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Abstract—Climate change have a profound impact on the

production and life of the people in the Beijing–Tianjin–Hebei

region. Precipitation and temperature are regarded as two basic

components of climate. This study investigated the spatial and

temporal characteristics of precipitation and temperature over the

region from 1960 to 2013. Different methods were used to analyze

temporal variation and the results are mutually verified. Wavelet

analysis was adopted to analyze the abrupt changes of precipitation

and temperature. Empirical orthogonal function decomposition

method was utilized to analyze the spatial distribution of temper-

ature and precipitation. The study yielded three major findings:

First, the inter-annual decrease and increase of precipitation

appeared alternately in the region. Temperature was rising signif-

icantly in the last 50 years, apart from a slow reduction in the late

1970s. Second, the spatial distribution characteristics of precipita-

tion vary due to the distance from the ocean. The increasing trend

of temperature in Beijing-centered region was more obvious than

that in areas away from the sea. Third, precipitation and tempera-

ture show strong correlations in change. When temperature

increased, the rainfall decreased. What is more, when the temper-

ature mutated, the precipitation also changed rapidly. The results

can guide local agriculture production and provide reference for the

further study of climate change.

Keywords: Beijing–Tianjin–Hebei region, Temperature, Pre-

cipitation, Temporal and spatial distribution.

1. Introduction

Temperature and precipitation are two basics cli-

matic factors. According to the Intergovernmental

Panel on Climate Change (IPCC 2013), the global

mean surface temperature has increased by 0.85 �C
from 1880 to 2012. Recent climate change has led to

increased variability of the hydrological cycle at a

global scale, creating uncertainty regarding predict-

ing future climate conditions and associated impacts

(Kharin et al. 2013; Lee et al. 2013; Zhang et al.

2014). The changes both in extreme temperature and

mean temperature have already affected the physical

and biological systems on all continents (Västilä et al.

2010; Pavlik et al. 2012; Zhou et al. 2014).

Therefore, an increasing number of experts and

scholars began to pay attention to regional tempera-

ture and precipitation changes in recent years. Studies

on precipitation and temperature variability have

used various statistical methods, such as soil and

water assessment tool (Golmohammadi et al. 2017),

Kolmogorov–Smirnov (KS) two-sample test (Loukas

and Quick 1996), Mann–Kendall test (Yang et al.

2017) and EOF analysis (Wang et al. 2013; Zhang

et al. 2014). From a global point of view, seasonal

precipitation trends based on month varied, with the

summer and autumn series showing the largest sig-

nificant increases in the upper Tennessee Valley

(Jones et al. 2015). Further, Mann–Whitney test was

used for probable break point detection in the series

in India. The results indicated decreasing annual and

monsoon rainfall of India in most of the sub-divisions

(Kundu et al. 2015). From the point of view of

research methods, it is necessary to adopt more reli-

able interpolation method and spatial model

according to the research direction of the user when
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analyzing the daily variation of precipitation in a

region (Paola and Giugni 2013; Safavi et al. 2016).

Although a variety of research methods have been put

forward and adopted, few research methods combine

the advantages of different research methods and

prove each other.

As for China, the temperature in the Hexi Corri-

dor area had a significant upward trend in the past

57 years, whereas the increasing trend of precipita-

tion in all the basins is not evident (Meng et al. 2013;

Qian et al. 2016). EOF was used to analyze precipi-

tation data in Shaanxi Province, indicating that there

were six types of precipitation in Shaanxi Province.

The southern part was rainy, but the north was just

opposite (Qiu et al. 2011; Jiang et al. 2016). Analysis

of the results obtained by the EOF method in coastal

areas requires full consideration of the effects of

monsoons and atmospheric pressure. Wet and dry

areas of China had different extreme value of pre-

cipitation. (Ge et al. 2015). Shi et al. (2015)

investigated the spatial and temporal characteristics

of precipitation over the Three-River Headwater

region during 1961–2014. The results indicated that

the mean annual precipitation in region showed a

southeast-to-northwest decreasing trend.

However, almost no research of temperature and

precipitation was studied in Beijing–Tianjin–Hebei

region. Besides, these studies usually adopted one or

two methods and ignored the mutual verification

between different methods. This reduced the relia-

bility of the research to some extent. Qin et al. (2015)

used the Soil Moisture Drought Severity and Stan-

dardized Precipitation Index to evaluate drought

severity in Haihe basin. Results indicated that there

was a significant increasing trend in the drought-af-

fected area, and that the drought in 1999 had the

greatest influence. Therefore, it is important and

necessary to provide guidance for local agricultural

production and reference for studies on global

warming through the study of the temporal and spa-

tial variation of precipitation and temperature in the

region.

This paper used the daily precipitation and tem-

perature data from 25 weather stations in the Beijing–

Tianjin–Hebei region from 1960 to 2013 to achieve

following objectives: (1) to study the tendency of

precipitation and temperature on different scales and

analyze whether there are abrupt changes in precipi-

tation and temperature in the 54 years. If there are,

figure out the time of abrupt change. (2) To analyze

the spatial variation of temperature and precipitation,

(3) to study the relationship between precipitation

and temperature in this area. (4) To enable each

method to prove each other, especially when studying

the trend of precipitation or air temperature.

2. Study Area

Connected by the Eurasian continent and the

Pacific Ocean, Beijing–Tianjin–Hebei region is the

capital region in the northern China including 11

prefecture-level cities (see Fig. 1). Influenced by

warm temperate monsoon climate, the area has four

distinct seasons. The regional difference of precipi-

tation is also obvious. The analysis of climate change

in this region may help local people better address

climate change and improve haze prevention and

control.

3. Data and Methods

3.1. Data

This study used the daily weather and precipita-

tion data of from weather stations in the Beijing–

Tianjin–Hebei region from 1960 to 2013. Because the

data of each station was the point rainfall data, this

study transformed point into surface with the Tyson

polygon method and get the surface rainfall of the

area monitored by each station (see Table 1). Tyson

polygon method is a common method for the

transformation of point to surface rainfall, which is

to connect all adjacent weather stations into a triangle

and connect the intersections of the vertical bisectors

of the three sides of each triangle to obtain a polygon.

Using the rainfall intensity of a unique weather

station contained in this polygon represent the rainfall

intensity in this polygonal region.

It can be seen from the above table that the

average rainfall calculated by the Tyson polygon

method is more accurate. Therefore, we will use the

Tyson polygon method to calculate the annual
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precipitation sequence in the analysis of the inter-

annual variation of rainfall.

3.2. Methods

3.2.1 Methods for Trend Analysis

In this study, linear regression, slip averaging of five-

year, ensemble empirical mode decomposition

(EEMD), cumulative anomaly method and R/S

analysis were used to analyze temporal trends of

precipitation and temperature. All kinds of analytical

methods confirm each other to ensure the accuracy

and reliability of the results.

Unitary linear regression is the simplest and

easiest way to see the analysis of sequence trends.

Slip averaging can reflect the continuity of the data in

the time series, effectively reduce the influence of

data fluctuating and reflect the stage change more

intuitively. Cumulative anomaly method requires

getting the average of the series, then adds the

difference between the series and the mean of the

cumulative series.

EEMD not only retains the information of the

original sequence, but also overcomes the problem of

modal confusion by adding white noise to the original

sequence. EEMD is an improvement on the empirical

mode decomposition (EMD) (Cheng et al. 2011;

Wang et al. 2012). EMD divides the time series into a

series of IMFs. EEMD adds a different white noise

process in original sequence and repeats n times. The

average of the IMF of n times is taken as the final

IMF component.

Figure 1
Location of Beijing–Tianjin–Hebei region and weather stations

Table 1

Comparison of point-to-surface rainfall conversion under Tyson

polygon conditions

Representative

years

Frequency

(%)

Thiessen

polygon

(mm)

Isoline

(mm)

Error in

thiessen

polygon (%)

1990 90 645.84 668.61 3.41

1966 75 553.18 572.47 3.37

1971 50 503.56 520.01 3.16

1993 25 457.18 464.08 1.49

Vol. 177, (2020) Spatio-temporal Analysis of Precipitation and Temperature 3529



The R/S method is proposed by Hurst and other

hydrological workers on the basis of a large number

of empirical studies. It is effective to prove the

continuity of changes and to allow a quantitative

comparison of component intensities.

3.2.2 Methods for Spatial Analysis

EOF was used to analyze the spatial distribution of

rainfall and temperature. EOF method decomposes

the variable field matrix with time as two mutually

orthogonal matrices by means of dimensionality

reduction, which can reflect the original characteris-

tics of the variable field and quickly enrich the large

amount of information of the original variable field

into few comprehensive indexes (Small and Islam

2006). The large amount of information of the

original variable field is condensed into a few

comprehensive indexes to decompose the irregularly

distributed sites, and reduced the impact of time on

space research (Xie et al. 2003).

3.2.3 Methods for Abrupt Change Analysis

The Mann–Kendall test and cumulative anomaly

method were used to explore the abrupt changes of

precipitation and temperature series (Mondal et al.

2014). Then, nonparametric tests were performed on

the data before and after the abrupt change points of

temperature. The Mann–Kendall test has the advan-

tage of not assuming any distribution form for the data

and has similar power to its parametric counterparts. In

the absence of a trend in the series, the graphical

representation of UF(t) and UB(t) will intersect several

times. For this study the confidence interval was taken

as ± 1.96 (p = 0.05). If the intersection is at the

critical horizontal line corresponding to the confidence

level, the point maybe the abrupt point. The research

route of this paper was as follow (see Fig. 2).

4. Results and Discussion

4.1. Temporal Trend of Precipitation

and Temperature

Based on the daily precipitation collected from 25

weather stations from 1960 to 2013, the cumulative

average method was used to analyze the annual

average precipitation and the linear trend line and the

5-year moving average method were adopted to study

the overall trend of the temperature change. In

addition, the R/S method was used to analyze the

persistence of precipitation and temperature change.

The multiple R/S values were averaged to obtain a

series of corresponding log(R/S) and log(r), and the

Hurst exponent was obtained by least-squares method

(see Fig. 3).

From Fig. 3a, we can see that the group of wet

year and dry year occurred alternately. The lowest

point was in 2007, but the highest was in 1996. In

general, the precipitation change can be divided into

four stages: 1960–1979, 1993–1996, corresponding to

the wet season and 1979–1993, 1996–2007, corre-

sponding to dry season. Specifically, the frequency of

change was high. Recently, it showed a downward

trend with slight increase in the internal fluctuations

in 1995–2013.

From Fig. 3b, the temperature was increasing at a

rate of 0.26 �C/10 years from 1960 to 2013, which

were consistent with the current state of global

warming. Five-year moving average trend reflected

that temperature alternately changed from cold to

warm. The temperature showed a downward trend in

the 1960s and began to rise slowly from the 1970s,

and then experienced a slow decline in the 1980s.

Until the late 1980s, there was a period of rapid rise

in the area.

As can be seen from Fig. 3c, Hurst index was

0.5529, indicating the sequence’s characteristics of

continuous change, and showing that the downward

trend of precipitation in the past 50 years will

continue to exist in the next period.

The Hurst coefficient of temperature was 0.919 by

the least square’s method from the above figure. The

Hurst coefficient was close to 1 and value of R2 was

0.95, indicating that the sequence had a strong state

persistence. According to the linear trend line fitting

and the 5-year sliding trend, the temperature of the

region would continue to rise in the future, and the

upward trend in temperature would be very likely to

persist for long periods of time.

This paper used EEMD to verify the trend of

precipitation and temperature. From the
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decomposition model of precipitation (see Fig. 4), the

following information can be seen:

The annual precipitation sequence in the Beijing–

Tianjin–Hebei region can be decomposed into four

IMF components with different fluctuation periods

and a trend component, indicating that the precipita-

tion sequences contained multiple time scales.

Frequency and vibration of IMF1 was the largest

in the four decomposed IMF. The amplitude fluctu-

ated significantly around 1970 and 2000. The

frequency of change was reduced and tended to be

stable in the IMF3 and IMF4.

The trend term represented the trend of the overall

precipitation sequence, and it can be seen that the

sequence increased firstly and then decreased over the

whole-time scale.

This paper used fast Fourier transform to find the

average period of each IMF component. The energy

was mainly concentrated in the small scale of 3 years

from the curve. Similarly, the cycles of the second,

third and fourth largest energy components were

7 years, 18 years and 27 years respectively.

Similarly, to verify the accuracy of the study on

the overall trend, this paper used EEMD method to

analyze annual average temperature. The following

conclusions were obtained by analyzing the intrinsic

modal function and the trend term.

Figure 2
Research route of this paper
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The annual temperature sequence in the Beijing–

Tianjin–Hebei region can be separated into four IMF

components with a different fluctuation period and a

trend component, indicating that the temperature

sequence contained multiple time scales.

Frequency and vibration of IMF1 was the largest.

The IMF1 fluctuated significantly around 1980 and

1990, indicating that the two periods had great

possibility of sudden changes in temperature. IMF2

in the mid-1970s and in the mid-1980s fluctuated

larger, indicating that the temperature change in these

two periods were relatively large. IMF3 and IMF4

changed little and frequency tended to be stable.

This paper used fast Fourier transform to find the

average period of each IMF component. The energy

was mainly concentrated in the small scale of 4 years

from the curve, corresponding the period of 4 years.

Similarly, the cycles of the second, and third and

fourth largest energy component were 8 years,

14 years and 50 years respectively.

As time goes on, the average of the hydrological

sequence may move slowly up or down over a long

period of time. This paper used wavelet to analyze

the trend of temperature change.

The real part of the wavelet coefficient contains

both the time and the scale signal information. The

size of the model represents the strength of the time

scale signal. The larger the value of the module was,

the more obvious the time and scale period were. The

magic square can eliminate the false shock of the real

Figure 3
Temporal trend of precipitation and temperature. a Cumulative departure curve of precipitation, b temporal trend of annual average

temperature, c R/S analysis of precipitation, d R/S analysis of temperature
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Figure 4
IMF of EEMD decomposition for precipitation
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wavelet, making the analysis more accurate. The

contour map was drawn according to the square of

the modulus square of the wavelet (see Fig. 5).

From the time–frequency distribution of Morlet

wavelet transform coefficients, the inter-annual and

inter-decadal characteristics of temperature change

were obvious. The fluctuating energy almost ran

through the entire time domain, and the scale ranged

from 5 to 32 years. It can be divided into two stages

by the end of the 1980s. The shock of first phase was

in 1975 and the shock scale was 27 years. The shock

of second phase was in 2010 and the shock scale was

30 years. The energy intensity in the time domain

was concentrated after 1990, indicating that the

temperature had a significant increase trend on this

scale.

In addition, this paper studied the annual variation

of precipitation by analyzing concentration degree

and concentration period of the precipitation. Con-

centration degree reflects the degree of precipitation

concentration in different research periods during the

study period. Concentration period shows the time

when the maximum precipitation occurs in a year.

Both can well reflect the non-uniform temporal

characteristics of the two in a certain process (see

Fig. 6).

The concentration of precipitation was between

0.54 and 0.80, and the fluctuation became more

intense after 1980s. In periods of 1960–1963,

1973–1978 and 1994–1996, the precipitation concen-

tration was greater than the multi-year average,

indicating that precipitation of these years was

concentrated. On the contrary, precipitation was not

concentrated in 1997–2004 and 2007–2010. From the

inter-annual variability curve of precipitation con-

centration, the concentration period showed a

decreasing trend in the fluctuation. Especially after

1979, most of the precipitation concentrated period

was lower than the multi-year average, showing that

the precipitation concentration appeared earlier every

year.

4.2. Abrupt Change Analysis of Precipitation

and Temperature

Based on the average annual sequence in the

region, the Mann–Kendall (M–K) test method was

used to analyze the abrupt change (see Fig. 7).

The results showed that the Z value of the average

annual precipitation sequence was - 0.5222, indi-

cating that the precipitation in this area showed a

decreasing trend (see Fig. 7a). However, the Z value

corresponding to the confidence level a = 0.05 was

Figure 5
Mode squared distribution of wavelet transforms
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1.96 and the UF value of the sequence was less than

1.96. The downward trend of precipitation was not

obvious.

From 1968 to 1978, it can be seen from the above

figure that the UF curve intersected the UB curve in

several years. The intersection was within 0.05

significant horizontal intervals, so these years may

be the time of the abrupt change. Further analysis

showed that the precipitation began to change

abruptly after 1970s, which was consistent with the

results of EEMD method. In the 2011 and 2012, UF

curves and UB curves were intersected again, and the

intersection was located within the confidence inter-

val. It was expected that the precipitation in the next

few years would change abruptly once again.

As for temperature (see Fig. 7b), the UF value

exceeded the corresponding significance level of

0.05, showing a significant warming trend after the

Figure 6
Concentration of precipitation. a Inter-annual variation curve of precipitation concentration period. b Inter-annual variation curve of

precipitation concentration degree

Figure 7
Result of M–K analysis. a M–K analysis of precipitation, b M–K analysis of temperature
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1990s. UF and UB curves intersecting at two

significant horizontal lines indicated that the temper-

ature started changing abruptly from late 1980s and

increased significantly after the abrupt point.

4.3. Spatial Variability of Precipitation

and Temperature

In this paper, the spatial distribution was analyzed

by EOF. The EOF method can better reflect the

original features of the variable field, and quickly

condensed the large amount of information in the

original variable field into a few comprehensive

indexes.

This paper selected three spatial sequences with

the largest variance contribution after variance. The

variance contribution rate reached 52.38%, 11.76%

and 6.94% respectively. The cumulative contribution

rate was 70.99%, which was highly representative.

The results were as follows:

1. The variance contribution rate of modal 1 is

52.38%, which reflects the main characteristic

form of precipitation change in the region. Con-

sistency of all regions’ symbols reflected the

synchronicity of precipitation changes in the

Beijing–Tianjin–Hebei region from 1960 to

2013. However, the value of eastern coastal areas

was larger than that of western inland area. The

maximum was distributed in Qinhuangdao–Tang-

shan–Tianjin–Cangzhou area, which indicated that

the change of precipitation in eastern coastal areas

was larger than that in western inland.

2. The value of modal 2 was decreasing from

northeast to southwest. The northeast was positive

and the southwest was negative. It was shown that

there were differences between the change direc-

tion of northeast and the southwest.

3. The value of modal 3 was decreasing from the

central region to the southeast and northwest and

from the positive value to the negative value. It

demonstrates that the changes of precipitation in

the southeastern and northwest regions were

occasionally different.

Above analysis indicated that the spatial distribu-

tion of precipitation can be characterized by three

typical characteristics, namely, the coastal-inland

difference type, the northeast-southwest descending

type and the gradually decreasing type from central to

northwest and southeast. The coastal-inland differ-

ence was the main spatial distribution of regional

precipitation, which corresponded to the temperate

monsoon climate in the Beijing–Tianjin–Hebei

region.

Similarly, the size of the eigenvalues reflected the

degree of temperature change. According to the

proportion of eigenvalue contribution rate, this paper

took the first three eigenvectors. The accumulated

contribution rate reached 91.92%, which reflected the

main characteristics of spatial variation in the region

(see Fig. 8).

Figure 8a was the first eigenvector of EOF

decomposition, and its contribution rate was

82.65%. It was the main feature of the spatial

distribution of air temperature. The eigenvalues were

positive and showed consistency overall, indicating

that the change of temperature was generally consis-

tent. Deep color appeared in areas away from the

ocean and areas that centered on Beijing and Tianjin.

It was shown that temperature changed largely in the

two regions, but changes were relatively small in

other areas. The trend increased from the coast to the

inland.

Figure 8b was the second eigenvector of EOF

decomposition and its contribution rate was 6.68%.

There were both positive and negative numbers in the

picture, indicating that the characteristics of variation

in some areas were opposite. This difference reflected

the indication that temperature rose in some northern

and eastern areas when that dropped in some southern

areas.

Figure 8c was the third eigenvector of EOF

decomposition, and its contribution rate was 2.59%.

It is a form of occasional temperature spatial

distribution. This distribution presented a distinct

east–west difference.

4.4. Correlation Between Temperature

and Precipitation

Based on the concept of regression association,

the regression model was established by using annual

precipitation and temperature data (see Fig. 9). Points

in scatter plot were concentrated on both sides of the
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Figure 8
EOF decomposition of temperature. a The first eigenvector of EOF decomposition. b The second eigenvector of EOF decomposition. c The

third eigenvector of EOF decomposition
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one fitting curve and the quadratic fitting curve. The

correlation between temperature and precipitation in

the two fitting methods went through the test with a

significance level of 0.05. Linear fitting worked better

and the difference in significance of one fit was less

than 0.01. Under normal circumstances, when the

temperature rose, the precipitation decreased. At the

same time, when the temperature was lower than

11 �C, the precipitation decreased with the temper-

ature rose. Combined with regional precipitation and

temperature of the long-term inter-annual variation,

in the 1990s of the fastest growing temperatures, the

decline in precipitation was also greater. When a brief

drop of temperature occurred in the 1970s, the

precipitation also changed abruptly in 1968. Corre-

lation between temperature and precipitation in the

practice has been well confirmed.

5. Discussion

5.1. Different Methods for Investigating Temporal

and Spatial Characteristics

This paper analyzed temporal and spatial charac-

teristics of precipitation and temperature over the

Beijing–Tianjin–Hebei region at the same time. The

method used to convert surface rainfall made the

results more accurate and representative. Different

methods were mutual verification in the process of

research, especially in the analysis of trend and

abrupt change. The temporal trend of rainfall was

determined by cumulative anomaly method and

EEMD method: the group of wet years and dry years

occurred alternately, showing a decreasing trend in

general. Hence, more than one abrupt point of

precipitation could be found, which also confirmed

the trend of precipitation. The Hurst index of

precipitation was greater than 0.5, indicating that

the precipitation may show a decreasing trend in the

future. The continuous reduction in precipitation

would result in higher demand for external water

because the region had begun to supply the city from

outside waters. At the same time, it is also extremely

unfavorable for the task of restoration of over-

exploitation of groundwater (Zhan et al. 2013). The

analysis of concentration degree and concentration

period analysis of precipitation helped to verify the

occurrence time of the group of wet year and dry

year, and analyze the time of annual wet season.

The temperature of this region in 54 years showed

a significant upward trend at a rate of 0.26 �C/

10 years. EEMD verified the accuracy of the study on

the overall trend: the temperature rose sharply in the

1980s and 1990s. In addition, the nonparametric test

method was used to verify abrupt change point by M–

K method, showing that there was a significant

difference in temperature before and after abrupt

change. Wavelet analysis not only verified the cycle

of temperature by EEMD, but also confirmed the

variation trend of temperature and the correctness of

the mutation point. The relationship between tem-

perature and precipitation fitted by linear function

was verified by a hypothesis of a significance level of

0.01. There was a very close relationship between

temperature and precipitation in this region. The

increase of temperature was likely to be accompanied

by a reduction of rainfall, and this trend would

continue in the future.

5.2. Cause of Characteristics of Precipitation

and Temperature

As can be seen from the above studies, the

precipitation and temperature in the Beijing–Tianjin–

Hebei region has changed greatly in the past

50 years. The interaction of human activities, atmo-

spheric circulation, the interaction of cold and warm

atmosphere between sea and land were the main

Figure 9
Correlation between precipitation and temperature
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reasons for the change of temperature and precipita-

tion in the region (Mondal et al. 2012). When the

region was controlled by a warm high-pressure

system, it would, to some extent, block the transport

of cold air from the Arctic to the region, which led to

decrease of precipitation (Wang 2017). In addition, as

China’s political and cultural center, large number of

fossils were fueled and forest has been heavily cut

down. Large amounts of greenhouse gases absorbed

the long wave radiation reflected by the earth. The

process of urbanization accelerated and human

increasing activities also led to a sudden increase in

the region’s temperature rise. Through the analysis of

temperature by EOF method, the contribution rate of

the two major cities (Beijing, Tianjin) was much

higher than that in other regions to the temperature’s

rise. Huge electricity consumption and the rising

proportion of the third industry led to an increase of

temperature in Beijing when the temperature dropped

temporarily in other area. Change of the sea level and

the melting of the Arctic glaciers also led to the

significant increase of temperature. The spatial vari-

ation of precipitation showed a decreasing trend from

the southeast coastal areas to the northwest inland

areas. In the wet years (1996, 1979), the water vapor

carried by monsoon from the India ocean supplied the

water vapor. Large water vapor flux transmission

provided excellent conditions for a large number of

precipitations in coastal regions (Wang 2017).

5.3. Effects of the Temporal and Spatial

Characteristic

The increase of temperature and the decrease of

rainfall in the Beijing–Tianjin–Hebei region will

aggravate urban heat island effect. The period of

1996–2007 years was dry, when the annual average

rainfall was significantly lower than the perennial,

which led to a sharp reduction in reservoir water and

rapid decline in groundwater levels. With the advance

of precipitation concentration period, crops can

basically meet the evapotranspiration demand in June

and August of each year. However, due to the

increase of temperature, it is necessary to advance the

time and increase the amount of agricultural irriga-

tion water. Because of the relationship between

rainfall and air temperature in this area, the year of

high temperature may also be a year of water

scarcity. Dry year has a great possibility to be the

year of large water demand. This requires the water

resources management department to seize the

opportunity in the wet year to store water to

supplement water supply in the dry years. Changes

in climatic factors also have a profound impact on air

quality of the region. There was a significant negative

correlation between change of air pollution index and

change of temperature in Beijing, Tianjin and Shiji-

azhuang, which indicated that the temperature had a

significant positive effect on the air quality in the

region.

6. Conclusion

In this paper, the results obtained by different

methods were consistent. Through the analysis of

precipitation and temperature in the Beijing–Tianjin–

Hebei region, following conclusions were

summarized:

1. From 1960 to 2013, precipitation showed a

random downward trend. The annual average

temperature showed a significant increasing trend

at the rate of 0.26 �C/10 years. From the 1980s,

the temperature underwent an abrupt change. In

addition, the sequence of the temperature before

and after the mutation passed through the signif-

icance test. The temperature changes can be

divided to multiple time scales and the results of

R/S analysis demonstrates that the temperature

will continue to rise.

2. The coastal-inland difference was the main spatial

distribution of precipitation in the region. As for

temperature, the increasing trend of temperature in

the Beijing-centered region and the area away

from the sea is more pronounced. In terms of

secondary vector fields, the striking feature is that

the eastern coastal areas and high-altitude regions

may have opposite trends with the temperature

changes in the interior of the south.

3. Precipitation concentration and concentration

period show strong spatial characteristics. The

concentration degree of rainfall in the region was

gradually reduced from the northeast to the
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southwest in the spatial range and the concentra-

tion period became gradually earlier from south to

north.

4. Precipitation and temperature show strong corre-

lations in change. When temperature increased,

the rainfall decreased. What is more, when the

temperature mutated, the precipitation also chan-

ged rapidly.
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