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Abstract
Compound low-temperature and rainy events are among the most frequent com-
pound extreme climate events in the eastern Hexi Corridor, and they are also
important climatic indicators and meteorological disasters affecting agricultural
production. Their impacts on agricultural production and the ecological envi-
ronment are more severe than those of single extreme climate events. Based on
daily minimum temperature and precipitation observations from 5 meteorologi-
cal stations in the eastern Hexi Corridor during the springs of 1960–2024, this
study identified and determined compound low-temperature and rainy events
using the percentile threshold method and the maximum proximity principle,
and analyzed their spatiotemporal variation characteristics using inverse dis-
tance weighted interpolation and the linear trend method. The results show
that: (1) In spring and from March to May, compound low-temperature and
rainy events in the eastern Hexi Corridor exhibit a spatial distribution charac-
terized by more events in the south and fewer in the north, following the order
Gulang > Tianzhu > Liangzhou > Yongchang > Minqin, with high-value areas
in the shallow mountainous area of Gulang and low-value areas in the desert
area of Minqin. (2) In the eastern Hexi Corridor, compound low-temperature
and rainy events in spring, March, and April generally show a decreasing trend
by decade and by year, while in May they generally show a trend of first in-
creasing and then decreasing by decade and by year. The maximum frequencies
and occurrence years of compound low-temperature and rainy events in spring
and each month differ across the whole region and individual locations, and
there are individual years in which no compound low-temperature and rainy
events occurred. The research results can provide an important scientific ba-
sis and practical value for agricultural production and ecological environmental
protection.
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Abstract: Compound low-temperature and rainy events are among the fre-
quently occurring compound extreme climate events in the eastern Hexi Corri-
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dor, and they are also one of the important climatic indicators and meteorolog-
ical disasters affecting agricultural production. Their harm to agricultural pro-
duction and the ecological environment is more serious than that caused by a sin-
gle extreme climate event. Using daily minimum temperature and precipitation
observation data from five meteorological stations in the eastern Hexi Corridor
during the spring seasons of 1960–2024, the percentile threshold method and the
maximum proximity principle were used to identify and determine compound
low-temperature and rainy events, and the inverse distance weighted interpola-
tion method and linear trend method were used to analyze their spatiotemporal
variation characteristics. The results show that: (1) In spring and in March–
May, compound low-temperature and rainy events in the eastern Hexi Corri-
dor all exhibit a distribution pattern of more events in the south and fewer in
the north, specifically Gulang > Tianzhu > Liangzhou > Yongchang > Minqin.
The high-value area is in the low-mountain area of Gulang, and the low-value
area is in the desert area of Minqin. (2) In the eastern Hexi Corridor, compound
low-temperature and rainy events in spring and in March and April generally
show a decreasing trend with respect to decades and years; in May, they gener-
ally show a trend of first increasing and then decreasing with respect to decades
and years. The maximum frequency and occurrence years of compound low-
temperature and rainy events in spring and in each month differ for the whole
region and for individual locations, and in some individual years no compound
low-temperature and rainy events occurred. The research results can provide
important scientific evidence and practical value for agricultural production and
ecological environmental protection.

Keywords: identification; variation characteristics; compound low-
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Against the background of global climate warming, the impact of extreme low-
temperature events on the economy and society also deserves attention[1–3].
Extreme low-temperature events are often accompanied by freezing rain and
snow disasters, and can easily cause serious economic losses. Extensive research
has been carried out in academia on extreme low-temperature events, and it
has been found that their variation characteristics are more pronounced than
those of high-temperature events[4–5]. Studies have found that extreme low-
temperature events across China exhibit significant temporal and spatial differ-
ences. Yang Jinhu et al.[6] pointed out that, during 1960–2004, the decrease in
extreme low-temperature events in Northwest China was far greater than the
increase in extreme high-temperature events, reflecting that the response of ex-
treme low-temperature events in this region is more sensitive during the process
of climate warming. Liu Yaxing et al.[7] showed that, during 1961–2006, winter
extreme temperatures in China generally exhibited an upward trend; among
them, changes in the frequency of winter low-temperature events in East China
were the most prominent, while changes in the number of severe-cold days were
relatively significant in northern China. From the perspective of the country as
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a whole, Fu Dongxue et al.[8] analyzed the spatiotemporal variation of extreme
low temperatures during the winter half-years of 1955–2006, and found that
the frequency of extreme low temperatures nationwide generally declined, with
an obvious abrupt change occurring around 1983, and that differences among
regions were significant. Chen Haishan et al.[9] considered that winter extreme
low-temperature events during 1959–2008 were closely related to synoptic-scale
transient wave activity. Han Yongqiu et al.[10] further pointed out that ex-
treme low-temperature events in the winter half-year during 1961–2012 showed
a decreasing trend, with an obvious abrupt change in 1986; this change may be
closely related to the weakening of the Siberian High and its southward shift.

According to the research in the IPCC Sixth Assessment Report[11], the fre-
quency of extreme precipitation events on a global scale shows an increasing
trend. This phenomenon is most prominent in mid- and high-latitude regions,
and has increased significantly since the 1950s. This change has been verified
in many countries and regions[12–15], and extreme precipitation events have
generally increased over the past 50 a. As far as China is concerned, although
precipitation intensity in most regions shows an increasing trend[16–19], North
China exhibits a unique weakening tendency,
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The frequency of heavy-precipitation events has also declined[20–22]. Observa-
tional data indicate that changes in China’s precipitation pattern are consistent
with the overall global trend, while also showing regional differences. In the core
conclusions document of the IPCC Sixth Assessment Report—the Summary for
Policymakers—the concept of “compound events”was systematically discussed
for the first time[11]. The report defines them as combined events formed by
two or more extreme weather or climate events that occur simultaneously at the
same or different locations, or occur successively in time; their disaster-causing
impacts usually far exceed those of a single extreme event[23–24]. With global
warming, a single meteorological indicator can no longer fully reflect the complex
characteristics of extreme climate, making compound extreme events a focus of
academic attention. Existing studies have mostly concentrated on compound

chinarxiv.org/items/chinaxiv-202606.00291 Machine Translation

https://chinarxiv.org/items/chinaxiv-202606.00291


hot–dry events, and have confirmed that, under climate warming, the frequency
of compound hot–dry events has increased significantly[25–27]. Notably, in
recent years, extreme low-temperature and extreme-precipitation events have
also increased simultaneously worldwide. When the two occur together to form
compound cold-and-rainy events, their synergistic effects can impose more se-
vere impacts on agricultural production and the socioeconomic system than a
single event. For example, in February 2022, southern China experienced the
strongest compound low-temperature and freezing-rain disaster in 60 a, with
direct economic losses reaching $7.89\times10^{10}$ yuan[28]. However, at
present there are very few descriptions of the research background and domes-
tic and international frontiers and progress regarding compound cold-and-rainy
events, and research on this type of compound event is also very limited[29]. It
is therefore urgent to strengthen research and analysis on the evolution patterns
after the compounding of extreme low temperature and extreme precipitation.

The eastern Hexi Corridor lies in the ecotone between the Loess Plateau and the
Gobi Desert. This region is highly sensitive in its response to climate change,
has a fragile ecological environment, and is vulnerable to multiple meteorolog-
ical disasters such as drought, sandstorms, rainstorms, extreme high tempera-
tures, and low-temperature freezing injury. Spring is the season in which cold
and warm air masses alternate frequently in this region, and it also coincides
with the critical period for crop sowing, seedling emergence, and growth. Low-
temperature and rainy weather during this period not only seriously disrupts
spring plowing and spring sowing and the normal development of crops, but also
has considerable impacts on local crop farming and animal husbandry. However,
no studies have yet been reported on spring compound cold-and-rainy events in
this region. Therefore, based on daily observations of extreme minimum tem-
perature and precipitation from five meteorological stations in the eastern Hexi
Corridor during 1960–2024, this study explores and identifies spring compound
cold-and-rainy events, and conducts an in-depth analysis of their spatiotemporal
evolution patterns and potential impacts on agricultural production. The results
will help improve forecasting and early-warning capabilities for compound cold-
and-rainy events, and provide theoretical support for mitigating agroecological
hazards and formulating scientific defensive measures.

1 Data and Methods
1.1 Overview of the Study Area
The study area is located in the eastern Hexi Corridor in central Gansu Province.
Its distinctive feature is that it lies in the transitional convergence zone of three
major geomorphic units—the Qinghai–Tibet Plateau, the Loess Plateau, and the
Mongolian Plateau—at 36°29′–39°27′N and 101°41′–104°16′E. The terrain slopes
from southwest to northeast, with elevation gradually decreasing from 2500–4850
m on the slopes of the Qilian Mountains in the southwest to 1300–2000 m in the
northeast. According to geomorphic characteristics, it can be divided into four
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typical regions: the alpine mountain area of the Tianzhu Qilian Mountains in
the south, the shallow mountain area of Yongchang in the north and Gulang in
the south, the Liangzhou oasis plain in the central part, and the Minqin desert
area in the north (Fig. 1). The eastern Hexi Corridor has pronounced continen-
tal temperate arid–semi-arid climate characteristics. Meteorological data (30-a
mean for 1991–2020) show a large north–south temperature difference (0.7–9.4
°C), scarce precipitation (120.8–431.1 mm), abundant sunshine (2649.5–3184.4
h), and strong evaporation (1567.9–2631.3 mm), with evaporation reaching 3.6–
21.8 times the precipitation. In spring, the climatic characteristics are temper-
atures of 0.7–11.2 °C and precipitation of 21.9–85.0 mm. As a typical climatic
transition zone, the eastern Hexi Corridor exhibits high sensitivity to climate
change[30].

In-figure labels: elevation/m; 4853; 1247; meteorological station; study-area
boundary; county boundary; Yongchang; Minqin; Liangzhou; Gulang; Tianzhu;
0; 50 km.

Note: Prepared based on the standard map with approval No. GS(2024)0650
from the Standard Map Service website of the Ministry of Natural Resources;
the base-map boundaries were not modified. The same below.

Fig. 1 Spatial distribution of terrain and meteorological stations in the eastern
Hexi Corridor

1.2 Data Sources
The data used in this study come from five national basic meteorological sta-
tions in the eastern Hexi Corridor, namely Yongchang, Minqin, Liangzhou, Gu-
lang, and Tianzhu (Wushaoling Station). The data elements are daily minimum
temperature (hereafter referred to as low temperature) and daily precipitation,
covering the spring season (March–May) during 1960–2024. The Meteorological
Information Center of the Gansu Provincial Meteorological Bureau provided all
data

The data are characterized by complete sequences and good continuity, have
undergone strict quality control, and are highly reliable.

1.3 Research methods

The inverse-distance-weighted interpolation method in ArcGIS[31] was used
to generate spatial distribution maps of compound low-temperature and rainy
events. Based on the linear trend method, the long-term variation trend in the
annual frequency of compound low-temperature and rainy events was analyzed.
The linear regression model is:

𝑥𝑖 = 𝑏 + 𝑎 × 𝑡𝑖 (1)

chinarxiv.org/items/chinaxiv-202606.00291 Machine Translation

https://chinarxiv.org/items/chinaxiv-202606.00291


where 𝑥𝑖 is the frequency of compound low-temperature and rainy events in
year 𝑖; 𝑏 is the constant term; 𝑎 is the climatic tendency rate; and 𝑡𝑖 is the year
corresponding to year 𝑖[32]. The significance of the trend was tested using the
climatic trend coefficient, i.e., the correlation coefficient between the variable
and the time series. According to Monte Carlo simulation results[33], at sig-
nificance levels of 𝛼 = 0.1, 0.05, and 0.01, the corresponding critical values of
the trend coefficient are 0.306, 0.365, and 0.443, respectively. When the abso-
lute value of the trend coefficient exceeds the above critical values, the change
trend is indicated as relatively significant, significant, and highly significant,
respectively.

2 Results and analysis
2.1 Identification and determination of compound low-temperature
and rainy events

The definition of compound extreme events follows the “maximum proximity
principle,”that is, if two types of extreme events at the same site occur within the
same 1 d (spatiotemporal compounding) or occur consecutively (temporal com-
pounding), they are defined as compound extreme events[34]. Single extreme
events were determined based on the percentile threshold method[35]. The spe-
cific procedure was as follows: for a given location, the daily low-temperature
(precipitation) series from March to May during 1960–2024 was ranked in ascend-
ing order year by year and month by month, and the 10th (90th) percentile was
selected as the threshold for low-temperature (precipitation) events. Thus, the
low-temperature (precipitation) thresholds for March–May in each year were
obtained. The mean value of the multi-year low-temperature (precipitation)
threshold for a given location and month was defined as the total threshold of
low temperature (precipitation) for that location and month. The total thresh-
olds of low temperature and precipitation for each location and month in the
eastern Hexi Corridor are shown in Table 1. When the daily low temperature at
a location is ≤ the total threshold, and the precipitation amount on the previous
1 d, the same day, or the following 1 d is ≥ the total threshold, it is recorded as
one compound low-temperature and rainy event; alternatively, when the daily
precipitation at a location is ≥ the total threshold, and the low temperature on
the previous 1 d, the same day, or the following 1 d is ≤ the total threshold, it is
also recorded as one compound low-temperature and rainy event. If compound
low-temperature and rainy events occur continuously for 2 d or more, they are
counted as one compound low-temperature and rainy event. For each location,
spring compound low-temperature and rainy events are the sum for March–May,
and the regional compound low-temperature and rainy events are the mean of
the five stations.

Table 1 Total threshold values of low temperature and precipitation in various
regions of the eastern Hexi Corridor from March to May during 1960–2024
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Place
name

Low-
temperature

total
thresh-

old / °C

Low-
temperature

total
thresh-

old / °C

Low-
temperature

total
thresh-

old / °C

Precipitation
total

thresh-
old /
mm

Precipitation
total

thresh-
old /
mm

Precipitation
total

thresh-
old /
mm

March April May March April May
Yongchang −11.6 −4.9 0.6 0.7 1.4 2.9
Minqin −9.9 −2.8 4.3 0.2 0.4 1.3
Liangzhou −7.6 −1.7 4.2 0.6 1.0 2.3
Gulang −9.9 −3.4 1.9 2.1 3.8 6.2
Tianzhu −15.2 −9.7 −4.0 1.3 2.5 5.3

2.2 Spatiotemporal variation characteristics of compound low-
temperature and rainy events

2.2.1 Spatial distribution The eastern Hexi Corridor is located on the east-
ern flank of the Qilian Mountains. Its terrain is diverse, including mountains
and hills as well as plains and deserts, and the spatial distribution of compound
low-temperature and rainy events varies by region. During spring and March–
May from 1960 to 2024, compound low-temperature and rainy events in the
eastern Hexi Corridor as a whole showed a spatial distribution characterized
by more events in the south and fewer in the north (Fig. 2). The frequency of
compound low-temperature and rainy events was 1.6–3.9 times in spring, 0.4–1.4
times in March, 0.5–1.2 times in April, and 0.6–1.6 times in May. In spring and
during March–May, the spatial distribution trend of compound low-temperature
and rainy events was generally Gulang > Tianzhu > Liangzhou > Yongchang
> Minqin; that is, Gulang in the southern shallow-mountain area was the high-
value area for compound low-temperature and rainy events, while Minqin in the
desert area was the low-value area.

This may be because the southern mountainous area is at a high elevation and
is located on the windward slope and slope crest on the northeastern side of the
Qilian Mountains. As weather systems move from northwest to southeast, the
effects of topographic blocking and uplift cause cold air to accumulate there,
making convective precipitation more likely and precipitation amounts larger.
As a result, compound low-temperature and rainy events in the southern moun-
tainous area occur more frequently than in the northern shallow-mountain area,
the oasis plain, and the desert area. In addition, although the high, cold moun-
tainous area along the slope in Tianzhu has the highest elevation, it is located
near the slope crest, where uplift is not very pronounced and may even be re-
placed by subsidence. This is not conducive to the accumulation of cold air or the
occurrence of convective precipitation, so compound low-temperature and rainy
events in Tianzhu are fewer than in Gulang. Therefore, Gulang in the shallow-
mountain area is a high-value area for compound low-temperature and rainy
events. By contrast, Minqin in the northern desert area is mainly controlled
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by the westerly circulation system. The atmospheric water-vapor content is rel-
atively low, the desert-climate characteristics are obvious, and precipitation is
scarce. Even when marked extreme low temperatures occur, the probability of
forming compound low-temperature and rainy events remains low; thus, Minqin
in the desert area is a low-value area for compound low-temperature and rainy
events. It can therefore be seen that the spatial distribution of compound low-
temperature and rainy events in the eastern Hexi Corridor is the result of the
combined influence of elevation, topography and landforms, and atmospheric
circulation systems.

2.2.2 Temporal variation

(1) Interdecadal variation

The frequency of compound low-temperature and rainy events in the eastern
Hexi Corridor showed an overall decreasing trend by decade in spring and in
March–April (Table 2), although individual decades also exhibited relatively low
or relatively high values. Since the 21st century, compound low-temperature and
rainy events have decreased markedly. From 1960–1969 to 2020–2024, spring
compound low-temperature and rainy events in the whole region and in Yong⋯

Figure 2 panels and legends

• (a) Spring
– Stations: Minqin, Yongchang, Liangzhou, Gulang, Tianzhu
– Legend: meteorological station; study-area boundary; county bound-

ary
– Frequency/times: 2.0, 2.4, 2.8, 3.2, 3.4, 3.6
– Scale: 0–50 km

• (b) March
– Stations: Minqin, Yongchang, Liangzhou, Gulang, Tianzhu
– Legend: meteorological station; study-area boundary; county bound-

ary
– Frequency/times: 0.6, 0.8, 1.0, 1.2, 1.4, 1.6
– Scale: 0–50 km

• (c) April
– Stations: Minqin, Yongchang, Liangzhou, Gulang, Tianzhu
– Legend: meteorological station; study-area boundary; county bound-

ary
– Frequency/times: 0.6, 0.7, 0.8, 0.9, 1.0, 1.1
– Scale: 0–50 km

• (d) May
– Stations: Minqin, Yongchang, Liangzhou, Gulang, Tianzhu
– Legend: meteorological station; study-area boundary; county bound-

ary
– Frequency/times: 0.8, 0.9, 1.0, 1.1, 1.2, 1.3
– Scale: 0–50 km
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Fig. 2 Spatial distributions of the average frequency of compound low-
temperature and rainy events in the eastern Hexi Corridor in spring and in
each month during 1960–2024

Chang, Minqin, Liangzhou, Gulang, and Tianzhu decreased in spring by 1.5, 1.0,
1.7, 1.3, 2.9, and 0.8 times, respectively; in March by 1.0, 1.1, 0.9, 0.7, 1.9, and
0.4 times, respectively; and in April by 0.6, −0.2, −0.4, 0.7, 1.0, and 1.0 times,
respectively. In May, the compound low-temperature and rainy events generally
showed a trend of first increasing and then decreasing with the decades. They
reached the maximum in 1980–1989 and the minimum in 2020–2024, with 1960–
1969 being the second lowest. From 1960–1969 to 1980–1989, they increased by
0.9, 0.4, 0.7, 1.4, 1.2, and 0.7 times, respectively; from 1980–1989 to 2020–2024,
they decreased by 0.8, 0.5, 1.1, 1.3, 1.2, and 0.1 times, respectively.

(2) Interannual variation

Figure 3 shows the interannual variation trends in the frequency of compound
low-temperature and rainy events in spring and from March to May in the east-
ern Hexi Corridor during 1960–2024. The climatic tendency rates and trend
coefficients are shown in Table 3. For the whole region and all localities, the an-
nual frequency of compound low-temperature and rainy events in spring and in
March–April showed a decreasing trend. In May, the trends in annual frequency
were not very consistent: Yongchang and Minqin showed decreasing trends,
whereas the whole region and the other localities showed increasing trends. In
terms of the absolute value of the climatic tendency rate, the order in spring
was Gulang > whole region > Minqin > Liangzhou > Yongchang > Tianzhu;
in March it was Gulang > whole region > Yongchang > Liangzhou > Minqin
> Tianzhu; in April it was Tianzhu > Gulang > Liangzhou > whole region >
Minqin > Yongchang; and in May it was Tianzhu > Minqin = Gulang > whole
region > Liangzhou > Yongchang. Only a few individual regions and individual
months passed the significance test for the climatic trend coefficient (Table 3).
Overall, the decreasing or increasing trends of compound low-temperature and
rainy events were not obvious.

Table 4 gives the maximum annual frequencies and occurrence years of com-
pound low-temperature and rainy events in spring and in each month for the
whole region, Yongchang, Minqin, Liangzhou, Gulang, and Tianzhu in the east-
ern Hexi Corridor. The interannual fluctuations of compound low-temperature
and rainy events in the whole region and in each locality were relatively large.
The maximum annual frequency in spring was 6 times for the whole region, and
each

Table 2 Decadal anomalies in the frequency of compound low-temperature and
rainy events in spring and in each month in the eastern Hexi Corridor during
1960—2024
Tab. 2 Decadal distances of compound low temperature and rainfall events
frequency in the eastern Hexi Corridor in spring and every month during 1960
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—2024
Unit: times

Period Location
1960—
1969

1970—
1979

1980—
1989

1990—
1999

2000—
2009

2010—
2019

2020—
2024

Spring Whole
re-
gion

0.0 0.6 0.7 0.1 −0.3 −0.1 −1.5

Spring Yongchang−0.1 0.4 0.8 0.2 −0.5 0.0 −1.1
Spring Minqin 0.3 0.6 0.4 −0.6 −0.2 0.1 −1.4
Spring Liangzhou−0.4 0.7 1.2 0.2 −0.4 −0.2 −1.7
Spring Gulang 0.2 0.8 1.0 0.4 −0.9 −0.3 −2.7
Spring Tianzhu 0.0 0.3 −0.2 0.4 0.2 −0.3 −0.8
March Whole

re-
gion

0.4 0.0 0.5 −0.2 −0.1 −0.2 −0.6

March Yongchang 0.4 −0.5 0.8 0.0 −0.3 −0.3 −0.7
March Minqin 0.5 0.0 −0.1 −0.3 0.0 0.2 −0.4
March Liangzhou 0.2 −0.1 0.9 −0.3 −0.2 −0.1 −0.5
March Gulang 0.7 0.6 0.4 −0.3 −0.3 −0.7 −1.2
March Tianzhu 0.0 −0.2 0.3 0.0 0.3 −0.2 −0.4
April Whole

re-
gion

0.2 0.4 −0.2 0.1 −0.2 −0.1 −0.4

April Yongchang−0.2 0.5 −0.1 0.0 −0.2 0.1 0.0
April Minqin 0.1 0.6 0.1 −0.2 −0.2 −0.1 −0.3
April Liangzhou 0.1 0.5 −0.4 0.4 −0.4 −0.2 −0.6
April Gulang 0.2 0.3 0.1 0.1 −0.2 −0.1 −0.8
April Tianzhu 0.7 0.1 −0.5 0.3 −0.2 −0.4 −0.3
May Whole

re-
gion

−0.6 0.2 0.3 0.2 0.0 0.2 −0.5

May Yongchang−0.4 0.3 0.0 0.1 −0.1 0.1 −0.5
May Minqin −0.2 0.1 0.5 0.0 0.1 0.1 −0.6
May Liangzhou−0.8 0.2 0.6 0.0 0.1 0.0 −0.7
May Gulang −0.7 −0.1 0.5 0.6 −0.4 0.5 −0.7
May Tianzhu −0.7 0.4 0.0 0.1 0.1 0.3 −0.1

At individual locations, the frequency was 5–9 times; in March, April, and May,
the whole-region frequency was 3 times in each case, and the frequencies at
individual locations were 3–6, 3–5, and 3–5 times, respectively. For the whole
region and for each location, the years with the highest annual frequency in
spring and in each month were quite inconsistent, and all occurred before 2010,
indicating that compound low-temperature and rainy events decreased markedly
after 2010. For the whole region and for each location, in spring and in each
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month, there were individual years in which no compound low-temperature and
rainy events occurred.

3 Discussion
This study focuses on the identification and determination of compound low-
temperature and rainy events in the eastern Hexi Corridor and on analysis of
their spatiotemporal variation characteristics. Although certain research results
have been obtained, several issues still require further discussion. First, this
study has not yet addressed the anomalous circulation characteristics or the oc-
currence and development mechanisms of compound low-temperature and rainy
events. In view of the complexity of the causes of compound extreme events
noted in the IPCC Sixth Assessment Report—their driving factors may not have
obvious associations—subsequent research should focus on exploring how cli-
mate warming affects the anomalous occurrence mechanisms of such compound
events, thereby significantly improving forecasting and early-warning capability
and the effectiveness of risk response, and laying a foundation for formulating
scientific disaster-prevention and mitigation strategies. Second, this paper used
only daily minimum temperature and precipitation data from five national me-
teorological stations; problems such as sparse station coverage, uneven spatial
representativeness, and limited coverage remain. Moreover, the intensity and
persistence of compound low-temperature and rainy events were not analyzed,
which constrains the accuracy and refinement of the research conclusions. In
the future, data from more regional observation stations should be integrated
to build a higher-resolution research framework, accurately and finely character-
ize the spatiotemporal heterogeneity of compound low-temperature and rainy
events, and better reveal the true changes in compound low-temperature and
rainy events in the eastern Hexi Corridor.

In addition, agriculture is one of the sectors most sensitive to climate change
and extreme climate events. The eastern Hexi Corridor is a sensitive area to
climate change and a region where extreme climate events occur frequently; it is
also a vulnerable area for agricultural production. Climate change has produced
a series of impacts on crop growth and development, yield and quality, planting
structure, geographic distribution, and physiological ecology in the eastern Hexi
Corridor, and the impacts of extreme compound climate events

Figure 3. Interannual variation in the frequency of compound low-temperature
and rainy events in the eastern Hexi Corridor during spring and in each month
from 1960 to 2024.

Subpanels: (a) Spring; (b) March; (c) April; (d) May.
Axes: frequency; year.
Legend: entire region; Liangzhou; Yongchang; Gulang; Minqin; Tianzhu.

The effect is more pronounced[36–37]. Compound low-temperature and rainy
events are one of the important climatic indicators and meteorological disasters
affecting agricultural production in spring in the eastern Hexi Corridor. On the
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one hand, spring compound low-temperature and rainy events in the eastern
Hexi Corridor lower soil temperature, delaying crop emergence and develop-
ment, and even hindering seedling growth; they seriously affect crop growth,
leading to yield reduction or even total crop failure. On the other hand, com-
pound low-temperature and rainy events increase soil and air humidity, caus-
ing soil compaction, reducing the emergence rate, and promoting the breeding
and spread of pests and diseases, thereby increasing agricultural disaster losses.
Meanwhile, compound low-temperature and rainy events create a microclimatic
environment characterized by low temperature and insufficient sunshine, seri-
ously affecting crop yield, quality, and the stability of agricultural production,
and in turn affecting food security and economic income[38–39]. Therefore, fu-
ture work urgently needs to investigate the mechanisms by which compound
low-temperature and rainy events affect agricultural production, propose effec-
tive defensive countermeasures suitable for low-temperature and rainy events,
and actively respond to their impacts on agricultural production.

Table 3. Climate tendency rate and trend coefficient of the annual frequency
of compound low-temperature and rainy events in the eastern Hexi Corridor in
spring and each month during 1960—2024

Period Item
Entire
region Yongchang Minqin Liangzhou Gulang Tianzhu

Spring Tendency
rate /
times・
(10𝑎)−1

−0.205 −0.133 −0.195 −0.194 −0.393 −0.109

Spring Trend
coeffi-
cient

−0.293 −0.151 −0.261 −0.214 −0.332∗ −0.116

March Tendency
rate /
times・
(10𝑎)−1

−0.121 −0.119 −0.057 −0.097 −0.299 −0.032

March Trend
coeffi-
cient

−0.307∗ −0.202 −0.149 −0.188 −0.433∗∗∗ −0.069

April Tendency
rate /
times・
(10𝑎)−1

−0.101 −0.007 −0.100 −0.114 −0.132 −0.151

April Trend
coeffi-
cient

−0.291 −0.014 −0.267 −0.266 −0.242 −0.257
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Period Item
Entire
region Yongchang Minqin Liangzhou Gulang Tianzhu

May Tendency
rate /
times・
(10𝑎)−1

0.017 −0.007 −0.038 0.010 0.038 0.074

May Trend
coeffi-
cient

0.045 −0.017 −0.083 0.034 0.058 0.137

Note: , ** indicate that the trend coefficient passed the significance test at the
levels of 𝛼 = 0.1 and 𝛼 = 0.01, respectively.
Table 4. Maximum annual frequency and occurrence year of compound low-
temperature and rainy events in the eastern Hexi Corridor in spring and each
month during 1960—2024

Place
name

Spring
fre-

quency
/ times

Spring
year

March
fre-

quency
/ times

March
year

April
fre-

quency
/ times

April
year

May
fre-

quency
/ times

May
year

Entire
re-
gion

6 1979,
2010

3 1962,
1979

3 1975 3 1992

Yongchang 8 1989 5 1982 3 1975,
1989,
2010

3 1977,
1992,
2016

Minqin 5 1975,
1979,
1982,
2010

3 1969,
1979

3 1975 4 1961

Liangzhou 8 1979 3 1962,
1969,
1979,
1985,
1989,
2010

3 1963,
1979

4 1980

Gulang 9 1979 6 1962 3 1963,
1979,
1990,
1996,
2003,
2010

5 1992

Tianzhu 7 1992 4 2007 5 1960 5 1992
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4 Conclusion
(1) Using the percentile-threshold method, the 10th (90th) percentile value of

the daily low-temperature (precipitation) series was defined as the thresh-
old for a low-temperature (precipitation) event. When the daily low tem-
perature (precipitation) was lower (higher) than the threshold, it was iden-
tified as a low-temperature (precipitation) event. When low-temperature
and precipitation events occurred on the same day at the same station, or
when low-temperature and precipitation events occurred successively at
the same station, they were defined as a compound low-temperature and
rainy event.

(2) Compound low-temperature and rainy events in spring and in March—May
in the eastern Hexi Corridor all exhibited a spatial distribution character-
ized by more events in the south and fewer in the north. Gulang County
in the southern mountainous area was the high-value area for compound
low-temperature and rainy events, whereas Minqin County in the desert
area was the low-value area.

(3) In the eastern Hexi Corridor, compound low-temperature and rainy events
in spring and in March and April generally showed a decreasing trend with
both decade and year, with the fewest occurring in 2020—2024. In May,
they generally showed a trend of first increasing and then decreasing with
decade and year, with the fewest occurring in 1960—1969. The maximum
frequencies and occurrence years of compound low-temperature and rainy
events in spring and in March—May differed among the entire region and
the various localities, and in each case there were individual years in which
no compound low-temperature and rainy events occurred.
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Identification and change characteristics of com-
pound low temperature and rainfall events of
spring in the eastern Hexi Corridor
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(1. Wuwei National Climate Observation Platform, Wuwei 733099, Gansu,
China; 2. Lanzhou Institute of Arid Meteorology of China Meteorological Ad-
ministration, Key Laboratory of Arid Climatic Change and Reducing Disaster
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Abstract: Compound low-temperature and rainfall (CTLR) events are among
the complex, high-incidence climate extremes occurring in the eastern Hexi
Corridor. They are important climate indicators and meteorological disasters
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that cause more severe damage to agricultural production and the ecological
environment than single extreme climate events. Based on daily minimum
temperature and precipitation data from five meteorological stations (spring
of 1960—2024) in the eastern Hexi Corridor, CTLR events were identified
and characterized via the percentile threshold method and the principle of
maximum proximity. Spatiotemporal characteristics of CTLR events were
subsequently analyzed using the inverse distance weighting interpolation
and linear trend methods. The results show the following: (1) Springtime
and March–May CTLR events in the region assumed distribution charac-
teristics of more in the south, less in the north, ranked by frequency as
Gulang>Tianzhu>Liangzhou>Yongchang>Minqin. High-frequency areas were
clustered in the Gulang shallow mountainous area, whereas the Minqin desert
area served as the low-frequency area. (2) Spring, as well as March and April
CTLR events showed decadal and annual decreases, whereas May showed a
nonmonotonic trend, increasing first before decreasing. Peak CTLR frequency
years (spring and monthly) varied across regional and local scales, and CTLR
absences were recorded in individual years. This provides an important
scientific basis and practical reference for agricultural production and ecological
security.

Keywords: identification; change characteristics; compound low temperature
and rainfall events; percentile threshold method; Hexi Corridor

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