of Tax> Tmean» @nd T, decreased significantly from 1951 to 1990 (P<<0.01), the slope was 0.166, 0.107
and 0.129 °C-(10a) ', respectively. While no clear trends were found from 1991 to 2020 (P>>0.05). (2) Seasonally,
the fluctuation amplitudes of T,,,., Theanr @nd T, in winter and spring decreased significantly (P<<0.05) from
1951 to 1990. However, only T, fluctuation amplitudes decreased significantly in summer (P<<0.05). The
seasonal difference in temperature fluctuation amplitudes was not significant from 1991 to 2020 (P>0.05).
(3) The monthly fluctuation amplitudes of 7, in the Nansi Lake region were the largest, and followed by
fluctuation amplitudes of 7, the fluctuation amplitudes of T, were the smallest. From 1951 to 1990, the

fluctuation amplitudes of 7,,,, in January, February, and June decreased significantly (z<<0, P<<0.05), as well as

the fluctuation amplitudes of 7, in January, March, April, and June (P<<0.05). From 1991 to 2020, the monthly
T, and T, were not significant (P>0.05). (4) The short-term fluctuation

fluctuation amplitudes of 7., Treans nin
amplitudes of 7,,;, in the Nansi Lake region had a significant impact on AQI (correlation analysis, P<<0.05) and

air pollutants (correlation analysis, P<<0.01). Discussion Climate change would not only lead to an increase
in mean temperature but also an increase in temperature fluctuations. The current study analyzed the long-
term trends of temperature fluctuations. Compared with long-term temperature change, short-term temperature
fluctuations would significantly impact aquatic ecosystems, air quality, and so on. The RMS was suitable for the
short-term temperature fluctuation analysis and would provide a new idea for future climate-related research.
The short-term temperature fluctuations showed a downward trend from 1951 to 1990 in the Nansi Lake region,
indicating that the temperature fluctuations became gentle and the temperature became more stable. Previous
studies found that the intra-seasonal variability of 7).,
2018 in China, and the RMS was generally greater than 3.0 °C. It was weaker from the late 1980s to 2004 and
stronger after 2005. In this study, the RMS of 7, was generally greater than 2.5 “C in winter from 1951 to 2020
in the Nansi Lake region and was lower in 2007 (2.2 °C), and the long-term temperature fluctuations showed a

in winter showed a linear weakening trend from 1961 to

sawtooth shape. Several studies suggested that seasonal temperature fluctuations had weakened due to global
warming. This study found that the short-term temperature fluctuations were not significant from 1991 to 2020
in the Nansi Lake region. Compared with 1951 to 1990, the seasonal temperature fluctuations were weakened.
Recently, the short-term temperature fluctuations were relatively large in the Nansi Lake region, which might
lead to an increase in extreme hydrological events, aggravation of lake heat waves, and aggravation of water
eutrophication. Conclusions (1) From 1951 to 1990, the short-term temperature fluctuation amplitudes in winter
and spring showed a downward trend, and the short-term change of temperature tended to be stable. (2) The short-
term fluctuation amplitudes of 7,,;, had a great impact on air quality. The short-term fluctuation amplitudes of 7,

were significantly positively correlated with AQI, NO,, CO, PM,, and PM,,, but negatively correlated with O,.
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Recommendations and perspectives The intensity and frequency of short-term temperature fluctuations in the

Nansi Lake region had increased in recent years. It was expected that the impact on the ecological environment

would be more significant. While paying attention to global warming, follow-up research should also consider

the impact of short-term temperature fluctuations on the ecological environment, and formulate corresponding

strategies to mitigate the negative impact of temperature fluctuations.

Key words: the Nansi Lake region; short-term temperature fluctuations; root-mean-square (RMS); generalized

additive models; air quality
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Fig. 7 Long-term variation characteristics of the annual average value of RMS in the Nansi Lake region from 1951 to 2020
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