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Abstract
Climatic environment represents an uncontrollable factor in ecological health
and sustainable social development, while temperature constitutes a critical
condition for maintaining climate system stability and providing habitable con-
ditions for human populations. To characterize the variation features of mean
temperature and extreme temperature events in the Ningxia region, linear trend
estimation, wavelet analysis, correlation analysis, and other methods were em-
ployed to analyze mean temperature and extreme temperature events in Ningxia
from 1962 to 2015. The results indicate that since 1962, the entire Ningxia re-
gion, its northern part, central arid zone, and southern mountainous area have
warmed at rates of 0.38 °C・(10a)�¹, 0.42 °C・(10a)�¹, 0.36 °C・(10a)�¹, and 0.38
°C・(10a)�¹, respectively. Temperature variations mainly exhibit periodicities of
20–32 a, 8–19 a, and 2–7 a, with dominant periods of 13 a and 32 a possessing
secondary periods of 8 a and 20 a, respectively. The frequency and duration of
extreme low-temperature events are lower than those of high-temperature events;
the increase in low temperatures across the four seasons is greater than that of
high temperatures, and the variation is more pronounced in winter. The increase
in mean temperature and extreme high temperature will intensify drought con-
ditions in the Ningxia region and exacerbate climate imbalance across the entire
region; the reduction in extreme low-temperature indices will increase the inci-
dence of pests and diseases in croplands, forests, and other ecosystems, leading
to further ecosystem degradation, and appropriate mitigation measures should
be implemented.

Full Text
3.1.1 Temperature Trends in Ningxia from 1962 to 2015
The linear trend analysis reveals that the average temperature in Ningxia in-
creased significantly during the period 1962–2015. The warming rates were
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0.38°C・(10a)�¹ for the entire region, 0.42°C・(10a)�¹ for the northern and central
arid zones, and 0.36°C・(10a)�¹ and 0.38°C・(10a)�¹ for the southern mountain-
ous regions, respectively. These trends passed significance tests at the 0.05 level,
indicating robust warming across all sub-regions.

[Figure 2: see original paper]

3.1.2 Wavelet Analysis of Temperature Variability
Wavelet analysis of the average annual temperature series from 1962 to 2015
identifies three primary periodic components: 20–32 years, 8–19 years, and 2–
7 years. The 20–32 year period exhibited the strongest oscillation amplitude,
with temperature fluctuations showing alternating warm and cold phases at
approximately 10-year intervals. Within this main period, two sub-periods of
13 years and 32 years were detected, containing secondary cycles of 8 years and
20 years, respectively. The 8–19 year period displayed four distinct phases: 1970–
1982 (cold), 1982–1987 (warm), 1987–1992 (cold), and 1992–1997 (warm), with
a transition back to cold conditions after 1997. The 2–7 year period represented
high-frequency oscillations, with abrupt temperature changes occurring around
1975.

Analysis of extreme temperature indices shows contrasting trends. The frost
day index (FD0) and ice day index (ID0) decreased at rates of -4.44 d・(10a)�¹
and -3.03 d・(10a)�¹, respectively, reducing by 15 days over the 54-year period.
Conversely, summer days (SU25) and tropical nights (TR20) increased at 3.33
d・(10a)�¹ and 1.45 d・(10a)�¹, respectively. The FD0 index showed higher values
during the 1960s–1970s, lower values in the 1980s, and a slight increase after the
1990s. The ID0 index peaked in the 1980s, with a decreasing trend in the 21st
century, though some high-value years occurred in the 2010s. SU25 exhibited
a stepwise increase, while TR20 showed a gradual upward trend from 1962 to
2015 with main periods of 32 years, 13 years, and 6 years.

[Figure 3: see original paper]

Further analysis of extreme temperature indices reveals that warm daytimes
(TX10) and warm nights (TN10) decreased at -4.29 d・(10a)�¹ and -2.11 d・(10a)�¹,
respectively, shortening by 23 days and 11 days. Cold daytimes (TX90) and cold
nights (TN90) increased at 4.51 d・(10a)�¹ and 3.13 d・(10a)�¹, extending by 24
days and 17 days. The diurnal temperature range (DTR) showed a decreasing
trend, particularly pronounced between the 1980s and 2010–2015.

[Figure 4: see original paper]

The growing season length (GSL) and warm spell duration index (WSDI) in-
creased significantly at 4.44 d・(10a)�¹ and 0.73 d・(10a)�¹, respectively, length-
ening by 24 days and 4 days. The cold spell duration index (CSDI) decreased
at -1.11 d・(10a)�¹, shortening by 6 days. The GSL showed a stepwise pattern
with abrupt changes, while WSDI increased most notably during 2010–2015.
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[Figure 5: see original paper]

Seasonal analysis indicates that extreme temperature events varied significantly
across seasons, with winter showing the most pronounced fluctuations.

3.2.3 Correlation and Periodic Characteristics
Correlation analysis reveals strong relationships between temperature indices.
Maximum temperature (TMAX) correlates positively with TN90 and TX90,
while minimum temperature (TMIN) shows stronger correlations with DTR
and extreme indices. TMAX trends range from 0.2°C・(10a)�¹ to 0.49°C・(10a)�¹
across seasons, with the most significant warming in autumn (0.49°C・(10a)�¹).
TMIN trends vary from 0.41°C・(10a)�¹ to 0.72°C・(10a)�¹, with the strongest
increase in winter (0.72°C・(10a)�¹). The seasonal variability of TMIN exceeds
that of TMAX, particularly in winter.

The 21st century shows intensified warming with increased climate extremes.
The Arctic Oscillation (AO) and other circulation patterns significantly influ-
ence temperature variability in Ningxia, with anthropogenic warming superim-
posed on natural climate variability.

[Figure 6: see original paper]
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Abstract: Climate environment is one of the most volatile factors in ecolog-
ical health and sustainable social development. Temperature is important for
maintaining the stability of climate system and providing a livable environment
for human beings. In this study, the linear temperature trend, wavelet analysis
and correlation analysis were used to analyze the change of average tempera-
ture and extreme temperature events in Ningxia during the period from 1962
to 2015. The results showed that the values of average temperature in whole
Ningxia, the northern and central arid zones and the southern mountainous
regions since 1962 were 0.38°C・(10a)�¹, 0.42°C・(10a)�¹, 0.36°C・(10a)�¹ and
0.38°C・(10a)�¹ respectively. There were the 20-32a, 8-19a and 2-7a periods of
temperature fluctuation, and also the 8a and 20a sub-periods in the 13a and 32a
main periods, respectively. The occurring frequency of extremely low temper-
ature was lower than that of extremely high temperature, the duration of the
former was shorter than that of the latter, the seasonal increase of low tempera-
ture was higher than that of high temperature, and the temperature fluctuation
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was the most significant in winter. The drought degree in Ningxia became more
serious due to the increase of both average temperature and extremely high
temperature, and the plant diseases and insect pests were increased because of
the unbalanced climate change and the reduction of extremely low temperature,
thus the ecosystems were further degenerated, so it is necessary to take some
improvement measures.

Keywords: temperature; period; change trend; extreme climate index; Ningxia

Note: Figure translations are in progress. See original paper for figures.
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