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Abstract: The Yellow River Basin has been affected by global climate change. Studying the
spatial–temporal variability of the hydrothermal climate conditions in the Yellow River Basin is of
vital importance for the development of technologies and policies related to ecological, environmental,
and agricultural adaptation in this region. This study selected temperature and precipitation data
observed from 118 meteorological stations distributed in the Yellow River Basin over the period of
1957–2015, and used the Mann–Kendall, Pettitt, and Hurst indices to investigate the spatial–temporal
variability of the hydrothermal climate conditions in this area. The results indicated: (1) the annual
maximum, minimum, and average temperatures have increased. The seasonal maximum, minimum,
and average temperatures for the spring, summer, autumn, and winter have also increased, and this
trend is statistically significant (p < 0.01) between 1957–2015. The rate of increase in the minimum
temperature exceeded that of the maximum temperature, and diurnal warming was asymmetric.
Annual precipitation and the total spring, summer, and autumn precipitations declined, while the
total winter precipitation increased, although the trend was non-significant (p > 0.05). (2) Based on the
very restrictive assumption that future changes will be similar to past changes, according to the Hurst
index experiment, the future trends of temperature and precipitation in the Yellow River Basin are
expected to stay the same as in the past. There will be a long-term correlation between the two trends:
the temperature will continue to rise, while the precipitation will continue to decline (except in the
winter). However, over the late stage of the study period, the trends slowed down to some extent.
Keywords: Yellow River Basin; hydrothermal; warmer and drier; warmer and wetter;
spatial–temporal variation; Hurst index experiment; Mann–Kendall

1. Introduction
In recent years, global climate change has become one of the greatest concerns for human society.
As pointed out by the fifth assessment report from the Intergovernmental Panel on Climate Change
(IPCC), global warming is both temporally and spatially uneven [1]. For instance, the contribution
made by semi-arid areas to global surface warming may reach as high as 44% [2,3]. In China, the
temperature has clearly risen at an average rate of about 0.23 ◦ C every 10 years, which is almost twice
that of the global temperature increase rate in the last 60 years [1].
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The essence of climate change not only represents the variability of a single factor, but also that
of the entire climate system, so the reallocation of hydrothermal resources brought about by climate
change is worthy of close attention [4]. Climate change will alter light, temperature, precipitation,
soil, air, organisms, and other ecosystem factors through the combined variability of temperature and
precipitation, influencing ecology, the environment, agricultural production, and more [5].
In the context of global climate change, various regions in China are experiencing a changing
climate [6]. When it comes to the specific characteristics of climate change and the variations of the
hydrothermal climate conditions in different regions over the same period, however, there is no clear
consensus [6]. Spanning humid, semi-humid, semi-arid, and arid areas, the Yellow River Basin is a
transition zone between monsoon and continental climates with complex climate types. It is also an
ecosystem transition zone that is very sensitive to global climate change. Furthermore, warming and
drying phenomena are very prominent in the Yellow River Basin. This not only gives rise to frequent
drought disasters and increased extreme climatic events, but also seriously influences the sustainable
development and productivity of China’s social economy, local agriculture, and husbandry [7,8].
For this reason, studying the spatial–temporal evolution of temperature and precipitation in the Yellow
River Basin has become an urgent task for both meteorologists and policy makers.
Hydrothermal climate resources in the Yellow River Basin have also changed over the past
decades, and such changes have profoundly influenced the ecology, environment, and agriculture of
this region. Zhang et al. [9] investigated the spatial–temporal variability of the extreme temperature
index of the Yellow River Basin, and the results indicated that there has been a warming trend over the
past 50 years. Variability in the temperature index was most significant during the winter, and winter
contributed the most to the yearly averaged temperature rise. Pan et al. [10] explored the temperature
variability of the Yellow River Basin over the past 50 years, and found that temperatures in all four
seasons had increased over time. Zhao et al. [11] focused on the spatial–temporal variability in the
precipitation index of the Yellow River Basin over the past 50 years, and concluded that precipitation
decreased over the period considered. Chen et al. [12] studied the precipitation of the Yellow River
Basin across different seasons, and found that on the whole, annual precipitation had decreased (except
in the winter, when precipitation increased). They argued that future precipitation trends would be
the opposite of those found in the past. Chang et al. [13] studied the time variability of precipitation
and rainy days in the Yellow River Basin over the past 50 years, and found large-scale negative
trends year-round (except in the winter) for both. Jin et al. [14] discovered in their study that annual
precipitation in the Yellow River Basin had a non-significant declining trend. Chen et al. [15] focused
on the variability of extreme climatic events in the Yellow River Basin over the past 35 years, and found
that the number of extreme low-temperature days had declined, while extreme high-temperature days
had increased. Liu et al. [16] explored the temperature and precipitation variability in the Yellow
River Basin over the past 50 years, and discovered that temperature had significantly increased with a
warmer and wetter trend in the winter. They argued that variability in the maximum and minimum
temperature was clearly asymmetric, and that precipitation in the spring had increased. Yang et al. [17]
investigated the spatial–temporal distribution of extreme precipitation in the Yellow River Basin,
and found that the magnitude of extreme precipitation was subject to evident alterations without
significant trends. The frequency of extreme precipitation had increased significantly year-by-year, but
precipitation itself had declined.
Clearly, there are some disagreements regarding hydrothermal variability in the Yellow River
Basin, and in-depth analysis still needs to be conducted on some of the spatial–temporal details.
Existing studies on the Yellow River Basin have mostly focused on a single meteorological parameter
(precipitation or temperature), so it has been impossible to obtain a comprehensive understanding of
the overall variability in hydrothermal conditions in this region for a given year, or in different seasons.
In particular, research has rarely touched upon the future evolution of the hydrothermal climate. In
this context, studying the spatial–temporal characteristics of hydrothermal climate conditions and
inferring possible future trends of temperature and precipitation in the Yellow River Basin, under
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2.2. Data Sources
The meteorological data in this study were obtained from the China Meteorological Data Sharing
Service System (http://cdc.cma.gov.cn/home.do). All of the data underwent strict quality control
and correction. Data quality control is a prerequisite for index calculations. Data quality control
was performed using the computer program RClimDex Software Version 1.1, which is developed
and maintained by researchers at the Climate Research Branch of the Meteorological Service of
Canada [18,19]. Using the detailed principles described by Wang [20,21], 118 qualified stations with
reliable data for statistical analysis were ultimately selected. A homogeneity test was made with the
RHtest V4 software to identify possible change points or structural changes in the data series. The
only criterion for a meteorological station to be considered was that its recording period has to cover
at least 85% of the total period of 59 years. The 118 stations (Figure 1) were selected after data quality
control and a homogeneity assessment, and the total length of the period of every station selected is
59 years (from 1 January 1957 to 31 December 2015).
The meteorological parameters selected in this study were temperature and precipitation.
According to typical practice [22], a year was divided into four seasons: spring (March–May),
summer (June–August), autumn (September–November), and winter (December–February). Based on
existing meteorological data, we obtained the daytime maximum temperatures, nighttime minimum
temperatures, average temperatures, and total accumulated precipitation for each year and season.
2.3. Study Methods
R/S (Rescaled Range Analysis) is an analytical method that was originally proposed by the
hydrologist Hurst when researchers were analyzing the hydrological data of the Nile [23]. This method
has been extensively applied to forecast a time series of hydrological and meteorological factors. The
R/S analysis can infer the overall trend of future climate change. This overall trend generally manifests
in two forms, the first being that long-term correlation characteristics are assumed to be persistent.
That is, future changes are similar to the past, and have positive trends. On the other hand, long-term
correlation characteristics might be characterized by anti-sustainability. That is, future changes and the
opposite of the past are a countertrend. However, not only should we predict the trend of change and
the duration of each state in the trend, we also need to find out whether there is a turning point in
climate change and further estimate whether this transition indicates climate change.
The Hurst index, based on an R/S analysis and calculation, reveals the correlation between
past and future variability in a time series. The future variability can be predicted based on past
variability. The principle is below [24–31]: all of the data is divided into adjacent subsequences of
length n. Assuming that there is a time series of n samples X1 , · · · , Xn , the mean of n values can be
calculated using the following Equation (1):
ma =

1
n

n

∑ xt

t = 1, 2, · · · , n

(1)

t =1

The cumulative deviations can be calculated using the following Equation (2). Yt are deviations;
m is mean value of n values:
n

Yt =

∑ (Xt − m a )

t = 1, 2, · · · , n

(2)

t =1

The difference between the maximum and minimum of n deviations is called the Range (R), which
can be calculated using the following Equation (3):
Rt = max(Y1 , Y2,··· , Yt ) − min(Y1 , Y2,··· , Yt )

t = 1, 2, · · · , n

(3)
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Finally, we calculate the standard deviation of the n values (S) according to Equation (4):
s
S=

1
n

n

∑ (xt − m )2

t = 1, 2, · · · , n

(4)

t =1

We repeat the above Equation (2) to Equation (4) for all of the data, and we get the R/S value, then
R/S can be calculated using the following Equation (5):
v
u
 
u1
R
=t
S n
A

A

∑

a =1



Ra
Sa


a = 1, 2, · · · , A

(5)

We repeat the above for all of the data; then, n = N/2 (N = 59), and we can get a series of
(n, (R/S)n ). The Hurst index (H) can be calculated using the following Equation (6):

(R/S)n = K(n) H

(6)

However, the Yellow River Basin has very complicated climate conditions, as manifested by the
abrupt variability of climate change at many different scales. When it comes to predicting future
climate change, the R/S analysis method has its limitations [24–30]. A sudden change of climate is a
phenomenon in which the climate changes from a stable state to another stable state. It manifests itself
in the dramatic change in climate from one statistical property to another in time and space. From
the perspective of temperature changes, climate change has cold and warm mutations on various
scales. As for the precipitation time and spatial distribution, there are flooding and droughts; from the
perspective of systemic nature, these are different behaviors.
A lot of research on the prediction of R/S analysis has found that the prediction of future climate
change with the Hurst index is only a trending overall contour prediction. There are two manifestations
of this trend. Positive trends indicate that future changes have a certain self-similarity with the past;
anti-trends indicate that the future will have completely opposite changes to the past. Feng Xinling
designed a Hurst index experiment scheme to resolve these limitations in trend analysis and future
trend forecasting [25–27]. Referring to the achievements of Feng Xinling [25–27], this study proposed
that the Hurst index could be used to strengthen the inference process.
Test 1 is a Hurst index test (20-year Hurst index experiment) from the beginning of the time series
data. The first 20-year sequence, from 1957 to 1976, has a Hurst index recorded as 1957–20; the second
20-year sequence, from 1958–1977, has a Hurst index recorded as 1958–20; the third 20-year sequence,
from 1959–1978, has a Hurst index recorded as 1959–20; and so on until the last 20-year sequence,
from 1996–2015, has a Hurst index recorded as 1996–20. Experiment 1 is a series of Hurst exponential
sequences for a large sample (n > 30) formed by calculating sequence lengths of 20 years and the
data age.
Test 2 is a time-sequential, yearly cumulative Hurst index test (accumulation experiment).
The method involves calculating the first Hurst index for the 20 years from 1957 to 1976 (recorded
as 1957–20), then calculating the second Hurst index from 1957 to 1977 (recorded as 1957–21); then
calculating the third Hurst index from 1957 to 1978 (recorded as 1957–22); and so on, to continuously
calculate a Hurst exponential sequence. The last Hurst index is for the 59 years from 1957 to 2015
(recorded as 1957–59). Experiment 2 is a large sample (n > 30) of the Hurst exponential sequence that
was formed in the beginning of the time series data.
Based on the 20-year Hurst index experiment and accumulation experiment, this study explored
the variability and duration of hydrothermal climate trends and identified abrupt change points. After
comparing the two experiments, it ultimately established that the 20-year Hurst index experiment has
significance and value for identifying abrupt change points in the hydrothermal climate, as well as for
forecasting future variability.
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The Hurst index, based on R/S analysis and calculation, reveals the correlation between past and
future variability in a time series; that is, future variability can be predicted based on past variability.
This method has been extensively applied to forecast the time series of hydrological and meteorological
factors [29]. See the judgment rules below:
The magnitude of a Hurst index value is used to judge the continuity or anti-continuity intensity
of trend components. When 0< H < 0.5, the time series is not continuous, and future variability will
not be consistent with past variability. The closer the H value is to 0, the less continuous it is. When
0.5< H < 1, the time series is continuous, and future variability is consistent with the past. The closer
the H value is to 1, the stronger the continuity. When H = 0.5, the time series is a totally independent
random time series, and future variability is not related to the past (Table 1).
Table 1. Hurst index (H) classification.
Grade

Hurst Index
Range

Continuity
Intensity

Grade

Hurst Index
Range

Discontinuity
Intensity

1
2
3
4
5

0.5 < H ≤ 0.55
0.55 < H ≤ 0.65
0.65 < H ≤ 0.75
0.75 < H ≤ 0.80
0.80 < H < 1

Very weak
Relatively weak
Relatively strong
Strong
Very strong

−1
−2
−3
−4
−5

0.45 ≤ H < 0.5
0.35 ≤ H < 0.45
0.25 ≤ H < 0.35
0.2 ≤ H < 0.25
0 < H < 0.2

Very weak
Relatively weak
Relatively strong
Strong
Very strong

3. Results and Analysis
3.1. Annual and Seasonal Variability of Hydrothermal Climate Conditions
The Mann–Kendall (M–K) non-parametric test method and a linear regression method is usually
used to analyze time series of temperature and precipitation. Based on M–K analysis, the annual
maximum, minimum, and average temperatures, as well as the seasonal maximum, minimum, and
average temperatures in the Yellow River Basin all significantly increased (p < 0.01) during the
1957–2015 period. The Yellow River Basin had the highest and most significant temperature increase
in the winter (Figure 2), and the lowest temperature increase in the summer (Figure 2). The minimum
temperature, regardless of the year or season, always increased at a faster rate than the maximum
temperature. To be specific, the increase in the annual minimum temperature was 1.4 times that of the
annual maximum temperature. In the spring and autumn, the same value was 1.2 times greater, in the
summer it was double, and in the winter, it was 1.5 times greater. The IPCC2007 showed that global
surface temperatures have been rising faster during the nighttime than during the daytime [32–35].
The Yellow River Basin has experienced a diurnal warming trend that is consistent with global diurnal
warming; the diurnal warming scenario is asymmetric.
The Yellow River Basin has received an average annual precipitation of 478.5 mm from 1957 to
2015, and this has been declining at a rate of 4.4 mm every 10 years (4.4 mm/10a). Among the four
seasons, only the winter has witnessed an increasing precipitation trend, and it was non-significant
(p > 0.05) at 0.47 mm every 10 years (0.47 mm/10a) (Figure 2). The total precipitation in the spring,
summer, and autumn all declined, and they were non-significant (p > 0.05).
The Pettitt method is used to test abrupt variation points. Annual and seasonal temperatures
had a highly significant increasing trend (Table 2). The average annual temperature of the Yellow
River Basin experienced an abrupt change in 1985, which was close to the time of an abrupt change in
China’s average annual temperature (1987) [36,37]. The abrupt temperature changes in the spring and
summer of 1995 and 1992 occurred later than the average annual change (Table 2). The abrupt changes
in autumn and winter in 1985 occurred closer to the average annual change (Table 2). On the other
hand, annual precipitation variability was non-significant (p > 0.05), with no abrupt changes (Table 2).
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Figure 2. Annual and seasonal variability of hydrothermal climate variables in the Yellow River Basin from 1957 to 2015. These indices are obtained averaging each
field over the Yellow River Basin. (a) Annual variability; (b) variability in the spring; (c) variability in the summer; (d) variability in the autumn; and (e) variability
field over the Yellow River Basin. (a) Annual variability; (b) variability in the spring; (c) variability in the summer; (d) variability in the autumn; and (e) variability in
in the winter.
the winter.
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Table 2. Hydrothermal variability and abrupt changes in the Yellow River Basin from 1957 to 2015.
M–K: Mann–Kendall.
Season

Method

Maximum
Temperature (◦ C)

Minimum
Temperature (◦ C)

Average
Temperature (◦ C)

Precipitation
(mm)

Year

M–K
Pettitt

0.26
1992

0.36
1985

0.28
1985

−4.40
1985

Spring

M–K
Pettitt

0.28
1995

0.33
1995

0.29
1995

−0.65
2008

Summer

M–K
Pettitt

0.12
1995

0.25
1992

0.14
1992

−0.49
1996

Autumn

M–K
Pettitt

0.26
1985

0.32
1992

0.26
1985

−0.45
1985

Winter

M–K
Pettitt

0.32
1992

0.49
1985

0.39
1985

0.47
1984

3.2. Possible Future Changes of Hydrothermal Climate Conditions
This study has inferred possible future trends (accelerating or slowing down) according to current
trends by making the very restrictive assumption that future changes are likely to be similar to past
changes. It is to be expected that future variability will produce a change in the mean climate that is
similar to that already observed in the near past, with respect to the earlier reference climate.
The Hurst indices for the annual maximum, minimum, and average temperatures in the Yellow
River Basin were greater than 0.5 for both the 20-year Hurst index experiment (Figure 3a) and the
accumulation experiment over the period 1957–2015 (Figure 3b). This suggests that the temperature
will continue an increasing trend in the long term, because the past and future trends were similar.
The majority (82.5%) of the Hurst indices for the annual minimum temperature in both experiments
fell within the range of Grade 5 (Table 1). This suggests that the future annual temperature trends will
be correlated with the past trends. The Hurst indices for the annual maximum, minimum, and average
temperatures in the 20-year Hurst index experiment and accumulation experiment all declined prior
to the 1970s, suggesting that the temperature increase slowed down to some extent. After the 1970s,
an increasing trend was observed (Figure 3a). The Hurst indices for the annual temperatures in the
20-year Hurst index experiment declined in the 1990s, suggesting that the temperature increase trend
slowed down to some extent (Figure 3a).
The Hurst index values for both the maximum and minimum spring temperature in the 20-year
Hurst index experiment were less than 0.5 in some cases, suggesting that both had abrupt change
points in the period between the 1980s and the 1990s (Figure 3a), which is consistent with the results
obtained by the Pettitt method. Most of the Hurst index values for the spring maximum, average,
and minimum temperatures were greater than 0.5 in the 20-year accumulation experiment. Future
temperature trends in the spring maintained a correlation with their past trends, and thus will continue
to increase.
The Hurst index values for the minimum summer temperature in the 20-year Hurst index
experiment were less than 0.5 in some cases, and according to Figure 3, there were abrupt change
points in the period between the 1980s and the 1990s. Most of the Hurst index values for the
summer maximum, average, and minimum temperatures in the 20-year Hurst index experiment
and accumulation experiment were greater than 0.5, suggesting that there was consistency between
the future and past trends, and thus they will have an increasing trend. However, in the 20-year Hurst
index experiment, Hurst index values declined in the 1990s, suggesting that the temperature increase
has slowed to some extent.
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The Hurst index values for the autumn minimum and average temperatures in the 20-year Hurst
index experiment were less than 0.5 in some cases. According to Figure 3a, there were abrupt change
points in the period between the 1980s and the 1990s, which was consistent with the results obtained
by the Pettitt method. The Hurst index values for the autumn maximum, minimum, and average
temperature in the two tests were all above 0.5, suggesting that there was consistency between the
future and past trends, and they will thus continue to show an increasing trend.
The Hurst index values for the winter maximum, minimum, and average temperature in the
20-year Hurst index experiment and accumulation experiment (Figure 3a) were all greater than 0.5,
suggesting that there was consistency between the future and past trends, and they will thus continue
to increase.
According to the Hurst index classification (Table 1), 85% of the Hurst index values of temperature
in the winter were higher than Grade 3, suggesting that there was a strong correlation between past and
future temperature trends and that winter temperatures will continue to increase. In the 20-year Hurst
index experiment and accumulation experiment (Figure 3), the Hurst index values for the maximum,
minimum, and average temperatures in all of the seasons were increasing in the 1970s, suggesting that
the increasing temperature trend was accelerating. A decreasing trend of the Hurst index value was
observed in the 1990s, suggesting that the temperature increase slowed down to some extent.
Most of the Hurst index values for the annual and seasonal precipitation were greater than 0.5
(Figure 3a) in both the 20-year Hurst index and accumulation experiments (Figure 3b), suggesting that
the past and future trends were consistent and increasing. The total accumulated precipitation during
one year and in the total spring, summer, and autumn precipitation amounts will likely continue
to decline, while the total winter precipitation will increase. In the 20-year Hurst index experiment,
the Hurst index values for the total accumulated precipitation during one year were less than 0.5 in
some cases, suggesting that there were abrupt change points in the period between the 1980s and
the 1990s, as shown in Figure 3. The Hurst index values for the total spring precipitation indicated
a decreasing trend in both the 20-year Hurst index experiment (Figure 3a) and the accumulation
experiment (Figure 3b). According to Figure 3a, in the 20-year Hurst index experiment, 10 Hurst
index values were less than 0.5, which were consecutive after (1986–20). This suggests that the total
spring precipitation had an increasing trend after 2000, which was consistent with the results obtained
by the Pettitt method. The Hurst index values in both experiments (Figure 3) for the total summer
precipitation declined in the 1990s, suggesting that the future decline would be reduced. According
to the Hurst index classification (Table 1), 85% of the Hurst index values in 20-year Hurst index
experiment (Figure 3a) for the total autumn precipitation were higher than Grade 3, suggesting that
there was a strong correlation between future and past trends. The Hurst value for the total autumn
precipitation decreased in the late 1990s, suggesting that the decline had slowed down to some extent.
According to the Hurst index classification (Table 1), the Hurst index values for the total winter
precipitation were all higher than Grade 3, suggesting that the increasing trend will continue in the
long term.
As indicated by the R/S analysis-based Hurst index experiment, the Hurst indices for the annual
maximum, minimum, and average temperature and precipitation for all of the meteorological stations
in the Yellow River Basin were above 0.5, suggesting that future temperature and precipitation will
maintain current trends. That is, temperature is expected to increase in each season, while precipitation
will decline in each season (except in the winter). In the late stages of 1957–2015, temperature and
precipitation variability both slowed down to varying degrees.
3.3. Spatial Patterns of Hydrothermal Climate Variability
To analyze the spatial variations of temperature and precipitation in the Yellow River Basin,
the annual temperature and annual precipitation in each station were computed. Regarding the
spatial distribution (Figure 4a) of the annual maximum temperature, 100% of the stations showed
an increase from 1957 to 2015, all of which passed the significance test at the 0.1 level. Annual
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Previous studies have found that future temperature increase and precipitation decrease
contribute to a phenomenon of warming and drying, while temperature increase and precipitation
increase lead to a phenomenon of warming and wetting [38]. By employing the M–K trend test and
Hurst index, this study forecasts the development trend of the future climate in the Yellow River
Basin. In the Yellow River Basin, the temperature demonstrates a rising trend, while the
precipitation shows a declining trend (except in the winter). This suggests that a warming and
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Previous studies have found that future temperature increase and precipitation decrease
contribute to a phenomenon of warming and drying, while temperature increase and precipitation
increase lead to a phenomenon of warming and wetting [38]. By employing the M–K trend test
and Hurst index, this study forecasts the development trend of the future climate in the Yellow
River Basin. In the Yellow River Basin, the temperature demonstrates a rising trend, while the
precipitation shows a declining trend (except in the winter). This suggests that a warming and drying
phenomenon will be observed in the basin in the future both on average annually and in the spring,
summer, and autumn, and that a warming and wetting trend will occur in the winter. From a spatial
perspective, the Hurst indices, which are above 0.5 for the annual maximum, minimum, and average
temperature and precipitation for all of the meteorological stations, were alleviated in the midstream
and downstream areas in the Yellow River Basin. The data from Figure 4 shows the decrease and
increase of temperature and precipitation and the spatial differences in the Yellow River Basin. The
characteristics of precipitation are highly spatially diverse due to the influence of complex topography.
The Yellow River Basin spans over 5464 km from west to east, and its climate differences are obvious.
It is difficult for the moisture to reach the study area due to its complex terrain. The Yellow River Basin
is strongly influenced by monsoon. Previous research analysis found that monsoon influences the
spatial variation of extreme precipitation events.
4. Discussion
The Yellow River Basin has seen significant temperature increases and precipitation decreases
between 1957–2015. The warming trend has been most significant since the 1980s, while the decrease
in precipitation was most obvious in the 1990s. This is relatively consistent with the results of
existing studies. For instance, studies by Chen et al. [11] and Yang et al. [16] all indicated that winter
precipitation increased, and its trend was not statistically significant. Winter was the only season
in which precipitation increased, but the precipitation in the winter was very low, and increased
only slightly, so its influence on the total accumulated precipitation in one year was non-significant.
Summer precipitation declined the most. Such changes in the Yellow River Basin are in response to
global climate warming, as a region experiencing relevant climate warming. It also constitutes a major
part of global climate change.
This study infers possible future trends (accelerating or slowing down) according to current
trends, if we make the very restrictive assumption that future changes will be similar to past changes.
Then, it is to be expected that the future trend will produce a change in the mean climate that is similar
to that already observed in the near past, with respect to the earlier reference climate. Therefore, in
the absence of other predictions, the local administrations should assume that the local climate will
undergo a further drift.
Climate warming has aggravated the drying trend in the study area, and led to frequent heat
damage, drought, and other extreme climatic events [39]. Therefore, it is necessary to strengthen the
monitoring, forecasting, and assessment of meteorological disasters to provide better information
services for government agencies and users [40]. In the Yellow River Basin, which is an important
area regarding the response to global climate change, the reallocation of the hydrothermal resources
brought about by climate change will alter light, temperature, precipitation, soil, air, organisms, and
other ecosystem factors through the combined variability of temperature and precipitation. In turn,
it will influence the ecology, environment, agricultural production, and more [8]. Hydrothermal
climate change can allocate thermal resources in the basin to varying extents, prolonging the growing
season and increasing the arable land area. It can also modify the physical, biological, and chemical
reactions of the soil, and thus impact agricultural production and ecological management. For instance,
climate warming accelerates the mineralization rate of soil organic carbon and results in the loss of
soil moisture and nutrients. Intensified soil evaporation further drives soil salts to move upward and
causes soil salinization [41]. More in-depth study is needed to deal with hydrothermal climate change
and create mechanisms for reducing heat damage and drought risks.
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Climate warming and drying are basic characteristics of modern climate change in North China.
The Loess Plateau is the most ecologically and environmentally fragile region in West China, facing
serious water and soil loss [42]. Climate warming and drying also lead to intensified evaporation,
reduced lake area, loss of river function, and other more serious ecological and environmental problems.
In addition, it also accelerates water surface evaporation, reduces precipitation, increases runoff loss,
decreases river runoff, and results in water resource shortages. In this context, it is very important to
introduce adaptive measures to lessen the adverse influence of climate change on water resources.
Variations in the spatial–temporal distribution pattern of hydrothermal climate conditions will
change the spatial–temporal distribution of water resources and nutrient substances [43,44], and
substantially influence cropping systems, pest control, agricultural production potential, agricultural
management, and so forth.
From 1957–2015, rapid industrial development has increased the waste gas, smoke, particles, and
other pollutants emitted by industrial plants and vehicles into the air, and intensified the greenhouse
effect, which further results in temperature rises and precipitation decreases [45]. Hydrothermal
climate change occurs under the combined action of human activities and climate change. This study
analyzes the hydrothermal variability in the Yellow River Basin only from the perspective of the climate,
so future studies should take into account the influence of human activities on the spatial–temporal
characteristics [46].
5. Conclusions
As indicated by the M-K method, the annual maximum, minimum, and average temperatures, as
well as the seasonal maximum, minimum, and average temperatures, have all increased significantly
(p > 0.01) from 1957–2015 in the Yellow River Basin. The annual and seasonal minimum temperatures
always increased at a faster pace than maximum temperatures, which was consistent with a global
diurnal warming scenario. The diurnal warming was asymmetric: the contribution made by the
minimum temperature variability to the average temperature rise exceeded that made by maximum
variability. The maximum, average, and minimum temperatures increased the most in winter and the
least in summer. The total accumulated precipitation during one year and the total spring, summer,
and autumn precipitations all declined, while the total winter precipitation increased. However,
none of these trends was significant (p > 0.05). Winter was the only season in which precipitation
increased, but the increase was very low, so it had a non-significant influence on the total accumulated
precipitation in one year.
If future changes of temperature and precipitation are assumed to be similar to past changes,
then it is to be expected that future variability will produce a change that is similar to that already
observed in the near past with respect to the earlier reference climate. Based on the above assumptions,
according to R/S method-based Hurst index experiments, warmer and wetter trends will be observed
in the winter in the Yellow River Basin according to current trends. However, annually and during
the spring, summer, and autumn, the climate will be warmer and drier. The Hurst indices for the
maximum, minimum, and average annual and seasonal temperatures, along with the Hurst indices for
the annual and seasonal precipitation, all exceeded 0.5 over the period 1957–2015. For both temperature
and precipitation, future variability is expected to remain correlated with past trends; temperature
will continue to rise, while precipitation will continue to decrease (except in the winter). Spatially, the
annual maximum temperature increased significantly at all the meteorological stations distributed in
the Yellow River Basin from 1957 to 2015. The annual minimum temperature has increased significantly
at 93% of the meteorological stations. The average annual temperature increased significantly at 97%
of the meteorological stations. Precipitation decreased at 80% of the meteorological stations, and
increases in precipitation were mainly observed in the midstream and upstream areas.
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