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Abstract

This study aimed to improve understanding of the differences in surface air
temperature data between observations and reanalysis since the beginning of the 20th
century and to address the reanalysis data error. The anomaly correlation, standard
deviation, and linear trend of temperature during 1909-2010 in eastern China was
analyzed based on homogenized observation data from 16 stations and two sets of
20th century monthly mean surface air temperature reanalysis data (20CR and
ERA20C). The results show that the inter-annual and decadal variability were
consistent between reanalysis and observations in eastern China after 1979. The
reanalysis data exhibited a large fluctuation during the 1960s. The average 20CR
temperature was lower than the observations during 1920-1950. The inter-annual and
decadal variability for winter and spring were consistent with the observations. The
correlation and standard deviation ratio between the reanalysis and observations
demonstrated a high consistency of their inter-annual variability and dispersion. The
ERA20C data were generally closer to the observations than the 20CR data for the
period 1979-2010. The linear trends of surface air temperature showed clear warming
in both reanalysis datasets and the observations, but the reanalysis trends were
significantly smaller than the observational trends for annual mean temperature and
most of the seasonal mean temperatures after the 1950s. Overall, ERA20C was
generally closer to the observational temperatures than 20CR during 19092010, but
this consistency does not necessarily indicate ERA20C’s suitability for climate change

research because of the systematic bias referenced to the observational data.

Keywords: Observation, Reanalysis, Eastern China, Temperature, 20" Century,

Inter-comparison
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1. Introduction

A series of reanalysis datasets have been developed since the 1990s, such as
NCEP-NCAR (Kalnay et al. 1996), NCEP-DOE (Kanamitsu et al. 2002), CFSR
(Saha et al. 2010), NASA-MERRA (Rienecker et al.2011), ERA-40 (Uppala et al.
2005), ERA-Interim (Dee et al. 2011; Uppala et al. 2008), JRA-25 (Onogi et al. 2007),
and JRA-55 (Kobayashi et al. 2015). However, the earliest reanalysis product began
in 1948 and therefore could not be used in climate change research that focuses on the
early 20th century. However, in recent years, the United States and the European
Union implemented a series of atmospheric reanalysis projects that span the entire
20th century or even earlier. The United States 20CR (Compo et al. 2011) is an
outcome of the 20th Century Reanalysis Project from NOAA, and the European
ERA20C (Poli et al. 2013) is an outcome of the ERA-CLIM project from ECMWF.
As integration products of observation data and model products, the reanalysis data
have advantages in terms of coverage in oceanic, polar, and plateau regions and length
of time series. However, they also have the disadvantages of incorporating the errors
from the numerical prediction model, the assimilation process, and observation
system change factors (Bengtsson et al. 2004; Zhao et al. 2010; Thorne and Vose,
2010; Zhao et al. 2015; Parker, 2016; Lahoz and Schneider,2014;Zhou et al., 2018).
In order to avoid the false trends caused by changes in the observation system and
internal incoordination of data, 20CR assimilates surface observations of synoptic
pressure, monthly sea surface temperature, and sea ice distribution, whereas ERA20C

assimilates observations of surface pressure and surface marine winds only. The
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surface air temperature is not as reliable as air pressure partly because of the
uncertainties associated with the changes in the observational system (Kistler et al.
2001). However, the issue of how to evaluate the potential of reanalysis data over 100
years for climatology and climate change research has not been given sufficient
attention because of the lack of high-quality observation data at the regional scale.

In recent years, many scholars have examined the global and regional scale
changes and evaluate applicability of 20CR and ERA20C. Ferguson and Villarini
(2012) found that the temperature of 20CR in the central region of the United States
was discontinuous from 1940-1950, but the temperature of observation data was
continuous in the same time period. Fan and Liu (2013) indicated the consistency of
climatology in the southern hemisphere between 20CR and the observation data
during 1979-2010 but found significant differences from that of HADSLPv2 during
1897-1920. Poli et al. (2016) indicated that the ERA20C ranging from the north to
south latitudes within 65°was 1 K colder than the ship observation data at night
during 1900-2010. Studies have also focused on China. For example, by comparing
with other reanalysis data, Song and Zhou (2012) evaluated 20CR with respect to East
Asian summer monsoon variability and found a higher consistency with other
reanalysis data but found that it failed to reveal the decadal-scale variation of
weakened East Asia summer monsoon since the late 1970s. Liu and Fan (2014)
compared surface air temperature between 20CR and observation data from 160
stations in China and found that the correlations were generally better for temperature

than for precipitation. Zhou et al (2018) discussed main factors influencing regional
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warming modeling in current reanalysis products. Their results showed that 80% of
the temperature differences between reanalysis and observations could be attributed to
station and model-grid elevation differences. The aforementioned studies pointed out
the uncertainties of 20CR and ERA20C in different regions during different periods.
These may be due to the limited assimilation sources, which produce different results
for different periods and regions (Xu et al. 2001). Therefore, it remains necessary at
present to evaluate the applicability of the long-term temperature characteristics and
linear trends of these two reanalysis datasets in China.

The data inhomogeneity of some observational stations may be caused by the
instrumentation, the different periods of observation records, and station relocations.
These issues have led to uncertainties in the study of warming during the 20th century.
Considering the adjustments for inhomogeneity, there are three main Chinese
temperature observation datasets with long time series. Tang et al. (2005, 2009) used
the mean values of maximum and minimum temperatures, thus avoiding the
discontinuity caused by using different time observation records, to calculate averages
as monthly and annual mean values, but did not account for the inhomogeneity caused
by station relocation. Li et al. (2010) used long time series observation data from
several neighboring countries and homogenous data from the national reference
climate stations and basic meteorological stations to establish annual and seasonal
mean temperature anomaly sequences from 1900, but the inhomogeneities caused by
station relocation were not resolved. Cao et al. (2013) used data from 18 relatively

integrated stations in eastern China and adjusted for the inhomogeneities caused by
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station relocation to establish the annual average temperature anomaly sequence. It
showed that the linear trend of unadjusted surface air temperature was slightly smaller
than that of adjusted surface air temperature about 0.23<C/100a from 1909-2010. It
mean that the inhomogeneous time series appears to underestimate warming trends
during the last 100 years and illustrated the uncertainty of inhomogenization on the
assessed the linear trend at a 100-year scale. This dataset is considered to be the most
suitable and homogenized observation data for use in the temperature change studies
at the 100-year scale in eastern China; however, the urbanization bias from station
observations are exaggerated in the data series because of the homogenization
procedure and the consideration of observations of only a small number of big cities
(Ren et al. 2017).

Because of the uncertainty of reanalysis data in climate change research
especially in estimates of linear trends of climatic variables including surface air
temperature, there is a need to evaluate the reliability of reanalysis data by comparing
with high-quality long-term observational data. Based on the temperature dataset of
Cao et al. (2013), the surface air temperature of two reanalysis datasets from 1909 to
2010 (20CR and ERA20C) were evaluated in the current study. Because there was a
larger positive deviation in the linear trend of long-term observation temperature by
Cao et al. (2013), the results of Tang et al. (2005, 2009) were also used as a reference
for the linear trends. This work is to assess the reliability of the two sets of reanalysis
data in estimating long-term trends of surface air temperature. In addition, this study

was different from the previous works. First, the 20CR and ERA20C data series from
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1909-2010 are much longer than those usually used in previous researches; second,
we used a new homogenized 100+ year surface air temperature data series to evaluate
the applicability of these two reanalysis datasets in the monitoring and detection of
long-term temperature change in China, and in particular focused our attention on to
the long-term trends of temperature. The research findings will provide an indication
of the reliability and applicability of the two long-term reanalysis datasets in eastern

China, which is important for future climate change research.

2. Data and methods

To compare the observation and reanalysis data, it was necessary to first
establish annual and seasonal mean temperature sequences from 20CR and ERA20C
in the location of the observation stations. The difference of annual and seasonal mean
surface air temperature anomalies between reanalysis data (referred to as REA) and
homogenized observation data (referred to as ADJ), and the standard deviations,
correlations and linear trends of the annual and seasonal mean surface air temperature
of the two reanalysis datasets and ADJ, were then analyzed and compared. In this
study, we focused on objectively assessing the applicability of the surface air
temperature from the two reanalysis datasets for eastern China. The monthly mean
observation data used in this study were produced by the NMIC/CMA in 2013 (Cao et
al. 2013). The data were collected from different sources of long sequence
observations, then merged together and quality controlled, using the standard

sequence method, partial least-squares regression, and the multiple regression method
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for interpolation to provide data from missing stations and periods.. The extended
version of penalized maximal F test (PMFred) algorithm and the penalized maximal T
test (PMTred) algorithm (Wang, 2008) were used as the main test methods. In
addition, two-phase regression (Easterling and Peterson, 1995) and the sliding t-test
homogenization method were applied as the auxiliary inspection method, and
metadata were used to confirm and correct the discontinuities. The number of
observation stations was 4, 12 and 16 before 1900 and in 1909 and 1916, respectively,
so we selected 1909-2010 as the research period for observational temperature. There
were 12 stations available for use before 1916. The 16 stations under 1000 m altitude
in eastern China (Fig. 1) were selected in this study because the length of time of
observational records was unequal. In the linear trends analysis, we also used the
results of Tang et al. (2005, 2009) (henceforth ADJ-T), who used data from a total of
600 and 231 stations in eastern China after and before 1950, respectively.

The monthly mean temperatures of the two reanalysis datasets, 20CR (monthly
mean from 1871 to 2012) and ERA20C (monthly mean from 1900 to 2010)
(collectively referred to as REA), were derived from NOAA and ECMWF,
respectively. The spatial resolution of 20CR is 2.0°x2.0°and that of ERA20C is 1.5°
% 1.5< The grid box center locations nearest to the observational stations were
selected for the comparison with observation station data. We also selected 1909—
2010 as the research period.

The annual mean temperature was calculated from the observation and

reanalysis data based on 12 monthly mean values. When calculating the mean
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temperature sequences of eastern China, some stations located in close proximity
(such as Beijing and Tianjin, Hong Kong, Macao, and Guangzhou) were averaged
firstly and then an arithmetic average was calculated between the time series and the
other station series. The correlation between ERA20C and ADJ was compared with
the correlation between 20CR and ADJ, and the standard deviations and linear trends
of REA and ADJ were also compared in the manuscript.

The standard deviation ratio (SDR) represents the similarity in standard deviation

between REA and ADJ (The overbars indicate mean value):

5

\/1 > (REA, — REA )’
SDR =

(1)

\/1 > (D), - AD])’
n =1

The correlation coefficient (R) between REA and ADJ represents the degree of

similarity in the annual variability:

Z”: (REA, — REA XADJ, — ADJ)
Qe )

\/Z (REA, — REAY? \/Z D], — ADJ )

A value of SDR or R close to 1 reflects a close similarity between REA and ADJ.
The significant correlation coefficient of climate trend (S) represents the

guantitative degree of temperature rise and fall under climate change.
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According to the regression theory, the trend value (a) is calculated as follows:

\/1 > (REA, - REA )?
o =S

55

1< ,. n+l,
\/HZ(J_ 2)

i=1

(4)

3. Comparison of ADJ and REA
3.1 Comparison of average temperatures

The annual and seasonal mean surface air temperature anomalies over eastern
China from the ADJ and REA datasets (Fig. 2) demonstrate that the reanalysis
datasets can describe the observational temperature characteristics in the inter-annual
variation of the 20th century. The temperature of ERA20C was significantly higher
than that of ADJ from 1965 to 1975. Furthermore, the annual mean temperature of
20CR was 1<C lower than ADJ in 1920-1950, with a large fluctuation in 1963-1968.
The anomaly and variation characteristics for ERA20C were generally closer to ADJ
than those of 20CR. The annual mean anomaly characteristics of REA and ADJ were
also reflected in the seasonal anomalies; REA was 0.5-1<C lower than ADJ in
summer and autumn between 1920 and 1950, and ERA20C was higher than ADJ in
winter before the 1930s and lower than ADJ before 1925 in spring. In addition, the

annual mean temperature of ERA20C was higher than ADJ during 1965-1975, which

10
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was mainly affected by aestival factors. The fluctuation in 20CR during 1963-1968
was mainly affected by the spring temperature.

In order to focus on short-term interannual variations, linear trends of annual and
seasonal mean surface air temperature in eastern China during 1909-2010 were
removed from the anomalies series for both ADJ and REA datasets (Fig 3). It was
notable that the annual mean temperature of ERA20C was significantly higher than
that of ADJ from 1965 to 1975. This was mainly caused by the higher temperature in
JJA and SON. Furthermore, the annual mean temperature of 20CR had a large
fluctuation in 1963-1968, which was mainly due to the larger inter-annual variability
of temperature in MAM. 20CR was generally higher than that of ADJ from 1955 to
1965 in JJA and SON. Overall, the detrended annual and seasonal mean surface air
temperature anomalies showed that the reanalysis datasets could in a larger extent
describe the observational temperature characteristics in the inter-annual variation of
the 20th century. The correspondence of the reanalysis data series with observations
was better in winter and spring than in summer and autumn.

According to the above results, 20CR and ERA20C had a high consistency with
ADJ especially after 1975 in descripting the annual characteristics. However, there
were great fluctuations in REA during the 1960s and 1970s, with large differences
between 20CR and ADJ before the 1950s. Of the two reanalysis datasets, ERA20C
was generally closer to ADJ.

3.2 Correlation and ratio of standard deviation
The findings presented in Section 3.1 indicated uncertainties associated with

11
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assessing the applicability of the reanalysis datasets. These uncertainties arise as a
result of the differences between REA and ADJ at different periods. Therefore, in this
section, we compared the similarity of inter-annual variability and standard deviation
between REA and ADJ in different periods.

Table 1 shows the R values and SDR values between annual mean temperature of
ERA20C or 20CR and ADJ for the periods 1909-2010, 1951-2010, and 1979-2010.
The correlation of REA and ADJ in each period was statistically significant,
indicating the similar inter-annual variability to ADJ. The R of ERA20C and ADJ was
higher than that of 20CR and ADJ in all three periods (R values were 0.88 and 0.80
respectively in 1979-2010, 0.76 and 0.74 in 1951-2010, and 0.81 and 0.74 in 1909-
2010). This shows that ERA20C was closer to ADJ in terms of inter-annual variability.
The REA and ADJ temperature SDR shows the standard deviations of ERA20C were
less than ADJ during the three periods. The standard deviations ratio (1.28 and 1.07)
of 20CR and ADJ during 1909-2010 and 1951-2010 were higher than those of
ERA20C and ADJ, which indicates that the dispersion of ERA20C was generally
lower than ADJ. The dispersion of 20CR was larger than that of ADJ because of the
low temperatures before 1950.In order to compare the correlation and standard
deviations, a Taylor diagram was used to illustrate the similarity of the annual and
seasonal variability and dispersion derived from REA and ADJ during 1909-2010,
1951-2010, and 1979-2010 (Fig. 4). The results demonstrate that the seasonal
correlation of ADJ and REA was statistically significant at different times (with
respective thresholds of 0.19, 0.36 and 0.41 at the 95% level). The correlation of REA

12
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and ADJ in most of the winter and spring was higher than in summer and autumn, and
the consistency of REA and ADJ was greatest for the winter inter-annual variability,
with the lowest agreement in summer. The SDR from REA and ADJ showed that the
seasonal standard deviations of ERA20C were lower than ADJ, except for summer
and autumn in 1909-2010 and summer in 1951-2010, with values of 0.8-1.0. The
standard deviation of 20CR was consistently higher than ADJ, except for spring and
autumn in 1979-2010 and 1951-2010. The greatest bias of standard deviation of REA
and ADJ occurred in summer of 1909-2010, indicating poor dispersion of the
reanalysis data in summer during this period. Figure 5 shows the spatial distribution
of the temperature correlation coefficient(R) for 1909-2010, 1951-2010, and 1979-
2010 across eastern China derived from REA and ADJ. The R values for all stations
were statistically significant at the 95% level in the three periods except for Nanjing
station of 20CR from 1909-2010 (R of 0.11), indicating the general similarity
between REA and ADJ when describing the annual variability characteristics. The R
values in Nanjing, Changsha, Tianjin, and Hohhot were lower than in other stations
during 1909-2010 and 1951-2010. For example, the R value of 20CR and ADJ from
1909 to 2010 in Nanjing, Changsha, Tianjin, and Hohhot stations was 0.11, 0.24, 0.25,
and 0.35, respectively. During 1951-2010, the Nanjing, Changsha, and Tianjin
stations had R values of 0.36, 0.4, and 0.51 between 20CR and ADJ, respectively,
which were significantly lower than the other stations in the same period.

Fig. 6 shows annual and seasonal mean surface air temperature anomalies
(units: <C) of Nanjing, Changsha, Tianjin, and Hohhot during 1909-2010 derived
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311

from ADJ and ERA20C and 20CR. the annual mean temperature of REA was lower
than ADJ before 1960 at Changsha, Nanjing and Tianjiin. The temperature of Hohhot
was lower than ADJ before 1940 and higher in 1960-1980. This may be the main
reason for the low correlation between REA and ADJ at the 4 stations and it suggests
that REA may not be suitable for long-term climate change analyses including the
early 20th century data at least at these 4 stations. The 20CR assimilates surface
observations of synoptic pressure, sea surface temperature and sea ice, whereas
ERA20C assimilates observations of surface pressure and surface marine winds only.
The difference may have caused the different temperature between the two reanalysis
datasets, and the different levels of uncertainties of the reanalysis data as compared to
the ADJ.

Comparison of the REA and ADJ standard deviation ratio for the spatial
distribution of annual average temperature (Fig. 7) indicated that the standard
deviations of 20CR were higher than ADJ in North China and East China from 1909
to 2010, including Beijing and Tianjin, with ratios of 1.68 and 1.78, respectively. The
standard deviations of 20CR were also higher than that of ADJ in north China, east
China and south China stations during 1951-2010. The standard deviations in north
stations were higher than those of ADJ during 1979-2010 except for Hailar and
Hohhot, and those in southern China (except for Macao) were smaller than ADJ. The
standard deviations of the annual mean temperature of ERA20C were lower than
those of ADJ in above three periods, especially in the northeast, Inner Mongolia, and
southern coastal stations during 1909-2010 and 1951-2010. The main distribution
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standard deviation was higher than ADJ in northern China during 1979-2010, but
smaller in southern China.

According to the above results, the inter-annual and decadal variability and
dispersion were generally consistent between REA and ADJ in eastern China. The R
values of ADJ with ERA20C were higher than those with 20CR in each time period,
and the standard deviations were lower than ADJ. The standard deviations of 20CR
were higher than the ADJ in 1909-2010 and 1951-2010. A similar result had also
been noted in previous research. Zhou et al 2018 showed that the reanalysis products
underestimated the surface air temperature over most of the regions in China. These
discrepancies were especially pronounced over the Tibetan Plateau and middle China.
In addition, the correlations between the annual surface air temperature anomalies in
the reanalysis products and the observations are reasonably strong. The simulated
time series of temperature anomalies over eastern China are depicted most accurately
by the reanalysis. ERA20C displays better performance than 20CR. In general,
ERA20C was more similar to ADJ than 20CR. The temperature of the 20CR was
lower than observation data before 1950, leading to the low similarity in inter-annual
variability and the high dispersion. The bias between REA and ADJ was mainly
generated in summer and autumn, with minimal deviation in winter.

3.3 Comparison of the linear trend

Table 2 presents the annual and seasonal linear trends of eastern China mean
temperature during 1909-1909, 1951-2010, and 1979-2010 derived from ADJ and
REA. Because of the large positive deviation of ADJ in reflecting the long-term
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temperature trend (Cao et al., 2013; Zhao et al., 2014; Wang et al., 2014; Ren et al.,
2017), we also refer to the results of Tang et al. (2005, 2009) (ADJ-T) for comparison
of the linear trend. The average annual trends of REA, ADJ, and ADJ-T at different
periods were statistically significant at the 95% level. The trend for ADJ was
0.15<C/10 years, which was equal to that of ERA20C and less than the trend of 20CR
during 1909-2010, and that of ADJ-T was 0.10C/10 years, which is less than the
trend of REA. During 1951-2010 and 1979-2010, the trends of REA were lower than
ADJ, and those of ADJ were higher than ADJ-T. In terms of seasonal mean trends of
REA and observations at different periods, ADJ and ADJ-T were statistically
significant at the 95% level in each period. In winter and spring, and most summer
and autumn periods, the trends of ADJ were higher than ADJ-T, and seasonal trends
of REA during 1909-2010, 1951-2010, and 1979-2010 were significant in summer
and autumn. Overall, for most seasons from 1909 to 2010, the trends of 20CR were
greater than the observations, and the trends of ERA20C were larger than those of
ADJ and ADJ-T for summer and autumn. However, during 1951-2010 and 1979—
2010, the trends of the observations were greater than REA.

In order to further compare the annual mean trends of REA and ADJ at different
periods, Fig. 8 shows spatial distribution of temperature change of the 16 stations
during 1909-1909, 19512010, and 1979-2010. From 1909 to 2010 (Fig. 6 al—c1), it
can be concluded that the warming trends in northern stations were higher than those
in southern stations. Moreover, temperature of REA in each station showed increasing
trends, and also exceeded a 95% significance threshold. Except for Nanjing and
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Changsha, which showed decreasing trends, annual mean temperature in ADJ
significantly increased at most stations. From 1951 to 2010 (Fig. 6 a2-c2), the
temperatures of REA and ADJ datasets for most stations increased significantly, with
20CR mainly concentrated in the south of Northeast China, ERA20C in the north of
the Yangtze River, and an increasing trend in the ADJ dataset at each station during
1909-2010. North of the Yangtze River, the ERA20C temperature changes were more
similar to those of ADJ, while 20CR and ADJ were closer in the south of the Yangtze
River. From 1979 to 2010 (Fig. 6 a3-c3), the significant increases of 20CR
temperature were mainly distributed in coastal areas, and those for ERA20C were
mainly distributed south of the Yangtze River. The increasing trend of ADJ during the
recent 30 years was higher than that during 1951-2010. It was also obvious that the
trend of REA for 1979-2010 appeared to be smaller than that of ADJ even in north
and northeast China. The linear trends of surface air temperature showed clear
warming in both reanalysis datasets and the observations from 1979 to 2010 over
eastern China (Zhou et al 2018).
4. Conclusions and discussion

Based on homogenized observation data from 16 stations in eastern China and
two 20th century monthly mean surface temperature reanalysis datasets (20CR and
ERA20C), a preliminary comparison of the anomaly difference, correlation, standard
deviation, and linear trend of the temperature data was conducted for the periods
1909-2010, 1951-2010, and 1979-2010. The main findings were as follows:

(1) For ERA20C and 20CR, there was a high consistency with ADJ in annual
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variation characteristics after 1975. There were large fluctuations of REA during
1960-1970. The differences between 20CR and ADJ were large before the 1950s, and
ERA20C was generally closer to ADJ. The annual variation characteristics of REA
had a higher agreement with those of ADJ in winter and spring than in summer and
autumn.

(2) Most of the stations showed a high consistency with ADJ in inter-annual
variability and dispersion, but the consistency at Nanjing, Changsha, Tianjin and
Hohhot stations was relatively low. The R values of ERA20C and ADJ were higher
than those of 20CR and ADJ in different periods, and the standard deviation of
ERA20C was lower than that of ADJ. The standard deviation of 20CR was higher
than that of ADJ during 1909-2010 and 1951-2010. In general, ERA20C was closer
to ADJ than 20CR. The bias between REA and observation was mainly generated in
summer and autumn, with minimal deviation in winter.

(3) The annual mean temperature of REA, ADJ, and ADJ-T increased
significantly in different time periods. The annual mean temperature trends of REA
were higher than those of ADJ and ADJ-T during 1909-2010 and were lower in
1951-2010 and 1979-2010. The linear trends of ADJ were higher than those of
ADJ-T. The temperature trends in most seasons of ADJ and ADJ-T were lower than
those of 20CR during 1909-2010. The trend of ERA20C was larger than that of ADJ
and ADJ-T for summer and autumn, but smaller for winter and spring. The
temperature trends of ADJ and ADJ-T were generally higher than those of REA in
1951-2010 and 1979-2010. In winter and spring, and most periods for autumn and
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summer, ADJ trends were higher than those of ADJ-T.

The results of the linear trends analysis presented here indicate that annual
mean temperature trend of ADJ was higher than previous estimates (Ren et al., 2017).
The annual mean temperature change trend in China was generally between 0.08 and
0.12<C/10 years during 1901-2015 (Wang et al., 1998; Tang et al., 2005, 2009; Li et
al., 2010). Ren et al. (2017) suggested that a higher warming rate may be related to
urbanization bias in single-station sequences and may also be associated with the use
of a low number of stations from cities located in eastern and central China. Since the
middle of the 20th century, the temperature observation records of urban stations and
national meteorological station networks have obtained a significant urbanization bias,
regardless of whether homogenization corrections were applied (Ren et al., 2008,
2015; Zhao et al., 2009; Zhang et al., 2010; Yang et al., 2011; Wang and Ge, 2012; He
et al., 2013). This clearly indicates that although the linear trends of REA data may
have been more correct than those of the observations for the recent decades, they
may have been largely overestimated relative to the real trends based on the
urban-bias adjusted observations for the period 1909-2010. It is premature at present
to use the REA data for estimating the long-term trends of surface air temperature in
regions such as eastern China.

Correction of urbanization bias is important for studies of long-term surface air
temperature changes at individual stations. This paper represents a preliminary
comparison of surface air temperatures between observation and reanalysis data over
eastern China for the last 100 years. In future, urban bias assessment and adjustments
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must be conducted, and both a larger study area and longer observation period are

required to conduct a more detailed comparison and uncertainty study.
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Fig. 4 Taylor diagram of seasonal mean surface air temperature averaged in China
derived by reanalysis datasets (ERA20C and 20CR) and observations (ADJ) based on
the periods 1909-2010, 1951-2010, and 1979-2010 (DJF, winter; MAM, spring; JJA,

summer; SON, autumn)
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622 Fig. 5 Spatial distribution of temperature correlation(R) for 1909-2010, 19512010,
623 and 1979-2010 over eastern China based on reanalysis datasets (ERA20C and
624 20CR) and observations (ADJ)
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627

628 Fig. 6 Annual and seasonal mean surface air temperature anomalies (units: <C) of
629 Nanjing, Changsha, Tianjin, and Hohhot during 1909-2010 derived from ADJ
630 and ERA20C and 20CR

631 (a: Changsha (57679) b: Nanjing (58238) c: Hohhot (53463) d: Tianjin (54527))
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Fig. 8 Spatial distribution of temperature change trends (units: <C/10 years) for the
periods 1909-2010, 19512010, and 1979-2010 over eastern China based on
reanalysis datasets (ERA20C and 20CR) and observations (ADJ). Solid and

empty circles denote that the change is significant or not significant at the 95%

confidence level, respectively
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Table 1 Annual mean surface air temperature of Standard deviation ratio(SDR) and
correlation coefficient (R) over eastern China derived from observation stations and
two reanalysis datasets (ERA20C and 20CR) during the periods 1909-2010, 1951

2010, and 1979-2010 (respective thresholds of 0.19, 0.36, and 0.41 at the 95% level)

ERA20C 20CR
Period
R SDR R SDR
1909-2010 0.81 0.96 0.74 1.28
1951-2010 0.76 0.87 0.74 1.07
1979-2010 0.88 0.85 0.80 0.88
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666

667

Table 2 Trend of temperature change for the reanalysis and observation datasets (*

indicates that the change was significant at the 95% level; unit: <T/10 years)

Period ERA20C 20CR ADJ ADJ-T

Annual 0.15" 0.20° 0.15" 0.10"

Winter 0.14" 0.26" 0.25" 017"

1909-2010 Spring 0.13" 0.17" 0.20" 0.15"
Summer 0.18 0.15" 0.06" 0.03"

Autumn 0.15" 0.23" 0.11" 0.07"

Annual 0.20" 0.24 0.29° 0.23"

Winter 0.27" 0.36" 0.43" 0.36"

1951-2010 Spring 0.20° 0.21" 0.36" 0.25°
Summer 0.25" 0.19" 0.18" 0.18"

Autumn 0.28" 0.21" 0.22" 0.20"

Annual 0.26" 0.25" 0.49" 0.44"

Winter 0.17 0.25" 0.53" 0.41"

1979-2010 Spring 0.30° 0.08 0.58" 0.53"
Summer 0.35" 0.20° 0.41" 0.36"

Autumn 0.28" 0.38" 0.51" 0.46"
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