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Abstract: Long-term precipitation trend is a good indicator of climate and hydrological change. The
data from 635 ground stations are used to quantify the temporal trends of precipitation with different
intensity in China from 1961 to 2016. These sites are roughly uniformly distributed in the east or west
regions of China, while fewer sites exist in the western region. The result shows that precipitation
with a rate of <10 mm/day dominates in China, with a fraction of >70%. With a 95% confidence
level, there is no significant temporal change of annually averaged precipitation in the whole of
China. Seasonally, there are no significant temporal changes except for a robust decreasing trend in
autumn. Spatially, significant differences in the temporal trends of precipitation are found among
various regions. The increasing trend is the largest in Northwest China, and the decreasing trend is
the largest in North China. The annually averaged number of precipitation days shows a decreasing
trend in all regions except for Northwest China. Regarding precipitation type, the number of light
precipitation days shows a robust decreasing trend for almost all regions, while other types show no
significant change. Considering the high frequency, the temporal trends of light precipitation could
highly explain the temporal variation of the total precipitation amount in China.

Keywords: precipitation amount; precipitation days; temporal variation; light precipitation; heavy
precipitation; China

1. Introduction

Precipitation is a critical component in the hydrologic cycle and ecology system on both global
and regional scales [1–5]. It also plays an essential role in the energy transport by storing or releasing
latent heat in the climate system [6,7]. Therefore, characterizing the spatial distribution and temporal
trends of precipitation is crucial both for improving the physical understanding of regional climate
dynamics and for evaluating weather and climate models. Ultimately, it can help manage water for
agriculture and deal with flood crisis, especially for a country with frequent drought and flooding
such as China.

Various factors could affect the temporal and spatial patterns of precipitation on regional and
global scales, including the natural variabilities, such as El-Nino/Southern Oscillation [8], the soil
moisture [9], the surface temperature [2,10,11], and the aerosols [12–18]. As indicated by [2], when
climate changes, there are changes in precipitation in the intensity, frequency, and duration. In China,
whether precipitation trends are driven by greenhouse gases or anthropogenic aerosols has been under
debate for a while. Qian et al. [19] analyzed the surface precipitation data and suggested that increasing
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aerosols could result in a decreasing trend of light and middle precipitation by serving as cloud
condensation nuclei (CCN). Such a hypothesis about the microphysical aerosol effect on precipitation
in China was corroborated by the climatic simulations using a state-of-the-art global climate model [20].
Thus, it is important to examine the precipitation variation from an observational perspective.

Long-term precipitation datasets have been obtained from different sources. The rain gauge
measurements, ground and satellite remote sensing observations, and model outputs have generally
been used for the analysis of precipitation [7,21–24]. As indicated by [23], there are non-negligible
random errors and biases in the satellite precipitation retrievals because of the indirect nature of
the relationship between the observation signal and the precipitation, the inadequate sampling, and
algorithm imperfections. By contrast, rain gauges give relatively accurate point measurements, while
suffering from sample volume, particularly over ocean and mountain regions.

Using the rain gauge observations, several studies have been carried out to obtain the precipitation
characteristics in China [25–30], particularly regarding the extreme precipitation events. Liu et al. [26]
described the spatial and temporal variation of precipitation observed daily at 272 weather stations
operated by the China Meteorological Administration (CMA) from 1960 to 2000. They found that
precipitation in China increased by 2% over that period, while the frequency of precipitation events
decreased by 10%. Zhang et al. [29] examined the spatial and temporal variation of precipitation over
China using 160 stations from 1951 to 2005. It showed that precipitation in China is uneven in space
and time, and its complex temporal structure and spatial variations are different in each season. Chen
et al. [31] carried out spatial interpolation to daily precipitation in China to get gridded precipitation
from 1951 to 2005. Miao et al. [27] investigated the temporospatial features of hourly precipitation
during the warm season over mainland China from 1991 to 2012 and revealed the basic information
about the variation of the frequency, intensity, and total amount of precipitation. Zhou and Wang [30]
showed the sensitivity of precipitation to long-term warming and found a high sensitivity for the
weak precipitation days. While these studies provide basic information about the characteristics of
precipitation over China, the change in the number of precipitation days has rarely been investigated.
Moreover, the characteristics of precipitation found by previous studies are not always consistent.
Furthermore, the station sites that are used are limited and uneven in either East China or West China,
and the study period is also limited without accounting for the precipitation after 2010 for most studies.

Here, we choose the ground rain gauge stations with the longer precipitation records and roughly
uniform spatial distribution to carry out a comprehensive analysis about the temporal trends of relative
changes of both precipitation amount and precipitation days over different regions during a long time
period from 1961 to 2016. The number of rain gauge network stations adopted in this study reaches
635, which is more than most of the previous studies and with a more uniform spatial distribution. The
temporal variation of annually and seasonally averaged precipitation for precipitation amount and
for precipitation days with different rain intensity over five classified regions will be analyzed. This
can provide more information about the statistical characteristics of different types of precipitation in
China, which can help understand the change of atmospheric processes.

The paper is organized as follows. Section 2 describes the data and methods. Section 3 shows the
data analysis and results. And Section 4 provides the summary and discussion.

2. Data and Method

2.1. Weather Station and Data

Daily precipitation data were obtained from 2472 stations from the Chinese National Meteorological
Center from January 1961 to February 2016 [32]. Considering that the number of observational stations
in service has changed with time and there are partial stations with many missing data, we have made
two criteria to select the data and observation stations. First, when there are continuously missing
data for more than one year from 1961 to 2016 at a station, the observations from that station will not
be used. Second, we divide the whole region in China into 1◦ × 1◦ grids and only adopt the station
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with the least missing data to use in every grid. With these two criteria, we roughly make the stations
used in this study uniformly distributed in space in eastern or western China. By applying the two
criteria, we finally obtained 635 stations in this study, which are shown in Figure 1. Considering what
we use is daily precipitation data, we will not interpolate the precipitation data for the time or grids
with missing data.
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Figure 1. Spatial distribution of 635 ground weather stations used in this study and region classification.
Five regions have been classified, which are Northwest China (NW), Tibetan Plateau (TP), Northeast
China (NE), North China (N), and South China (S). The colors represent the ground altitude above
sea level.

2.2. Precipitation Type and Region Classification

The daily precipitation data at all stations could be classified into six types according to the
precipitation intensity (P), which are no (P < 0.1 mm/day), light (0.1 mm/day ≤ P ≤1 mm/day), small
(1 mm/day < P ≤ 10 mm/day), middle (10 mm/day < P ≤ 25 mm/day), heavy (25 mm/day < P ≤ 50
mm/day), and severe (P > 50 mm/day) precipitations. Note that trace precipitation with P less than 0.1
mm/day and fogs have been defined as no precipitation. The last four types of precipitations are also
called as effective precipitation [33].

We classify the China mainland into five regions based on their different climate characteristics,
which are Northwest China (NW), Tibetan Plateau (TP), Northeast China (NE), North China (N),
and South China (S), as indicated in Figure 1. The NW belongs to an arid and semi-arid region with
a continental temperature monsoon climate. It generally has a relatively large area of dry surface
and small amount of precipitation. The TP belongs to a plateau mountain region with a mountain
climate. It is generally with strong solar radiation, low temperatures, and large diurnal variation
of air temperature, along with significant uneven spatial distribution of precipitation. The NE and
N both belong to the mid-latitude monsoon climate, with high temperatures and a large amount of
precipitations in summer, and low temperatures and a small amount of precipitation in winter. The
annual precipitation amounts in NE and N are both about 300–1000 mm. However, compared to N,
the temperature over NE is lower with a larger seasonal variation. The S belongs to a subtropical
monsoon climate, with high temperatures, a large amount of precipitations, and relatively weak
seasonal variations of atmospheric status. A similar region classification has been adopted in our early
study [34]. We will analyze the temporal trend of precipitation in each region, along with the whole
of China.
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2.3. Statistical Analysis Method

A linear fitting regression analysis for the temporal trend of both time averaged precipitation
amount and precipitation day number is adopted in our analysis, which is described as

y = at + b (1)

where y is the seasonally or yearly averaged precipitation amount or precipitation day number
(precipitation days), and t is the time in unit of year, a is the regression coefficient, which denotes the
linear trend, b is another regression coefficient, which represents the intercept of linear fitting. The
statistical t-test method is used to examine whether the temporal trends of precipitation amount and
precipitation days reach statistical significance at a confidence level of 95%.

Considering the significant differences in precipitation amount and precipitation days among
different regions, it is not meaningful to compare the temporal trend of precipitation among the
different regions in absolute values. Instead, we focus on the temporal trend of relative changes
of precipitation amount and the number of precipitation days for each region or station in units of
%/10 years, which are defined as the ratio of temporal trends in absolute values to the averages of
precipitation amount and precipitation days between 1961 and 2016.

3. Observation-Based Analysis and Results

3.1. Temporal Trends of Precipitation Amount

We first analyze the temporal trends of precipitation amount at every station and region in China.
Figure 2 shows the temporal trends of relative changes in annual precipitation amount for all stations
examined from 1961 to 2016. The blue solid circles indicate increasing precipitation amount, red open
circles denote decreasing precipitation amount, and the large, middle, and small circles represent
the stations with increasing (blue) or decreasing (red) precipitation amount > 10%/10 years, 10%/10
years–5%/10 years, and < 5%/10 years, respectively. For all significant temporal changes of precipitation
amount with a confidence level of 95%, the stations have been indicated with an extra black ‘O’.
Roughly, there are similar numbers for stations with increasing and decreasing trends of precipitation
amount, which are 305 and 330 stations, respectively. However, for the stations with significant decadal
trends of precipitation amount, the station number (55) with increasing trends is clearly larger than
that (26) with decreasing trends. Figure 2 also shows a clear spatial pattern regarding the temporal
trends of precipitation amount. Particularly, there is a clear increasing trend of precipitation amount in
the NW region, and a clear decreasing trend of precipitation amount in the boundary regions between
TP and S, N.

Figure 3 further shows the temporal trends of annually averaged precipitation amount over the
five regions we classified in Figure 1. The temporal trends of seasonally averaged precipitation amount
over the five regions have also been examined in this study. Table 1 lists the values of temporal trends
of both annually and seasonally averaged precipitation amount over the five regions. The bold values
shown in Table 1 indicate that they pass the significance test at a confidence level of 95%. Roughly,
there are significant increases in precipitation amount in the summer of NW and S regions in the winter
of NE and NW regions and in the spring of NE and TP; there are significant decreases in precipitation
amount in the summer of TP and autumn of the whole country. Annually averaged, there is a weak
(not significant) decreasing trend of precipitation amount in the whole of China, which is −0.11%/10
years. By contrast, there is a strong decreasing trend of seasonally averaged precipitation amount in
autumn (−2.6%/10 years), which could contribute a lot to the weak decreasing trend of the annually
averaged precipitation amount in China. Consistent with the decreasing trend in China, there are
decreasing trends of precipitation amount in N, NE, and TP, with values of −1.7, −0.3, and −0.88 %/10
years, respectively. Differently, there is a weak increasing trend in S with a value of 0.32%/10 years, but
a strong increasing trend in NW with a value of 4.4%/10 years. Note that a previous study [26] found
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that precipitation in China increased by 2% from 1960 to 2000 with an increasing rate of ~0.5%/10 years,
different from the weak decreasing trend (−0.11%/10 years) found in this study. The difference could be
partly related to the different study periods and observation stations used. Another study [29] showed
unclear temporal variation of precipitation amount over the whole of China from 1951 to 2005, while
they also showed the decreasing trends of precipitation amount in N and NE and increasing trends of
precipitation amount in NW.
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Table 1. Temporal trends of annually and seasonally averaged precipitation amount for the station
observations (bold values indicate that they pass the significance test with a 95% confidence level) (unit:
%/10 years).

CHINA S N NE NW TP

ANNUAL −0.11 1.0 −1.5 0.8 5.2 −0.7
MAM −0.26 −1.6 −0.4 5.4 3.0 3.4

JJA 0.39 2.4 −2.1 −1.6 3.9 −1.6
SON −2.6 −3.3 −2.4 −1.7 3.9 −2.1
DJF 3.9 4.1 2.1 9.7 13.8 −1.8

The temporal trends of relative changes in the seasonally averaged precipitation amount show
different spatial distributions from that of the annually averaged precipitation amount, which are
shown in Figure 4. The circles and colors shown in Figure 4 have the same meanings as those shown in
Figure 2. In spring, the precipitation amounts show clear increasing trends in Northeast, Northwest,
and Tibetan Plateau regions, with a lot of stations passing the significance test at a 95% confidence level.
By contrast, the precipitation amount in South China shows a decreasing trend, while with limited
stations passing the significance test at a 95% confidence level. In summer, in addition to the Northwest
region, there is also an increasing trend of precipitation amount in South China, particularly for those
coastal stations that pass the 95% confidence significance test. By contrast, the decreasing trends of
precipitation amounts can be found in most stations over Northeast, North China, and Tibetan Plateau
regions. In autumn, except for the increasing trends of the precipitation amount in the Northwest
region, the seasonally averaged precipitation amount shows clear decreasing trends for most stations
in other regions. In winter, except for the south region of the Tibetan Plateau and some coastal sites in
the North China region, there are very clear increasing trends of the precipitation amount with many
stations passing the 95% confidence significance test.
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ground stations.

In summary, there are significant increasing trends of annually and seasonally averaged
precipitation amounts for most stations in the Northwest China region. For the South China region,
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there are decreasing trends in both spring and autumn, and increasing trends in both summer and
winter for most stations, causing a weak increasing trend of annually averaged precipitation amount.
For the Northeast China region, there are increasing trends in both spring and winter, but decreasing
trends in summer and autumn for most stations, causing a weak decreasing trend of annually averaged
precipitation amount. For the North China region, there are decreasing trends for most stations in
summer, and no clear trends in other seasons. Correspondingly, the annual averaged precipitation
amount has shown a weak decreasing trend in North China. For the Tibetan Plateau region, except for
the increasing trend in spring, there are decreasing trends in other seasons, particularly for the South
region of Tibetan plateau, causing a decreasing trend of annually averaged precipitation amount. While
not certain, the temporal variation of precipitation over the TP is likely influenced by its topography, as
shown in Figure 1, along with the large-scale circulation, which is beyond the scope of the current study.

3.2. Temporal Trends of Precipitation Days

In addition to the precipitation amount, we also analyzed the temporal trends of precipitation
days at every station and region. Figure 5 shows the temporal trends of relative changes in annual
precipitation days for all 635 stations from 1961 to 2016. The circles have the same meanings as those
shown in Figure 2 except that they are for precipitation days instead of precipitation amount. It shows
a very different spatial pattern as that shown for precipitation amount. For most stations in China,
there are clear decreasing trends in precipitation days except for the Northwest region, for which
there are clear increasing trends in precipitation days except for a few stations. Also different from
the results of precipitation amount, the changes in precipitation days are significant for many more
stations. Table 2 lists the temporal trends of relative changes of precipitation days in China, along with
those in the five regions classified in Figure 1. There are significant decreasing trends in China for
the precipitation days, which is −2.9%/10 years, −1.5%/10 years, −2.1%/10 years, −5.9%/10 years, and
−2.8 %/10 years for yearly average, spring, summer, autumn, and winter, respectively. In contrast,
Liu et al. [26] showed a decreasing trend of precipitation frequency from 1960 to 2000 with a rate of
−2.5%/10 years, which is roughly consistent with our finding of −2.9%/10 years. Regionally, there
are also significant decreasing trends of annual precipitation days in S, N, NE, and TP, which are
−3.5%/10 years, −3.9%/10 years, −1.6%/10 years and −3.8%/10 years, respectively. Differently, there is a
significant increasing trend of annual precipitation days in the NW region, which is 1.7%/10 years. The
reasons that the precipitation days have these temporal and spatial variations are not clear and need to
be further explored in future studies.
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Table 2. Decadal trend of annual and seasonal averaged precipitation days in China and its five
classified regions (bold values indicate that the changes passed the 95% significance test) (unit: % /10
years).

CHINA S N NE NW TP

ANNUAL −2.9 −3.5 −3.9 −1.6 1.7 −3.8
MAM −1.5 −3.0 −2.8 2.2 1.0 −0.3

JJA −2.1 −0.83 −4.0 −4.1 0.68 −2.1
SON −5.9 −7.7 −6.3 -3.3 −0.2 −6.0
DJF −2.8 −3.4 −1.2 2.2 7.1 −12.3

Figure 6 further shows the spatial distribution of temporal trends of relative changes in seasonally
averaged precipitation days in China. Note that the temporal trends of relative changes in seasonally
averaged precipitation days in China, along with those in the five classified regions have also been
listed in Table 2. Different temporal trends of precipitation days can be clearly seen over different
regions and seasons in Figure 6. The total precipitation day number shows clear decreasing trends in
autumn for all regions, which are −7.7, −6.3, −3.3, −0.2, and −6.0 %/10 years in S, N, NE, NW, and
TP regions, respectively. For other seasons, the temporal changes of total precipitation day number
demonstrate different performance among the five regions. Roughly, there are clear decreases in total
precipitation days in spring of S region, in summer of N, NE, and TP regions, in winter of S and TP
regions. In contrast, there are clear increases of total precipitation days only in winter of the NW region.
One interesting result is found for the temporal trends of relative changes of seasonally averaged
precipitation days in NW: there are a large number of stations with significant increasing trends of total
precipitation days in spring and winter, along with a considerable number of stations with significant
decreasing trends of precipitation days in summer and autumn, particularly in autumn.
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Figure 6 shows the similar spatial distribution in temporal trends of relative changes of precipitation
days as that in decadal trends of relative changes of precipitation amount shown in Figure 4 except for
the winter season (DJF). This implies that the temporal variation in the relative changes of precipitation
days could play an important contributing role to the temporal change of precipitation amount.
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Actually, Miao et al. [27] have also shown that the changes in the precipitation amount resulted mainly
from changes in frequency rather than changes in intensity in China.

Considering the impacts of precipitation on local environment (ecology, plants, agriculture, and
so on) and water management depend on both the precipitation amount and precipitation days in
a season or a year, the precipitation day information shown in Figure 6 along with the precipitation
amount information shown in Figure 4 could help a lot for the water management. For example,
the increase of precipitation day and amount in Northwest China implies the potential reduction
of irrigation needed in this area, and the decreasing precipitation day and increasing precipitation
amount in South China in summer and winter imply the increase of heavy precipitation and more
storage capability for dams in this region is demanded.

3.3. Temporal Trends of Precipitation Days with Different Intensity

Section 2 has classified the precipitation into six types based on the precipitation intensity. We here
examine the precipitation days for these six different types of precipitation. Figure 7 shows the relative
frequency for six different types of precipitation in the classified five regions. For all of these five regions,
the precipitation with P < 10 mm/day dominates, with a fraction of over 70%. Actually, around 50% of
the precipitation events are with P < 2 mm/day. By contrast, the heavy precipitation with P > 25 mm/day
has very low occurrence frequencies, which are generally less than 10%. The extreme precipitation
events mainly occur in the South China region, with a frequency close to 10%. For other regions, the
extreme precipitation events have much less occurrence frequencies, particularly in the Northwest
region (<1%). Ning and Qian [34] have also indicated that the precipitation amount associated with
weak and middle precipitation events are more than 60% of the total precipitation amount for most
regions in China by the annual average. Thus, the temporal trends of total precipitation amount for
weak and middle precipitation events should play more important roles rather than that for heavy and
severe precipitation events for most regions. Of course, for the South China region with a relatively
high frequency of heavy precipitation, the temporal trends of heavy precipitation events should also
play an important role.
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five regions of Northeast China (NE), Northwest China (NW), South China (S), North China (N), and
Tibetan Plateau (TI).

Figure 8 shows the temporal trends of relative changes of precipitation occurrence frequency
for different types of precipitation over the five classified regions along with the whole China region.
Averaged for all 635 stations in China, there are significant temporal decreases of precipitation
occurrence for both weak and middle precipitation events, among which the decreasing trend of
light precipitation is the most significant, which is 5.4%/10 years. In contrast, the heavy precipitation
occurrence frequency has an increasing trend, consistent with the findings by Ning and Qian [35].
Differently, the increasing trend we found here does not pass the 95% confidence significance test.
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Figure 8. The decadal trend of relative changes of precipitation occurrence frequency for different types
of precipitation over (a) the whole China region, along with the five classified regions of (b) South
China (S), (c) North China (N), (d) Tibetan Plateau (TP), (e) Northeast China (NE), and (f) Northwest
China (NW).

For all the five classified regions, we can see that the sunny days have significant increasing
trends in the occurrence frequency, indicating that the precipitation days have significant decreases
countrywide. For South China region, the precipitation occurrence frequencies for different types of
precipitation show the same temporal trends as that for the whole China region: there are significant
decreasing trends for light, small, and middle precipitation, and the annual heavy precipitation days
increase with time, causing the total precipitation amount to increase slightly. Note that the light
precipitation days decrease at a high rate of 8%/10 years in South China. For the North China region,
there are significant decreasing trends of precipitation days for both light and small precipitation.
While not significant, there are also decreasing trends of precipitation days for middle and heavy
precipitation in North China, which could be as large as 2.0%/10 years, causing the total precipitation
amount in North China to decrease. For the Northeast China region, only light precipitation days have
a clear decreasing trend, and there are no clear temporal trends for other types of precipitation. The
occurrence frequencies of middle and heavy precipitation have slightly decreasing trends with values
less than 1%/10 years. As a result, the total precipitation amount has a slightly decreasing trend from
1961 to 2016 in the Northeast China region. For the Tibetan Plateau region, there are decreasing trends
for the occurrence frequencies of all types of precipitation, but only those with P < 5 mm/day pass the
significance test with a 95% confidence level. Over the Tibetan Plateau region, the decreasing trends
of precipitation occurrence frequency are about 9%/10 years for light precipitation, 1%/10 years for
middle precipitation, and <1%/10 years for heavy precipitation. For the Northwest China region, there
are increasing trends for the occurrence frequencies of all types of precipitation, particularly for those
with P > 1 mm/day. The increasing trend of precipitation occurrence frequency is even larger than
10%/10 years for heavy precipitation. All of these make the yearly total precipitation amount in the
Northwest China region increase with time from 1961 to 2016.
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In every region, the temporal trends of relative changes of precipitation days also vary with season
for all types of precipitation. Figures S1–S5 (only available online in the Supplementary Materials)
show the temporal trends of occurrence frequencies of different types of precipitation for spring,
summer, autumn, and winter in S, N, NE, TP, and NW regions, respectively. We first examine the
South China region. There are clear decreasing trends of precipitation days for light, small, and middle
precipitation in spring and autumn. In summer, there are decreasing trends for light precipitation in
summer and winter, but also a clear increasing trend for heavy precipitation in summer. Shortly, in
South China, heavy precipitation increases in summer, and light precipitation decreases in all seasons.
Second, we examine the North China region. There are clear decreasing trends of precipitation days for
all types of precipitation in summer and autumn, with the light and small precipitation types passing
the 95% confidence significance test. A significant decreasing trend in the occurrence frequency is
also found for light precipitation in spring. There are no significant temporal trends in the occurrence
days for other types of precipitation or for the winter season. Shortly, significant decreasing trends of
precipitation days are found in spring, summer, and autumn for light precipitation, and in summer for
small precipitation. Third, we examine the Northeast China region. There are significant decreasing
trends of precipitation days for light precipitation in summer and autumn and for small precipitation
in summer; however, there are significant increasing trends for small precipitation in spring and winter.
Fourth, we examine the Tibetan Plateau region. Significant decreasing trends of precipitation days
can be found for light precipitation in all seasons, for small precipitation in summer and autumn, and
for middle precipitation in summer. By contrast, significant increasing trends of precipitation days
are only found in spring for small, middle, and heavy precipitation. Fifth, the temporal trends of
precipitation occurrence days in Northwest China are examined. There are slightly decreasing trends
of precipitation days for light precipitation and clear increasing trends for other types of precipitation
for almost all seasons, while only part of these trends pass the 95% confidence significance test. Shortly,
significant increasing trends of precipitation days are found for small and middle precipitation in
summer, autumn, and winter, for heavy precipitation in summer and winter, and for light precipitation
in winter in Northwest China. In contrast, there are no significant decreasing trends for all types of
precipitation in the four seasons.

In summary, there are significantly increasing trends of the sunny days, and significant decreasing
trends of occurrence frequency for light precipitation for most regions and most seasons. While multiple
reasons could exist, one likely explanation is the increasing aerosol pollution in China, which enhances
CCN concentration, reduces cloud droplet mean radius, and suppresses drizzle formation [20]. This
mechanism works particularly for light precipitation. For precipitation occurrence days other than
light precipitation, there are different temporal trends in different regions and seasons, which indicates
that the temporal trends of precipitation occurrence days should be highly related to the location,
season, and precipitation type.

3.4. Spatial Pattern for Temporal Trends of Light and Heavy Precipitation Occurrence Days

We have shown robust findings about the decreasing trends of light precipitation days over most
regions and in most seasons and increasing trends of heavy precipitation days for all cases when the
temporal changes are significant. We next examine the spatial patterns about the temporal trends of
both light and heavy precipitation occurrence days using the measurements at all 635 stations.

Figure 9 shows the spatial distributions about the temporal trends of light precipitation occurrence
days. The circles have the same meanings as those shown in Figure 3, except that they are for light
precipitation occurrence days. For most stations in China, except that in the Northwest region, there
are significant decreasing trends of light precipitation occurrence days with a 95% confidence level.
The decreasing trends are particularly large in South China, North China and Tibetan Plateau regions,
with a lot of stations having decreasing trends larger than 10%/10 years. By contrast, the decreasing
trends are much smaller in the Northeast China region.
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Figure 9. The spatial distributions about the temporal trends of light precipitation occurrence days at
635 ground stations in China.

Figure 10 shows the spatial distributions about the temporal trends of heavy precipitation
occurrence days. Compared to that shown in Figure 9 for light precipitation, the spatial pattern for
heavy precipitation is much more complex. Roughly, there are more stations with increasing trends
than those with decreasing trends for the heavy precipitation occurrence days. At a confidence level
of 95%, there are only partial stations with significant temporal changes in the heavy precipitation
occurrence days. Different from the regional average values shown in Figures S1–S4, significant
decreasing trends of heavy precipitation days also exist in some stations. The increasing trends of
heavy precipitation occurrence days mainly occur at stations in South China and Northwest China,
and the decreasing trends of heavy precipitation mainly occur at partial stations in Northeast China.
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Different spatial patterns have been found among the four seasons for both light and heavy
precipitation. Figure 11 shows the spatial distributions about the temporal trends of light precipitation
occurrence days in four seasons. In general, Figure 11 shows the similar results regarding the temporal
trends of relative changes of the light precipitation days for the five regions using station observations
as shown in Figures S1–S4 using the region-average data, while a few unique stations often exist with
different temporal changes from most stations in that region. Figure 11 also suggests that there are
more stations with significant increasing trends of light precipitation occurrence days in the Northwest
region for all seasons, and in the Northeast region in spring and winter; and there are more stations
with significant decreasing trends of light precipitation occurrence days in North China, South China,
Tibetan Plateau regions for all seasons, and in the Northeast region in summer and autumn.
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Figure 12 further shows the spatial distributions of the temporal trends of heavy precipitation
occurrence days at all stations in four seasons. In general, there are more stations with significantly
increasing trends of heavy precipitation days for almost all regions in four seasons, except for North
China in summer and Northeast China in summer and autumn. Particularly, there are clearly more
stations with significant increasing trends of heavy precipitation days for South China in summer
and winter.
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4. Conclusions

Using the meteorological observations at the selected 635 stations from 1961 to 2016, this study
reveals the temporal trends of annually and seasonally averaged precipitation amounts and precipitation
occurrence frequencies with different rainfall intensities. While the temporal trends of precipitation
amount and precipitation occurrence frequency with different rainfall intensities vary substantially
with regions and seasons, several robust findings about their statistical characteristics have been found.

The annual averaged precipitation amount shows a weak and insignificant decreasing trend in
the whole of China. The precipitation with a rate less than 10 mm/day dominates in China, with a total
precipitation fraction of over 70%. In Northwest China, the total precipitation amount shows a clear
increasing trend for both annually and seasonally averaged values. By contrast, there are significant
decreasing trends of annually averaged precipitation amounts in the boundary regions between the
Tibetan Plateau and North China, South China. Seasonally, we can find significant decreasing trends in
annually averaged precipitation amounts in autumn.

There are significant increases in sunny days for all regions except the Northwest in China. Except
for Northwest China, light precipitation days in general show a robust decreasing trend in China. The
decreasing trends are particularly large in South China, North China and Tibetan Plateau regions, with
a lot of stations having a decreasing trend larger than 10%/10 years. Considering the high frequency of
light and small precipitation (>70%), the decadal trends of precipitation days could highly explain the
temporal variation of precipitation amount in China, which is consistent with the previous findings [27].

The temporal trends of heavy precipitation days are much more complex. Generally speaking,
there are more stations with increasing trends than those with decreasing trends for heavy precipitation
occurrence days. At a confidence level of 95%, there are only limited stations with significant temporal
changes of heavy precipitation occurrence days. The increasing trends of heavy precipitation occurrence
days mainly occur at stations in South China and Northwest China, and the decreasing trends of heavy
precipitation mainly occur at partial stations in Northeast China.

Precipitation amount and occurrence days in different seasons over the five classified regions
have also been analyzed, which exhibits different temporal variation patterns. For example, for the
Northwest China region, in addition to the increasing trends of precipitation amount in four seasons
for most stations, significant increasing trends of precipitation days are also found for small and middle
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precipitation in summer, autumn, and winter, for heavy precipitation in summer and winter, and for
light precipitation in winter. Correspondingly, significant increasing trends in the annually averaged
precipitation amount have been found in the Northwest China region. Except for the Northwest
China region, there are significantly increasing trends of the sunny days, and significant decreasing
trends of occurrence frequency for light precipitation for almost all seasons over most regions. Future
studies will be conducted to understand the historical trends of precipitation in China as introduced in
this study, by analyzing multiple observed meteorological factors and performing model sensitivity
analyses using regional/global climate simulations.

Supplementary Materials: The following are available online at http://www.mdpi.com/2073-4433/11/3/303/s1,
Figure S1: The decadal trend of the relative change of precipitation occurrence frequency for different types of
precipitation in four seasons over South China (S) region, where P represents precipitation rate. Figure S2: The
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