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Abstract
In recent years, global warming has attracted great attention around the world. Temperature change is not only involved in global
climate change but also closely linked to economic development, the ecological environment, and agricultural production. In this
study, based on temperature data recorded by 756 meteorological stations in China during 1951–2013, the spatial and temporal
stability characteristics of annual temperature in China and its first-level basins were investigated using the rank correlation
coefficient method, the relative difference method, rescaled range (R/S) analysis, and wavelet transforms. The results showed that
during 1951–2013, the spatial variation of annual temperature belonged to moderate variability in the national level. Among the
first-level basins, the largest variation coefficient was 114% in the Songhuajiang basin and the smallest variation coefficient was
10% in the Huaihe basin. During 1951–2013, the spatial distribution pattern of annual temperature presented extremely strong
spatial and temporal stability characteristics in the national level. The variation range of Spearman’s rank correlation coefficient
was 0.97–0.99, and the spatial distribution pattern of annual temperature showed an increasing trend. In the national level, the
Liaohe basin, the rivers in the southwestern region, the Haihe basin, the Yellow River basin, the Yangtze River basin, the Huaihe
basin, the rivers in the southeastern region, and the Pearl River basin all had representative meteorological stations for annual
temperature. In the Songhuajiang basin and the rivers in the northwestern region, there was no representative meteorological
station. R/S analysis, the Mann-Kendall test, and the Morlet wavelet analysis of annual temperature showed that the best
representative meteorological station could reflect the variation trend and the main periodic changes of annual temperature in
the region. Therefore, strong temporal stability characteristics exist for annual temperature in China and its first-level basins. It
was therefore feasible to estimate the annual average temperature by the annual temperature recorded by the representative
meteorological station in the region. Moreover, it was of great significance to assess average temperature changes quickly and
forecast future change tendencies in the region.

1 Introduction

Over the last 100 years, the most prominent feature of global
climate change has been the significant rise in temperature.
The fifth Intergovernmental Panel on Climate Change (IPCC)
report pointed out that the average global surface temperature
has risen by about 0.85 °C over the past 130 years. During
1983–2012, the rate of increase in global temperature has
been the highest in the last 1400 years. The rate and extent
of climate warming are becoming drastic as never before

(IPCC 2013). The second National Assessment Report on
Climate Change stated that the average land surface temper-
ature rose by 1.38 °C during 1951–2009 in China. Hence, the
climate variation trend in China is stronger than the average
warming rate all over the world (Compilation Committee of
the Second National Assessment Report on Climate Change
2011). The main reason for rapid global warming is enhance-
ment of the greenhouse effect caused by increasing green-
house gas content (Liu et al. 2005; Peng et al. 2009; Wang
et al. 2011). However, at different regional and temporal
scales, obvious differences exist in the temperature change
trend. The temperature change range in winter is larger than
that in summer (Fang et al. 2010; Yu et al. 2011) and is
related to latitude; the higher the latitude, the faster is the
warming rate (Lu et al. 2006; Song et al. 2012). The spatial
pattern of global temperature change during 1979–2005
quarter-by-quarter shows an obvious rising trend for seasonal
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temperature in some regions, such as Western North America,
Northern Europe, and China in winter and Europe, Eastern
Asia, and Northern Asia in summer. In parts of certain re-
gions, a downtrend appears, for example, in the mid-latitude
region of the Southern Hemisphere and Eastern Canada in
spring (Trenberth et al. 2007). The geographical distribution
and regional characteristics of temperature change in China
during 1951–2010 show that temperatures in all regions of
China are on the rise, but that the warming processes in var-
ious regions are out of sync (Han et al. 2013). In the past
10 years, research on historical climate change in China has
achieved certain successes in alternative evidence collection
and analysis, reconstruction series and change feature analy-
sis, numerical simulation and mechanism diagnosis, and the
effect of climate change on the social economy (Hao et al.
2012; Shi et al. 2012; Yao et al. 2013; PAGES 2013).
However, the observed facts of climate change and the rea-
sons underlying them are a very complex problem. It is still
necessary to carry out further research on many aspects.
Moreover, temperature changes play an important and unique
role in the development of agriculture and social economy
(Lorenzoni et al. 2000; Shi et al. 2009; Moral et al. 2016;
Sun et al. 2017). Many public policies including agriculture,
social economy, and energy at present China are based on the
past data to today’s forecast, and in the new weather condi-
tions, these are not appropriate anymore. So, we must re-
adjust the related policy in order to adapt the external chang-
es, which directly affects the social economy. Therefore, cli-
mate change is a hot topic at the moment (Río et al. 2007;
Savić et al. 2015).

The concept of temporal stability was proposed by Vachaud
et al. in 1985 for the first time, citing the relatively stable spatial
pattern of soil moisture with time. They held that a specific
position could represent the average value in a region over a
period of time (Vachaud et al. 1985). Later, other researchers
verified the phenomenon (Grayson andWestern 1998; Brocca et
al. 2009; Hu et al. 2010; Xu et al. 2016). The concept of tem-
poral stability can greatly reduce the number of samples required
to characterize soil moisture content. It also provides the main
upscaling method to estimate soil moisture and can interpolate
missing data (Vanderlinden et al. 2012). Some researchers have
applied the concept of temporal stability to other soil character-
istics. For example, Douaik (2006) and Castrignanò et al. (1993)
found that soil salinity and soil electric conductivity also had
excellent temporal stability characteristics. Xu et al. (2015)
showed that the conductivity of underground water in the
Luohui irrigation district possessed strong temporal stability
and periodicity. The representative variable of groundwater con-
ductivity can be used to confirm irrigation time in the irrigated
area quickly and accurately. Because the spatial distribution of
temperature data in the historical period is relatively sparse, in a
research study on temperature problems, some researchers apply
data from a station with records to a neighboring region without

records. The year-round change process is indicated by the sea-
sonal temperature; otherwise, the temperature change in the cli-
matic zone is reconstructed by the alternative temperature series
of a single station (Ge et al. 2003; Ge et al. 2006; Wang et al.
2007; Yan et al. 2012). However, at present, there have been few
reports on the temporal stability of temperature. In particular, a
representative meteorological station for temperature confirmed
on the basis of temporal stability has not been reported.
Therefore, the results of this study can provide a reasonable
argument for reconstruction of a temperature series using one
or several stations inside the region, especially to the regional
average temperature.

2 Data sources and methods

2.1 Data sources

In 2002, a hierarchical data set of a first-level basin at a scale
of 1:25 ten thousand in China was obtained from the Earth
System Science Data Sharing Platform-Lake Catchment
Science Data Sharing Platform. Based on the basic geographic
data at 1:25 ten thousand scale in China in 2002, the data for
first-level basins, such as name and codification, were extract-
ed by the data set. The first-level basins in China were divided
into ten: the Songhuajiang basin, the Liaohe basin, the Haihe
basin, the Huaihe basin, the rivers in the southeastern region,
the Yellow River basin, the Yangtze River basin, the Pearl
River basin, the rivers in the northwestern region, and the
rivers in the southwestern region (Fig. 1).

The temperature data were derived from the data set of
annual surface climate data in China and the Chinese meteo-
rological data sharing service system. The data set was the
annual data set of climatic data recorded by 756 basic and
standard ground-based meteorological stations and automatic
stations in China since 1951.

2.2 Analysis method

Spearman’s rank correlation is a correlation analysis method
that can explain the temporal stability of annual average tem-
perature with numerous sampling locations (Vachaud et al.
1985; Xu et al. 2015). Spearman’s nonparametric test has been
widely used to evaluate the temporal persistence of spatial
patterns (Martínez-Fernández and Ceballos 2005).
Spearman’s rank correlation coefficient (rs) was calculated
as follows (Vachaud et al. 1985):

rs ¼ 1−
6 ∑

n

i¼1
Rij−Rik
� �2

n n2−1ð Þ ð1Þ

where Rij is the rank of temperature measured at location i at
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time j, Rik is the rank of temperature measured at the same
location i at time k, and n is the total number of meteorological
stations. The value of rs ranges from − 1 to 1; the closer the rs
value to 1, the stronger the temporal stability of the average
annual temperature spatial pattern, and the closer the rs value
to 0, the weaker the temporal stability (Douaik 2006).

The relative difference δij at location i (i = 1,…, n) at time j
(j = 1951,…, 2013) was introduced to assess temporal stabil-
ity, and δij was expressed as

δij ¼ Pij−Pj

P j

ð2Þ

The mean relative difference (MRD) and the standard de-
viation of relative difference (SDRD) for each location were
used to determine the representative location of the mean tem-
perature and the most temporally stable location. Locations
with MRD near zero and low SDRD were usually selected
as representative locations to evaluate the annual average tem-
perature of the region, and the value of MRD can be regarded
as close to 0 and ± 0.05 (Gao and Shao 2012). The t-test was
used to test whether the difference between the annual tem-
perature of the representative location and the regional aver-
age temperature was significant.

The Hurst coefficients can reveal the trend of the time se-
ries of climatic elements (Feng et al. 2009). When 0.5 <H <
1.0, the long-term correlation of the time series is persistent,
indicating that future climate change will be consistent with
past trends, and the closer the H value to 1, the stronger the
persistence. When 0.0 <H < 0.5, the long-term correlation of
the time series is anti-persistent, indicating that the general
trend of climate change in the future is contrary to the past,

and the closer the H value to 0, the stronger the anti-persis-
tence.WhenH is equal to 0.5, the trend is diffusive; that is, the
climate elements are completely independent, and climate
change is random. The Hurst coefficient values were calculat-
ed by rescaled range (R/S) analysis in this study. To analyze
the changes and trends of annual average temperature, the
nonparametric Mann-Kendall trend test was used.

Wavelet analysis is an effective method for analyzing the
multiple-timescale variation of annual temperature. Wavelet
analysis was used here to analyze the multiscale characteris-
tics of the data. The Morlet wavelet transform was used to
analyze the periodicity of annual temperature. The Morlet
wavelet function is defined as (Grossman and Morlet 1984)

g tð Þ ¼ es2π f 0 tj j⋅e− tj j2=2 ð3Þ
where s is an imaginary unit, f0 is the wavelet function center
frequency, and t is time.

3 Results and analysis

3.1 Temporal change characteristics of annual
average temperature in China

Table 1 shows the statistical characteristics of annual average
temperature in China and its first-level basin during 1951–
2013. The average temperature was 11.1 °C in China during
1951–2013. The maximum temperature in China occurred on
a coral island in Hainan in 1998, whereas the minimum oc-
curred in Tianchi, Xinjiang, in 1969. According to the classi-
fication system of Nielsen and Bouma (1985), defining weak

Fig. 1 The first-level basin in
China
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variability as CV ≤ 10%, intermediate variability as 10% <
CV< 100%, and strong variability as CV ≥ 100%, the varia-
tion coefficient of temperature in the national level was 61%,
which belongs to the intermediate variability class. In China,
the lowest average temperatures occurred mainly in the
Songhuajiang basin, the annual average temperature was
2.4 °C, and the variation coefficient was 114%, which is in
the strong variability class. In the Pearl River basin, the annual
average temperature was the highest (21.6 °C), and the varia-
tion coefficient was 13%, which belongs to the intermediate
variability class. In the Yangtze River and Yellow River ba-
sins, the average temperatures were 14.2 and 7.5 °C, respec-
tively, and the maxima appeared in the Jinghe River and in
Yuanmou, respectively. In the two basins, the variation coef-
ficients of annual temperature both belong to the intermediate
variability class. Among the first-level basins, the largest var-
iability coefficient is 114% in the Songhuajiang basin, and the
smallest is 10% in the Huaihe basin, which belongs to the
weak variability class.

3.2 Analysis of spatial and temporal stability
of annual average temperature in China

Spearman’s rank correlation coefficient can confirm the sim-
ilarity of the spatial patterns of annual temperature at the me-
teorological stations of China in different months and strongly
reflects the continuity and similarity of the spatial patterns of
annual temperature over time. Figure 2 shows Spearman’s
rank correlation coefficients of annual temperature at the me-
teorological stations of China during 1951–2013. In China,
Spearman’s rank correlation coefficients of annual tempera-
ture range from 0.97 to 0.99, and at the level of p < 0.01, all rs
values are significantly related and relatively close to 1. This
suggests that the spatial distribution pattern of annual temper-
ature in China presents extremely strong temporal stability

characteristics. However, some variability still exists in the
spatial annual temperature distribution pattern in China. Low
values of rs mainly occurred during 1951–1954, indicating
relatively larger temperature changes and worse temporal sta-
bility in China in the early 1950s. The Mann-Kendall trend
test shows an increasing trend for the spatial distribution pat-
tern of temperature during 1951–2013 in China (p < 0.05).

3.3 Recognition of representative position for annual
average temperature

Figure 3 shows theMRD values of annual temperatures and the
corresponding standard deviations in China and the first-level
basins. The main goal of temporal stability analysis of annual

Table 1 The statistical characteristics of the annual average temperature (°C) in China and its first-level basin during 1951–2013

Region Number of sites The annual average
temperature

Maximum value
(site/year)

Minimum value
(site/year)

CV (%)

The national level 735 11.1 27.9 (Coral Island/1998) − 8.6 (Tianchi/1969) 61

Songhuajiang basin 65 2.4 7.7 (Changchun/2007) − 6.9 (Tuli River/1969) 114

Liaohe basin 40 7.5 12.3 (Dalian/2007) 1.2 (Changbai/1965) 24

Haihe basin 38 10.4 15.5 (Xinxiang/2006) − 5.3 (Wutai Mountain/1956) 35

Huaihe basin 46 14.0 17.2 (Luan/2006) 10.0 (Chengshantou/1969) 10

Yellow River basin 90 7.5 15.8 (Jinghe River/2013) − 5.5 (Mardo/1965) 55

Yangtze River basin 180 14.2 23.2 (Yuanmou/1960) − 7.3 (Toto river/1985) 36

The rivers in the northwestern region 111 6.0 16.3(Turpan/2007) − 6.4 (Bayanbulak/1984) 68

The rivers in the southwestern region 57 10.1 24.8 (Yuanjiang/2012) − 3.4 (Naqu/1963) 72

The rivers in the southeastern region 36 17.7 22.6 (Zhangzhou/2007) 8.1 (Tianmu Mountain/1976) 15

Pearl River basin 72 20.7 27.0 (Sanya/1998) 13.1 (Anshun/1976) 13

CV is the mean value of coefficient of variation for annual average temperature

Fig. 2 Spearman’s rank correlation coefficients of the annual average
temperature of China during 1951–2013
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Fig. 3 Mean relative difference of annual temperature in China and the first-level basins
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temperature is to confirm quantitatively the most representative
position for annual temperature in the region. In the national
level, for the Songhuajiang basin, the Liaohe basin, the Haihe
basin, the Huaihe basin, the rivers in the southeastern region,
the Yellow River basin, the Yangtze River basin, the Pearl
River basin, the rivers in the northwestern region, and the rivers
in the southwestern region, the range of MRD of annual tem-
perature was 3.10, 5.13, 1.12, 1.62, 0.32, 0.70, 2.57, 1.90, 0.55,
3.17, and 2.46 and the range of SDRD was 0.23, 2.31, 0.05,
0.25, 0.02, 0.03, 0.14, 0.06, 0.04, 0.20, and 0.22, respectively.
The ranges of MRD and SDRD reached their maximum in the
Songhuajiang basin and their minimum in the Huaihe basin.
This is identical with the change trends of the variation coeffi-
cient of annual temperature in the basins. The range ofMRD of
annual temperature is related to the basin area on the one hand
and to the relatively small spatial variability of basin terrain and
vegetation on the other.

Using the relative difference method, the representative
meteorological stations in China and its first-level basins were
identified. In other words, for each basin, the meteorological
station with MRD equal or close to 0 and a relatively small
SDRD was selected as the representative station to estimate
the annual average temperature in the whole basin (Bai and
Shao 2011). Under this condition, the average relative differ-
ence deviates by 5% from the mean value. Starks et al. (2006)
claimed that when the SDRD of a sample was lower than 5%,
the point could be considered to be temporally stable. In ac-
cordance with this principle, in the national level, the Liaohe
basin, the rivers in the southwestern region, the Haihe basin,
the Yellow River basin, the Yangtze River basin, the Huaihe
basin, the rivers in the southeastern region, and the Pearl River
basin each contain most representativemeteorological stations
for annual temperature, and their numbers are 19, 2, 1, 2, 1,
10, 19, 14, and 16, respectively. Among the representative
monitoring stations, the meteorological stations with MRD
closest to 0 and smallest SDRD were selected as the best
representative meteorological stations. In the national level,
the Liaohe basin, the rivers in the southwestern region, the
Haihe basin, the Yellow River basin, the Yangtze River basin,
the Huaihe basin, the rivers in the southeastern region, and the
Pearl River basin were all found to have best representative
meteorological stations for annual temperature, which are
Tikanlik, Zhangwu, Gajah, Leting, Haiyuan, Jinggangshan,
Heze, Wuyishan, and Liuzhou. The MRD of annual tempera-
ture was − 0.01, 0.00, − 0.01, 0.03, 0.00, 0.00, 0.00, 0.01, and
0.00, and the SDRD was 0.03, 0.03, 0.02, 0.03, 0.03, 0.01,
0.01, 0.01, and 0.01, respectively. However, there is no repre-
sentative meteorological station for temperature in the
Songhuajiang basin or among the rivers in the northwestern
region. This indicates that the number of representative mete-
orological stations for annual temperature is independent of
the number of regional meteorological stations, but it should
be associated with the location of the meteorological station.

The location of the representative meteorological station for
annual temperature should possess regional average
characteristics.

3.4 Estimation accuracy of the most representative
position

To test the estimation accuracy of the best representative me-
teorological station for annual temperature in China and its
first-level basins, the root-mean-square error (RMSE), mean
absolute error (MAE), and coefficient of determination (R2)
were used (Fig. 4). The coefficient of determination (R2) in
China and its first-level basin ranges from 0.70 to 0.93, and
the fitting equations are all extremely significantly correlated
with each other at the level of p < 0.01. MAE and RMSE vary
in the 0.09–0.31 range and the 0.00–0.41 range, respectively.
The first-level basin with the maximum MAE and RMSE is
the Haihe basin. The t-test shows that the annual temperatures
of representative meteorological stations in China and its first-
level basins have no significant difference from the annual
average temperatures in the region (p > 0.05). This indicates
that it is feasible to estimate the annual average temperature in
a region by the annual temperature of its representative mete-
orological station.

3.5 Change trend analysis of annual average
temperature

Table 2 shows the Hurst coefficient and Mann-Kendall test
results for the national-level and the first-level basins and for
the best representative meteorological stations. There is little
difference between the Hurst coefficients at the best represen-
tative meteorological stations and in their corresponding re-
gions. In the regions and stations, H values are all greater than
0.5. This shows that the overall trend of annual temperature
change in the future will be similar to that in the past; the
closer the H value to 1, the stronger the continuity.

The Mann-Kendall trend test was carried out for the
national-level and the first-level basins and for the best repre-
sentative meteorological stations. The results show that the
annual temperature in Heze, Yangtze River basin, and the best
representative meteorological station in the Jinggangshan
changes significantly (p < 0.05) and shows an extremely sig-
nificant change relative to the other first-level basins and their
best representative meteorological stations (p < 0.01).
According to the significance results for the Hurst coefficient
and the Mann-Kendall trend test, aside from the decreasing
trend in the rivers in the northwestern region, the future annual
temperature shows an increasing trend in the other first-level
basins and their best representative meteorological stations.
From the anomaly variation of annual temperature in the
first-level basins (Fig. 5), it can be concluded that a certain
difference and fluctuation exist in the anomaly of each first-
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level basin year by year, whereas most anomalies fluctuate in
the range of ± 20%. Except for the decreasing trend in the
rivers in the northwestern region, the anomaly variation of
annual temperature shows a rising trend in the rest of the
first-level basins. This is consistent with the analytical results
of the trend test. In the rivers in the southwestern region and its

best representative meteorological station in Gajah, some dif-
ferences exist in the temperature trend change, which are
mainly due to different temperature time series in the rivers
in the southwestern region. Therefore, the best representative
meteorological station can reflect the change trend of annual
temperature in the region.

Table 2 The Hurst coefficient and Mann-Kendall test results and future trends (1951–2013)

Region H R2 Historical trends The temperature
mutation year

Future trends

The national level 0.9847 0.9925 Increasing (extremely significant) 1997 Increasing

Tikanlik 0.9664 0.8917 Increasing (extremely significant) 1989 Increasing

Songhuajiang basin 0.9561 0.8242 Increasing (extremely significant) 1985 Increasing

Liaohe basin 0.9183 0.9189 Increasing (extremely significant) 1981 Increasing

Zhangwu 0.8387 0.8851 Increasing (extremely significant) 1982 Increasing

Haihe basin 0.8878 0.8711 Increasing (extremely significant) 1987 Increasing

Leting 0.9766 0.9287 Increasing (extremely significant) – Increasing

Huaihe basin 0.8255 0.9034 Increasing (extremely significant) 1988 Increasing

Heze 0.6513 0.8554 Increasing (significant) 1990 Increasing

Yellow River basin 0.9717 0.2393 Increasing (extremely significant) 1997 Increasing

Haiyuan 0.9701 0.9545 Increasing (extremely significant) 1993 Increasing

Yangtze River basin 0.9852 0.9941 Increasing (significant) 2000 Increasing

Jinggangshan 0.9861 0.9833 Increasing (significant) 1999 Increasing

The rivers in the northwestern region 0.9321 0.9722 Increasing (extremely significant) 1995 Increasing

The rivers in the southwestern region 0.9441 0.9908 Decreasing (extremely significant) – Decreasing

Gajah 0.8101 0.8802 Increasing (extremely significant) – Increasing

The rivers in the southeastern region 0.8771 0.9233 Increasing (extremely significant) 1994 Increasing

Wuyishan 0.9983 0.9873 Increasing (extremely significant) 1995 Increasing

Pearl River basin 0.7815 0.9144 Increasing (extremely significant) – Increasing

Liuzhou 0.8441 0.9075 Increasing (extremely significant) – Increasing

Fig. 4 Plots of estimates at the
best representative locations
versus measured average annual
temperature for China and its
first-level basins
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3.6 Timescale characteristics of annual average
temperature change

Based on the Morlet wavelet transform, the periodicity of
annual temperature series in the national-level and the first-
level basins and their best representative meteorological sta-
tions was analyzed. With the timescale as abscissa and the
wavelet variance as ordinate, a wavelet variance diagram of
the annual temperature series was obtained (Fig. 6). The
wavelet variance diagram reflects the variation of annual

temperature series with timescale and can confirm the primary
period of the change in the annual temperature series. In the
national-level and the first-level basins, two obvious peaks
exist for all the annual temperature series: 1974–1977 and
1991–1995. Themaximum peak of wavelet variance appeared
during 1991–1995. This shows that the periodicity of annual
temperature was the strongest during this period, which was
the first primary period of change in the annual temperature
series in the national-level and the first-level basins. The min-
imum peak of wavelet variance was during 1974–1977, which

Fig. 5 Anomaly variation of
annual temperature in the first-
level basins
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Fig. 6 Wavelet variance of temperature sequence from 1951 to 2013
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was the second primary period of the change in the annual
temperature series. In the national-level and the first-level ba-
sins, the first and second primary periods of the best represen-
tative meteorological stations were 1989–1993 and 1972–
1975, respectively. There was some difference between the
first and second primary periods and the primary period in
the national-level and the first-level basins, but the difference
was smaller. Therefore, the best representative meteorological
station can well reflect the main periodic change of annual
temperature series in the corresponding region.

4 Discussion

The temperature data were derived from 756 basic and stan-
dard ground-based meteorological stations and automatic sta-
tions, but during the annual temperature analysis in the nation-
al level, several stations far away from the land were not used,
and only 735 meteorological stations were included.
Spearman’s rank correlation analysis showed a relatively large
change in the spatial distribution pattern of annual temperature
in some years in the national level, but the proportion of the
change in temporal stability of annual temperature was less
than 20%. Overall, the spatial distribution pattern of annual
temperature presents extremely strong temporal stability char-
acteristics in the national level. In an effort to recognize rep-
resentative positions in the national-level and the first-level
basins, it was found that a representative position does not
exist in all ten first-level basins; the rivers in the northwestern
region and the Songhuajiang basin had no representative po-
sition. This suggests that the representative meteorological
station is closely associated with spatial position. The more
uniform the spatial distribution of stations, the greater the
probability that a representative meteorological station exists
and the higher the estimation accuracy for the best represen-
tative meteorological station. In the national level and at the
best representative meteorological stations of the Yangtze
River and Pearl River basins, the coefficients of determination
are lower (0.7 < R2 < 0.8). This does not necessarily mean that
the best representative meteorological station cannot represent
the annual temperature in the region (Cosh et al. 2008).
Rather, it is related to the range of variation in annual temper-
ature. If the coefficient of determination is lower but the range
of variation of annual temperature is smaller, it is still accept-
able to represent the accuracy of annual temperature by the
best representative meteorological station in the region.

The Hurst coefficient and the Mann-Kendall trend test
showed that annual temperature change exhibited an increas-
ing trend in China during 1953–2013. This is consistent with
the second National Assessment Report on Climate Change,
Zhou et al. (2013) also indicate that the climate presents a
linear increasing trend in recent 60 years. Among the first-
level basins, except for the decreasing trend in the rivers in

the southwestern region, the annual temperature presents a
rising trend in the rest of the first-level basins. Because
China is a vast territory and affected by terrain and monsoons,
researchers, by much statistical analysis, have found that the
temperature change trends in all the regions are different. The
temperature changes are out of sync in different regions (Tang
and Zhai 2005; Zhang et al. 2006). Against the background of
overall warming, the annual average temperature has shown a
declining trend in Southwestern China (Ren et al. 2005).
There exist differences in the temperature change trend in
the rivers in the southwestern region and at their representative
meteorological station in Gajah. The main reason is that the
temperature time series was obtained during 1953–2013 for
the rivers in the southwestern region, but during 1991–2013 in
Gajah. There is a great difference in the temperature time
series between these two time periods, Song et al. (2014)
showed that different temporal series (scales) had an obvious
influence on the temperature change trend check result; hence,
the trend change is inconsistent. Under the same time series,
the trend test was performed for temperature change in the
rivers in the southwestern region and at Gajah, and the chang-
es were found to be consistent. This indicates that the temper-
ature in Gajah can reflect the trend of annual temperature
change in the region, provided that the consistency of the
two time series is maintained.Wavelet analysis showed a clear
difference between the first and second primary periods in the
national-level and the first-level basins and the primary period
of their representative meteorological stations, but the differ-
encewas smaller. This was also due to the use of different time
series for annual temperature. Given the consistent annual
temperature series in a representative meteorological station
and its corresponding region, such as Zhangwu and Liuzhou,
the first and second primary periods of annual temperature
series are identical with the corresponding first-level basin
and accurately represent the primary period of annual temper-
ature series in the region. Therefore, the best representative
meteorological station can reflect the change trend and main
period of annual temperature in the region, but the annual
temperature series in the representative meteorological station
and its corresponding region is inconsistent. This will cause a
certain difference in the change trend, mutation point, and
primary period of annual temperature between the station
and the region (Song et al. 2014).

Annual temperature is always involved in the study of hy-
drology, sediment, and rainfall, and due to different processing
methods for annual temperature data, there are important dif-
ferences in the analytical results obtained for surface temper-
ature change (Li et al. 2015). The homogeneity problem in the
measured data has not been solved, and this has a certain effect
on analyzing average temperature series in a region (Mamara
et al. 2015). Based on the analysis of the representative mete-
orological station in a basin, the homogeneity problem for
annual temperature data, the interpolation of missing annual
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temperature data, and the data assimilation issue in the hydro-
logical model can be solved. On the basis of the representative
meteorological station, the change in average temperature in
the basin can be assessed quickly, without spending time car-
rying out a statistical analysis of mass data for all stations.
Therefore, recognition of the representative meteorological
station for annual temperature plays an important role in rap-
idly analyzing the average temperature of the basin.

5 Conclusions

The spatial distribution pattern of annual average temperature
change in China and the first-level basins during 1951–2013
was analyzed, and the following conclusions were drawn: (1)
the spatial variation of annual temperature in the
Songhuajiang basin was strong, and in the Huihe basin, this
was weak. In the rest of the first-level basins and in the na-
tional level, the spatial variation of annual temperature was
intermediate, but the extents were different. In China, the spa-
tial distribution pattern of annual temperature showed an in-
creasing trend during 1951–2013 (p < 0.05). (2) In the nation-
al level, the Liaohe basin, the rivers in the southwestern re-
gion, the Haihe basin, the Yellow River basin, the Yangtze
River basin, the Huaihe basin, the rivers in the southeastern
region, and the Pearl River basin all had the best representative
meteorological stations for annual temperature. However, in
the Songhuajiang basin and the rivers in the northwestern
region, there was no representative meteorological station.
And, it was feasible to estimate the annual average tempera-
ture in a region by the annual temperature of the best repre-
sentative meteorological station. (3) The Hurst coefficient, the
Mann-Kendall trend test, and the anomaly analysis suggested
that, except for the inconsistent change trend of future annual
temperature in the rivers in the northwestern region and its
best representative meteorological station in Gajah, the future
annual temperature in the rest of the first-level basins and their
best representative meteorological stations all showed an in-
creasing trend. In the national-level and the first-level basins
and their best representative meteorological stations, two ob-
vious periods were observed; moreover, the best representa-
tive meteorological station could accurately reflect the main
periodic changes in annual temperature series in the corre-
sponding region.
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