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Abstract: Spatial and temporal variations in daytime and night-time precipitation and differences in
these variations between the dry and wet seasons were investigated based on a daily precipitation
dataset comprising data from 73 meteorological stations on the Yunnan–Guizhou Plateau from 1960
to 2017. The results show that both daytime and night-time precipitation and the numbers of daytime
and night-time precipitation days exhibited nonsignificant downward trends over a long timescale
but fluctuated on an interdecadal scale. A complicated relationship was found between elevation
and precipitation because the vertical precipitation gradient first increased with elevation and then
decreased with elevation when the elevation exceeded 1500 m. Additionally, the average annual
precipitation was clearly greater at night-time than in the daytime during the corresponding period.
Furthermore, heavy and moderate rainfall contributed more than half of the total annual precipitation,
and several rainfall days contributed much of the annual precipitation, particularly at night; night-
time precipitation produced 33% of the average annual precipitation on only 5% of annual rainfall
days. Additionally, we found significant correlation between El Niño–Southern Oscillation (ENSO)
indexes and precipitation. These findings are valuable for coping with meteorological disasters
associated with extreme precipitation under global climate change.

Keywords: daytime and night-time precipitation; spatiotemporal pattern; elevation gradients; ENSO;
Yunnan–Guizhou Plateau

1. Introduction

Diurnal precipitation variations play an important role in the climate system on re-
gional and even global scales and significantly impact water resources security, ecosystems,
agricultural activity, human health and socioeconomics [1–3]. As a result of surface tem-
perature, solar radiation and local atmospheric circulation, the daytime and night-time
rainfall presents obvious spatial and temporal differences and is closely related to the
change in daily precipitation [4–6]. It is therefore necessary to carefully analyze the diurnal
precipitation in terms of dealing with global climate change.

With the increasing number of meteorological stations and the rapid development of
precipitation retrievals from satellites, the variation characteristics of diurnal rainfall in
China have been extensively studied. Yu et al. [7] and Zhu et al. [8] analyzed the spatial
distribution of summertime precipitation in China on a national scale and pointed out
that diurnal and regional differences existed in the appearance of summertime precipi-
tation peaks. Further studies revealed that extreme summer precipitation events most
frequently occurred in the late afternoon or early evening across the majority of China [9].
Zheng et al. [10] investigated the variations in hourly precipitation over central and eastern
China, and the results show that hourly precipitation of varying intensity displayed a bi-
modal characteristic. In northern China, a local rainfall peak was found to normally appear
near mountaintops and diffuse downslope and in the southeast, while the rainfall peak
was found to reach the central North China Plains at midnight and in the early morning,
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leading to the maximum nocturnal precipitation occurring over the broad region of the
North China Plains [11]. Similar studies have also been conducted in other regions across
China, such as in southern China, the Yellow River Basin, the Qilian Mountains, Chongqing
and Taiwan Province, and these findings have shown that diurnal precipitation exhibits
obvious spatiotemporal variability resulting from variations in influencing factors [12–16].
The above research has enriched our knowledge of diurnal precipitation changes, but few
studies focus on the multiple-timescale evolution of daytime and night-time precipitation,
especially on the Yunnan–Guizhou Plateau, which exhibits a fragile ecology and serious
rainfall erosion.

The Yunnan–Guizhou Plateau is characterized by typical monsoon conditions, complex
topography and a prominent local climate; thus, the climate in this region has aroused
widespread concern. Xue et al. [17] studied the regularity and periodicity of precipitation
in the wet season over a long timescale on the Yunnan–Guizhou Plateau. Cheng et al. [3]
comprehensively investigated the diurnal variations in precipitation indices and their
association with large-scale circulations and found that both the intensity and concentration
of precipitation were increasing in Southwest China; their results also support the research
conducted by Qin et al. [18] to some extent, which reported a nonsignificant increasing
trend in annual precipitation. Li et al. [19] and Yuan et al. [20] analyzed the precipitation
trend and variations in the frequency and amount of rainfall over the Hengduan Mountains
region, respectively. Furthermore, several other studies have focused on extreme climate
conditions. In terms of temporal changes, the extreme precipitation changes observed in the
daily climate of Southwest China were relatively small, and it was difficult to detect trends
at longer, e.g., interannual or decadal, timescales [21]; at the same time, the spatial variability
of precipitation changes was observed to decrease, and the distribution of these changes
was found to be inhomogeneous [22]. Zhang et al. [23] found that extreme precipitation
in most parts of the Jinsha River Basin has become more intense and frequent and that
extreme precipitation has clearly increased in high-elevation areas, but similar studies in
the Hengduan Mountains region have reached different conclusions. Extreme precipitation
events were found to decrease with elevation by Zhang et al. [24], further demonstrating
the complexity of precipitation characteristics on the Yunnan–Guizhou Plateau.

The aims of this study were as follows: (1) to analyze the variation characteristics of
daytime and night-time precipitation on a long timescale; (2) to explore the differences in
diurnal precipitation between the dry and wet seasons and at different elevations; and (3) to
study on the possible causes related to the distribution of diurnal precipitation. The results
will provide a certain statistical reference for the prevention and control of flood and
drought disasters in the study area.

2. Materials and Methods
2.1. Study Area and Data

The Yunnan–Guizhou Plateau is one of the four major plateaus in China and is mainly
composed of Yunnan and Guizhou Provinces; this plateau was the research area selected
for study in this paper. It has a varied topography, and most of the area is mountainous and
hilly. The topography declines from northwest to southeast, with an average elevation of
2000 m and a maximum vertical elevation difference of approximately 6664 m. Climatically,
the region is principally dominated by the South Asian Monsoon and East Asian Monsoon,
with the rain and heat synchronization; the overall average annual temperature is 16.2 ◦C.
Additionally, the average annual rainfall of each meteorological station ranges from 800 mm
to 1500 mm, with a mean value of approximately 1100 mm, and more than 80% of the
annual precipitation is concentrated from May to October [3]. A series of rivers originate or
flow through this region, such as the Pearl River, Yangtze River, Lancang River, Nujiang
River, Jinshajiang River and Wujiang River. Karst is highly developed in the region, and
peak clusters, karst caves, sinkholes, underground rivers and other karst landforms are
widely distributed; as a result, precipitation leakage can easily occur underground and
cause geological drought disasters [25,26].



Atmosphere 2022, 13, 415 3 of 18

The long-term daily precipitation datasets (comprising daytime precipitation data
collected from 8:00 to 20:00 and night-time precipitation data collected from 20:00 to 8:00
Beijing time) used in this study are products of the National Meteorological Information
Center of the China Meteorological Administration (CMA) and the local meteorological
bureau. A total of 73 meteorological stations with records covering the period from 1960 to
2017 were selected by excluding stations with extensive missing data (Figure 1).
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Figure 1. Location map of Yunnan–Guizhou Plateau and meteorological stations.

2.2. Trend Analysis and Change Rate

Linear regression is a statistical analysis method that is used to measure quantitative
relationships between variables. The most important features of this method are the
detection of shifts in time series and the prediction of future development trends [27];
this method is thus widely applied for detecting trends in long-timescale data series [28].
The linear regression estimation model can be expressed as follows:

y = a + bx (1)

where y is the fitted precipitation value, x is the particular year, a is the intercept, and b is
the regression coefficient; and in this study, b is the change rate of the linear trend.

3. Results and Discussion
3.1. Temporal Changes in Diurnal Precipitation
3.1.1. Changes in Rainy Season and Dry Season of Diurnal Precipitation

According to the change in precipitation and the seasonal transition of atmospheric
circulation, the rainy season (RS) and dry season (DS) are usually defined in different
regions of China in terms of month or pentad. The Yunnan–Guizhou Plateau is deeply
affected by monsoon activity and exhibits an obvious distinction among months. Generally,
the rainy season lasts from May to October and involves abundant and concentrated
precipitation, while the dry season, characterized by less precipitation, lasts from November
to April [29]. Consequently, the characteristics of daytime and night-time precipitation
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in the dry and rainy seasons were also explored in this study. As shown in Figure 2, the
precipitation distribution shows inhomogeneity throughout the annual cycle. On average,
80% of the annual precipitation is concentrated in the rainy season, while the remaining 20%
occurs in the dry season. From the subannual perspective, the differences in the proportions
of precipitation between seasons were also obvious; the proportion of precipitation that fell
in the rainy season ranged from 73% to 87%, and the proportion that fell in the dry season
was between 13% and 27% (Figure 2a).
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Figure 2. Proportion of average precipitation in different periods. (RS: proportion of precipitation
in rainy season, DS: proportion of precipitation in dry season, RS-daytime: proportion of daytime
precipitation in rainy season, RS-nighttime: proportion of night-time precipitation in rainy season, DS-
daytime: proportion of daytime precipitation in dry season, DS-nighttime: proportion of night-time
precipitation in dry season).

Additionally, Figure 2b,c show the diurnal distributions of precipitation in the rainy
and dry seasons. Consistent with the annual distributions of daytime and night-time
precipitation, night-time precipitation is still dominant in both the dry season and the
rainy season. The maximum proportion of daytime precipitation recorded during the rainy
season was 47%, which appeared in 1973 and 2017, with daytime precipitation yielding
an average value of 43% in the 1960–2017 period. The highest proportion of night-time
precipitation falling in the rainy season was 62%, which appeared in 1991 and 1992, with a
long-term average proportion of 43% (Figure 2b). However, in the dry season, precipitation
mainly occurred at night, and the average precipitation at night was almost twice as high
as that in the daytime, suggesting that less precipitation fell in the dry season; however,
the distribution difference within a day was much greater in the dry season than in the
wet season (Figure 2c). The proportion of precipitation recorded in the daytime during
the dry season varied from 27% to 41% during the study period, while the night-time
values ranged from 59% to 73%. In comparison, we found that the extreme proportion
values in the rainy and dry seasons did not synchronously occur because the maximum
and minimum proportions appeared in different years.

The change trend of daytime and night-time precipitation in the rainy season and dry
season was further calculated, and all results exhibit decreasing trends in the period of
1960–2017 (Table 1). Although the decrease rate was slower, it can be seen from the linear
fitting lines that the decreasing trend of precipitation in the rainy season was faster than
that in the dry season. Specifically, for daytime precipitation, the gap between the rainy
and dry seasons was relatively large, with change rates of −0.62 mm/yr and −0.01 mm/yr,
respectively (Figure 3).
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Table 1. The change trend of daytime and night-time precipitation in rainy season and dry season.

RS-Daytime RS-Nighttime DS-Daytime DS-Nighttime

Linear change rate −0.62 mm/yr −0.43 mm/yr −0.01 mm/yr −0.18 mm/yr

p-value 0.06 0.27 0.94 0.4
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3.1.2. Annual Variations in Daytime and Night-Time Precipitation

The diurnal variation in mean annual precipitation during the 1960–2017 period is
shown in Figure 4. It is not difficult to surmise that the changes in the average annual
night-time and daytime precipitation are approximately uniform and present interannual
fluctuation characteristics Figure 4a,b. The maximum annual night-time precipitation
total, 771.17 mm, appeared in 1991, while the minimum annual night-time precipitation
total of 509.09 mm appeared in 2011; the overall mean value over the 58 studied years
was 671.79 mm. With regard to the daytime precipitation, the maximum and minimum
annual average precipitation totals were 547.80 mm and 361.18 mm, respectively, and the
overall mean value was 477.33 mm. Obviously, there was more precipitation at night than
during the day on the Yunnan–Guizhou Plateau, and the statistical results demonstrate that
the night-time annual average precipitation was higher than the daytime annual average
precipitation, with a mean difference of 194.46 in the 1960–2017 period. This phenomenon
was most evident in the 1990s, and the maximum difference appeared in 1991 with a value
of 314.26 mm (Figure 4c).
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The 5-year moving average curve shows that the average precipitation fluctuated in
waves. The first waveform began in the 1960s and ended in the 1990s, and precipitation
experienced a dynamic changing process of rising, stabilizing and descending during
this period. A similar change process reappeared in the second wave pattern but lasted
for a shorter period of 20 years. In the 21st century, precipitation, especially daytime
precipitation, exhibited a rapidly increasing trend (Figure 4a,c).

3.1.3. Interdecadal Variations in Daytime and Night-Time Precipitation

The regional time series (1960–2017) of daytime precipitation and night-time precipita-
tion on the Yunnan–Guizhou Plateau showed downward annual trends of −6.30 mm/10 yr
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and −6.12 mm/10 yr, respectively (Table 2); this can be characterized as a co-decreasing
daytime and night-time trend type according to the classification method of Deng et al. [30],
which indicates that the overall change in precipitation exhibited a slight decrease in the
studied timescale. The results are in agreement with a previous study conducted in South-
west China [3] but different from those obtained in the river basins; the precipitation change
pattern of the river basins in Southwest China exhibited a trend characterized by a daytime
increase and night-time decrease [30]. The differences among the results of these studies
may be attributable to the scopes of the study areas, as the Southwest River Basins are
mainly concentrated on both sides of the river with a significant local climate, and cannot
thus better represent the overall rainfall situation in Southwest China.

Table 2. Interdecadal linear trends (mm/10 yr) of precipitation on annual scales.

1960s 1970s 1980s 1990s 2000s 2010s 1960–2017

daytime 57.76 −5.18 −60.95 73.75 −68.48 186.31 −6.30

night-time 73.95 −5.65 −116.82 1.04 −102.90 137.00 −6.12

When focusing on interdecadal change trends, more complex and diverse trends can
be observed. Daytime and night-time precipitation exhibited linear decreasing trends in the
1970s, 1980s and 2000s and increasing trends in the 1960s and 2010s. The changes in inter-
decadal night-time precipitation were generally larger than those in daytime precipitation
over the study area, and four of the six interdecadal periods showed greater amplitudes
of variation in night-time precipitation than in daytime precipitation. The change trend
difference observed for night-time precipitation in each interdecadal period varied from
−116.82 mm/10 yr to 137.00 mm/10 yr. During the 1980s, the decreasing rate of night-time
precipitation reached a maximum value, and this decrease passed the significance level test
at p < 0.05. Furthermore, another phenomenon emerged; that is, regardless of the difference
in the variation amplitude, the directions of the changes in daytime and night-time rainfall
were consistent on the interdecadal scale.

Though the temporal variations exhibited interdecadal heterogeneity, it must be noted
that the daytime and night-time precipitation amounts recorded for the Yunnan–Guizhou
Plateau since 2010 have been increasing faster than those recorded in any other period over
the last 58 years (Table 2). Liu et al. [31] pointed out that the annual change in the number
of consecutive days without effective precipitation has accelerated since 2010 in Southwest
China. Rapid increases in both diurnal precipitation and noneffective precipitation days
have been observed in the study area, clearly indicating a strengthened rainfall intensity
that may produce extreme climate conditions and greater erosion risks. Indeed, this
inference has been directly confirmed in other studies, and flooding in this region has
been occurring at a high level since the beginning of the 21st century and most evidently
after 2010 [32].

To further explore the differences between daytime and night-time precipitation in
the study area, we also classified and counted the precipitation days (Figure 5). As seen in
Figures 4 and 5, not only was the annual average precipitation amount greater at night than
during the daytime, but there was also a greater number of precipitation days recorded at
night than during the day. However, the annual variations in precipitation days revealed
excellent consistency between the night-time and daytime precipitation days if the slight
differences in the extent of change are ignored; this differs from the characteristics observed
for the overall annual average precipitation. We identified both the daytime and night-time
precipitation days as exhibiting linear downward trends; the trends were −0.32 d/yr and
−0.40 d/yr, respectively, and the decreasing trend of night-time precipitation days revealed
a faster rate than that of daytime precipitation days (Figure 5a).
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Figure 5a,b show the precipitation day anomalies recorded for the Yunnan–Guizhou
Plateau. Overall, the anomaly changes showed periodic characteristics; precipitation days
mainly exhibited positive anomalies from 1960 to 1980, indicating that there were many
precipitation days in this period, and this phenomenon continued until the mid-1980s.
From the late 1980s to the end of the 1990s, the precipitation day anomalies changed
irregularly from year to year. Nevertheless, the anomalies have shown obvious negative
features since 2000; the mean night-time precipitation day anomaly was −10.91 after 2000,
and the mean daytime precipitation day anomaly was −8.97, reaching a maximum value
in 2014 at approximately −30 Figure 5c.

3.2. Spatial Changes in Diurnal Precipitation
3.2.1. Spatial Distributions of Daytime and Night-Time Precipitation Change Rates

As mentioned above, the precipitation at each station also presents different variation
characteristics due to the influence of geographical location. The change rate of diurnal pre-
cipitation can be reflected by the overall change features of an independent station. Figure 6
shows the obtained spatial distributions of precipitation variations on the Yunnan–Guizhou
Plateau at different times throughout the study period. In terms of daytime precipitation,
the precipitation in most areas decreased, and these decreases were mainly concentrated in
the eastern region. The areas of Qiandongnan and Qujing exhibited large linear reductions
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in daytime precipitation, and these cities were located in the middle-south part of the
study area. Increasing daytime precipitation was mainly recorded in northwestern Yunnan
Province and at a few stations in eastern Guizhou Province (Figure 6a). Spatially, night-
time precipitation also showed a decreasing phenomenon across most of the study area,
and the obvious difference between night-time and daytime precipitation was that some
southeastern stations revealed increasing precipitation at night compared to the recorded
daytime precipitation (Figure 6b,c). Overall, the spatial distributions of precipitation in
the three periods of study were relatively consistent regardless of the magnitude of the
change rate, particularly in the low-elevation eastern region. It is clear that local underlying
surface elements have an important influence on precipitation in mountainous areas, such
as surface roughness, topography and so on. On the one hand, surface roughness limits the
intensity and distribution of convective precipitation by friction convergence [33]; on the
other hand, the mountain terrain may trigger topographic waves and then interfere with
air flow migration to affect precipitation [34]. Peng et al. [35] reported that the terrain of
Southwest China fluctuates vigorously with an average roughness coefficient up to 1.06,
and the surface roughness increases from southeast to northwest, which is consistent with
altitude change. To some extent, the spatial heterogeneity of land surface leads to abnormal
circulation; it makes the local precipitation system show a more complex pattern, and there
will even be differences between short-distance adjacent stations. Therefore, convective
precipitation caused by a complex underlying surface is probably one of the reasons for the
spatial heterogeneity of rainfall when the effect of atmospheric circulation is disregarded.
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3.2.2. Spatial Variation in the Gradients of Daytime and Night-Time Precipitation

The study area is a typical mountainous region with complex topography, such as large
elevation drops and obvious local climate conditions. The vertical drop between the highest
and the lowest meteorological observation stations considered in this study reached 2900 m.
Naturally, we analyzed the precipitation variations recorded at different elevations. Based
on the elevation of each meteorological station, we divided the stations into five gradients
with an interval of 500 m, and the number of stations in each gradient is listed in Table 3.
The annual average high-elevation precipitation in the study area was relatively lower
in both the daytime and night-time, particularly in the regions over 2000 m, than those
recorded at lower elevations. EG5 exhibited the least annual average precipitation in the
daytime at 337.99 mm, which was 67% of the maximum annual precipitation that appeared
in EG3. However, at night, the minimum annual average precipitation accounted for only
63% of the maximum value; the minimum and maximum annual average precipitation
amounts were 468.62 mm and 741.19 mm, respectively.

Table 3. Statistics of meteorological stations in different altitude gradients (AG).

Items AG1
(<500 m)

AG2
(500–1000 m)

AG3
(1000–1500 m)

AG4
(1500–2000 m)

AG5
(>2000 m)

Number of stations 9 19 24 15 6

Proportion 12% 26% 33% 21% 8%

Average of daytime annual
precipitation (mm) 475.21 476.87 501.99 494.39 337.99

Average of night-time
annual precipitation (mm) 689.34 705.43 741.19 587.38 468.62

Figure 7 shows the temporal changes recorded in daytime and night-time precipitation
at different elevation gradients (EGs). The night-time precipitation recorded in each gra-
dient was larger than the corresponding daytime precipitation and presented fluctuation
characteristics; these characteristics were consistent with the results previously mentioned
in regard to the overall precipitation variation. In view of this fluctuation tendency, all the
EGs showed a decreasing trend in annual average precipitation with linear coefficients
ranging from −0.76 mm/yr to −0.11 mm/yr. By comparison, although the downward
trends of the EGs were less intense at the interdecadal scale, they were still quite similar to
the annual variations recorded in the overall precipitation and maintained low reduction
rates. Moreover, we found that the linear trend change rates did not have any inevitable
relationship with the EGs, revealing a diversification characteristic.

The relationship between elevation and precipitation has naturally become a focus of
spatial variation research, as topographic uplift may produce orographic rainfall. Several
studies have documented that precipitation increases with elevation, such as studies con-
ducted in the Sichuan Province and Qilian Mountains of China [36,37], while other studies
have shown that precipitation declines significantly with elevation [38,39]; however, these
results do not represent the only manifestation of the relationship between precipitation
and elevation. We found that the precipitation gradient on the Yunnan–Guizhou Plateau
differed obviously from that described above, and daytime and night-time precipitation
first increased gradually with elevation and then gradually decreased with elevation when
a certain elevation was reached (Table 3). This phenomenon was consistent with results
obtained in the region comprising the southern slope of the Himalayas, but the critical
point on the gradient differed [40,41]. Additionally, Zeng et al. [36] also indicated that pre-
cipitation trends increased with elevation and that precipitation increased in high-elevation
areas but decreased in low-elevation areas. However, in this study, the precipitation char-
acteristics all exhibited decreasing trends regardless of the elevation gradient (Figure 7).
A popular explanation for regional differences is that the precipitation gradient is mainly
affected by the sources, contents and rising velocity of water vapour, the terrain and the
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stability conditions, especially when considering the interaction between the uplift velocity
and water vapour content [39].
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3.3. Characteristics of Extreme Daytime and Night-Time Precipitation

Referring to the extreme climate index standard defined by the World Meteorological
Organization (WMO), the characteristics of moderate precipitation (≥10 mm) and heavy
precipitation (≥25 mm) in daytime and night-time were analyzed in this paper. Due to
the great differences in recorded precipitation among stations, we calculated the average
proportions of heavy and moderate rain from the perspective of comparability (Figure 8).
It can be seen from the centre-point diagram that moderate rainfall absolutely dominated
daytime precipitation, with higher proportions of moderate rainfall recorded at all stations
than the centre value. Regarding the proportion of heavy rainfall recorded for daytime
precipitation Figure 8a, 49 of 73 stations exhibited proportions greater than 20%, indicating
that the contributions of heavy and moderate rainfall to daytime precipitation were quite
obvious. At night, the contribution rates of heavy and moderate rainfall varied greatly
at each station, with the proportions of heavy rainfall ranging from 6% to 52% and the
proportions of moderate rainfall ranging from 23% to 41%. According to Figure 8b, little
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difference was observed in the moderate precipitation proportions among the 73 stations,
and the proportion values mainly fluctuated around the central point of 30%. The differ-
ences in the heavy precipitation proportion among stations was relatively significant, and
the proportions of 68% stations were higher than the central point of 30%.
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and night-time.

Additionally, the annual average proportion in the study area exhibited some differ-
ences in the time series. From 1960 to 2017, the average contribution rate of heavy rainfall
in the daytime ranged from 17% to 27%, with an annual mean value of 21%, while that
of moderate rainfall was between 32% and 39%, and the annual mean value was 35%.
The results show that moderate rainfall was the main precipitation type in the daytime,
as the average contribution rate of this type of precipitation was nearly 1.7 times greater
than that of heavy rainfall. Compared to daytime precipitation, night-time precipitation
showed another feature: the night-time contribution rates of heavy precipitation and mod-
erate precipitation were almost equal, and the annual average values were 33% and 32%,
respectively. Overall, the results suggest that the contribution rates of different rainfall
intensities to the total annual precipitation vary considerably whether the precipitation
occurs in daytime or night-time because moderate rain and more intense rain account
for the dominant contribution to the overall annual precipitation. Additionally, research
conducted by Feng and Zhao [42] led to similar conclusions; the light precipitation events
contribute greatly to precipitation days, while moderate and heavy precipitation events
contribute greatly to the annual precipitation amount.
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In addition, a comparison chart was created to more intuitively reveal the main
contributions of heavy rainfall and moderate rainfall to the overall annual rainfall. Figure 9
shows that the number of rainfall days and the precipitation amounts present obvious
asymmetry; fewer heavy precipitation and moderate precipitation days were recorded than
light precipitation days, but these few days contributed the most to the annual rainfall.
During the daytime, the mean annual proportions of heavy and moderate rainfall days
from 1960 to 2017 accounted for only 3% and 10% of the precipitation days, respectively,
while their contribution rates to the overall precipitation were as high as 21% and 35%. At
night, the annual average percentage of heavy rainfall days was 5%, but these days yielded
33% of the total annual precipitation; similarly, the average annual percentage of night-time
moderate rainfall days was 10%, and the contribution rate of these days to the total annual
precipitation was 32%. The asymmetry degree of heavy rainfall was the most evident, and
the percentage multipliers of the overall precipitation and rainfall days were all greater
than 6.6.
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days, NMP: number of moderate precipitation days).

Generally, precipitation events with different intensities have asymmetrical influence,
and extreme precipitation, such as heavy rains and rainstorms, plays an important role
in causing floods and soil-erosion-related disasters. Liu et al. [43] definitively indicated
that, typically, fewer than 3% of annual rainy days in the southwest karst area of China
actually contributed 19% of the total annual precipitation. Although the results of previous
studies have shown characteristics in some regions that are consistent with the results
described in this work, discrepancies still exist in the contribution of rainfall events of
different intensities among regions characterized by various climatic types. According to
the statistical results, contributions of rainfall events above the moderate intensity level are
obviously less in the arid and semi-arid zones of China than in humid and semi-humid
zones; for example, the contribution rate of moderate and more intense rainfall in the Pearl
River Basin, located in a humid zone, reached 72% [44]. Therefore, it is necessary to shift
attention to rainfall intensity characteristics on a long timescale to cope with the adverse
effects of precipitation.
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3.4. Possible Causes Related to the Distribution of Diurnal Precipitation

The causes of variations in diurnal precipitation among different regions have been
widely discussed. In general, diurnal precipitation is principally affected by multiscale
atmospheric circulations, heterogeneous underlying surfaces, local microclimates, urban-
ization and other factors [3,5,8,45–47]. The joint effects of large-scale circulations and local
factors usually result in complex climatic characteristics [48], but the importance of each
influencing factor varies from place to place. In southwestern China, including on the
Yunnan–Guizhou Plateau, atmospheric circulations, rather than underlying surface factors
(land cover, topography, etc.), principally affect precipitation change [22].

Many factors could explain the variations in daily precipitation, but atmospheric circu-
lation has garnered the most concern. Previous studies have deepened our understanding
of the precipitation in Southwest China and suggested that the water vapour available
for precipitation is influenced by four major circulation patterns, namely, the South Asian
monsoon, the westerlies, the East Asian monsoon and local circulation [49,50]; among these
patterns, the contribution of the South Asian monsoon dominates [51]. However, since the
end of the 1970s, the water vapour entering the region from South Asia has decreased under
the effects of the westerlies and South Asian monsoon [49], and the East Asian summer
monsoon has also been found to be weakening in Southwest China [21,52]. The weakening
of the monsoons and an insufficient water vapour supply are the main reasons for the
observed reductions in precipitation in Southwest China. These findings may explain why
the daytime and night-time precipitation amounts have slightly decreased over the past
58 years on the Yunnan–Guizhou Plateau.

El Niño–Southern Oscillation (ENSO) could be another important factor, as it is con-
sidered to be the strongest signal affecting global climate change. Its occurrence will lead
to the anomaly of large-scale atmospheric circulation and then influence precipitation [53].
Additionally, the associated indicators of the Oceanic Niño Index (ONI), Southern Oscilla-
tion Index (SOI) and Multivariate ENSO Index (MEI) were selected to express ENSO and
participated in the correlation analysis. Since the data do not follow the normal distribution,
the correlation between precipitation and ENSO indexes was calculated by the method of
Spearman correlation analysis (Table 4). It is clear that the ENSO has an obvious influence
on precipitation on the Yunnan–Guizhou Plateau, particularly the El Niño. All three ENSO
indexes exhibited significant correlation with diurnal precipitation in the El Niño time
period, and the correlation coefficient of night-time precipitation was higher than that of
daytime precipitation, indicating that El Niño has a more significant impact on night-time
precipitation. During the period of La Niña, the response of daytime and night-time pre-
cipitation to ONI was more sensitive than SOI and MEI. Nevertheless, the influence was
small throughout the study period and accompanied by extremely low correlation, and
most of them failed to meet the level of significance. This result could contribute to better
proof of the precipitation variation in Southwest China that correlates particularly well
with ENSO [3].

Table 4. Correlation matrix of diurnal precipitation and ENSO indices in different periods.

Type ONI SOI MEI

All Time Period
Daytime precipitation 0.02 0.03 0.03

Nighttime precipitation −0.02 −0.03 −0.02
Daily precipitation 0.07 0.10 *** 0.09 **

El Niño Time Period
Daytime precipitation 0.62 *** −0.64 *** 0.44 *

Nighttime precipitation 0.68 *** −0.70 *** 0.54 **
Daily precipitation 0.67 *** −0.69 *** 0.51 **

La Niña Time Period
Daytime precipitation −0.45 * 0.03 −0.37

Nighttime precipitation −0.55 ** 0.13 −0.45 *
Daily precipitation −0.50 * 0.08 −0.41

Bold numbers indicate a significant trend, and asterisks designate the confidence interval * 90%, ** 95%, *** 99%.
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Besides that, land surface conditions on regional climate are equally deserving of
attention, as they are strongly related to the diurnal precipitation cycle [54]. Previous
studies have suggested that soil moisture and local precipitation show an interactive
feedback relationship; the moist soil promotes the increase in wet static energy of the
boundary layer by acting on the surface’s latent heat flux and surface albedo, which is
conducive to precipitation [55,56]. However, Li [57] found that the soil moisture of the study
area exhibited a decreasing trend during the period 1961–2017. The decrease in soil moisture
and the insufficient supply of local water vapour may be another possible reason for the
reduced diurnal precipitation on Yunnan–Guizhou Plateau in the long-term. Furthermore,
vegetation comprehensively affects atmospheric circulation and local precipitation through
the influence of multiple land surface elements, such as surface albedo, surface roughness
and evapotranspiration [58]. For decades, thanks to the successive implementation of karst
rocky desertification control and national ecological restoration projects, the vegetation
coverage in most areas of Yunnan–Guizhou Plateau is expanding, but the interaction
between vegetation and climate change is complex. The relationship between NDVI and
precipitation is heterogeneous, with a positive correlation in Yunnan Province and negative
correlation in Guizhou Province [59]. Hence, the possible factors influencing diurnal
precipitation are multidirectional, and it is difficult to define which one is the unique
element, especially in complex plateau mountain regions.

The Intergovernmental Panel on Climate Change (IPCC) report clearly indicates that
the probability of heavy rainstorm events presents an increasing trend in mid-latitude
regions [60]. Nevertheless, it should be emphasized that the driving mechanism of pre-
cipitation is quite complex, especially that of extreme precipitation [3]. Although this
study analyzed the spatiotemporal variations in diurnal precipitation, there is not sufficient
evidence to reveal any impact of human activities or dynamic local factors on precipitation
in the studied fragile karst ecological environment, and in-depth work in this regard will
be continued in future research.

4. Conclusions

Based on an intraday dataset comprising data recorded at 73 meteorological stations
on the Yunnan–Guizhou Plateau, this paper analyzed the changes in daytime and night-
time precipitation that occurred between 1960 and 2017. The average annual night-time
and daytime precipitation exhibited interannual fluctuations characterized by a dynamic
changing process of rising, stabilizing and descending. Slight downward annual trends
were found in the daytime and night-time precipitation amounts, respectively. However,
the trends showed obvious heterogeneity at the interdecadal scale, and the linear change
rate in interdecadal night-time precipitation was found to be generally larger than that in
daytime precipitation.

A complex relationship was observed between the elevation gradient and precipitation,
and both the daytime and night-time precipitation gradients first increased with elevation
and then decreased with elevation when the elevation gradient of 1000–11,500 m was
reached. In both the dry season and the rainy season, night-time precipitation accounted for
high proportions; the contributions of heavy rainfall and moderate rainfall to precipitation
were obvious. Additionally, the statistical results indicate that the greater potential flooding
risk on the Yunnan–Guizhou Plateau was due to high precipitation concentrations, as fewer
rainfall days contributed to a higher annual precipitation, particularly night-time rainfall.

Overall, the climate of the Yunnan–Guizhou Plateau represents a special area that
is jointly affected by multiple monsoons, El Niño–Southern Oscillation, complex land
surface conditions and so on. Currently, research indicators are mostly limited to spatial
and temporal dimension analyses of precipitation, the precipitation intensity and extreme
precipitation indexes, and few systematic and comprehensive studies have been performed.
Therefore, it is difficult to fully reveal the causes and laws of regional precipitation patterns,
and these efforts necessitate further research.
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