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 26 

Abstract 27 

This study aimed to improve understanding of the differences in surface air 28 

temperature data between observations and reanalysis since the beginning of the 20th 29 

century and to address the reanalysis data error. The anomaly correlation, standard 30 

deviation, and linear trend of temperature during 1909–2010 in eastern China was 31 

analyzed based on homogenized observation data from 16 stations and two sets of 32 

20th century monthly mean surface air temperature reanalysis data (20CR and 33 

ERA20C). The results show that the inter-annual and decadal variability were 34 

consistent between reanalysis and observations in eastern China after 1979. The 35 

reanalysis data exhibited a large fluctuation during the 1960s. The average 20CR 36 

temperature was lower than the observations during 1920–1950. The inter-annual and 37 

decadal variability for winter and spring were consistent with the observations. The 38 

correlation and standard deviation ratio between the reanalysis and observations 39 

demonstrated a high consistency of their inter-annual variability and dispersion. The 40 

ERA20C data were generally closer to the observations than the 20CR data for the 41 

period 1979–2010. The linear trends of surface air temperature showed clear warming 42 

in both reanalysis datasets and the observations, but the reanalysis trends were 43 

significantly smaller than the observational trends for annual mean temperature and 44 

most of the seasonal mean temperatures after the 1950s. Overall, ERA20C was 45 

generally closer to the observational temperatures than 20CR during 1909–2010, but 46 

this consistency does not necessarily indicate ERA20C’s suitability for climate change 47 

research because of the systematic bias referenced to the observational data. 48 

Keywords: Observation, Reanalysis, Eastern China, Temperature, 20
th

 Century, 49 

Inter-comparison 50 
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1. Introduction 51 

A series of reanalysis datasets have been developed since the 1990s, such as 52 

NCEP–NCAR (Kalnay et al. 1996), NCEP–DOE (Kanamitsu et al. 2002), CFSR 53 

(Saha et al. 2010), NASA–MERRA (Rienecker et al.2011), ERA-40 (Uppala et al. 54 

2005), ERA-Interim (Dee et al. 2011; Uppala et al. 2008), JRA-25 (Onogi et al. 2007), 55 

and JRA-55 (Kobayashi et al. 2015). However, the earliest reanalysis product began 56 

in 1948 and therefore could not be used in climate change research that focuses on the 57 

early 20th century. However, in recent years, the United States and the European 58 

Union implemented a series of atmospheric reanalysis projects that span the entire 59 

20th century or even earlier. The United States 20CR (Compo et al. 2011) is an 60 

outcome of the 20th Century Reanalysis Project from NOAA, and the European 61 

ERA20C (Poli et al. 2013) is an outcome of the ERA-CLIM project from ECMWF. 62 

As integration products of observation data and model products, the reanalysis data 63 

have advantages in terms of coverage in oceanic, polar, and plateau regions and length 64 

of time series. However, they also have the disadvantages of incorporating the errors 65 

from the numerical prediction model, the assimilation process, and observation 66 

system change factors (Bengtsson et al. 2004; Zhao et al. 2010; Thorne and Vose, 67 

2010; Zhao et al. 2015; Parker, 2016; Lahoz and Schneider,2014;Zhou et al., 2018). 68 

In order to avoid the false trends caused by changes in the observation system and 69 

internal incoordination of data, 20CR assimilates surface observations of synoptic 70 

pressure, monthly sea surface temperature, and sea ice distribution, whereas ERA20C 71 

assimilates observations of surface pressure and surface marine winds only. The 72 
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surface air temperature is not as reliable as air pressure partly because of the 73 

uncertainties associated with the changes in the observational system (Kistler et al. 74 

2001). However, the issue of how to evaluate the potential of reanalysis data over 100 75 

years for climatology and climate change research has not been given sufficient 76 

attention because of the lack of high-quality observation data at the regional scale. 77 

In recent years, many scholars have examined the global and regional scale 78 

changes and evaluate applicability of 20CR and ERA20C. Ferguson and Villarini 79 

(2012) found that the temperature of 20CR in the central region of the United States 80 

was discontinuous from 1940–1950, but the temperature of observation data was 81 

continuous in the same time period. Fan and Liu (2013) indicated the consistency of 82 

climatology in the southern hemisphere between 20CR and the observation data 83 

during 1979–2010 but found significant differences from that of HADSLPv2 during 84 

1897–1920. Poli et al. (2016) indicated that the ERA20C ranging from the north to 85 

south latitudes within 65° was 1 K colder than the ship observation data at night 86 

during 1900–2010. Studies have also focused on China. For example, by comparing 87 

with other reanalysis data, Song and Zhou (2012) evaluated 20CR with respect to East 88 

Asian summer monsoon variability and found a higher consistency with other 89 

reanalysis data but found that it failed to reveal the decadal-scale variation of 90 

weakened East Asia summer monsoon since the late 1970s. Liu and Fan (2014) 91 

compared surface air temperature between 20CR and observation data from 160 92 

stations in China and found that the correlations were generally better for temperature 93 

than for precipitation. Zhou et al (2018) discussed main factors influencing regional 94 
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warming modeling in current reanalysis products. Their results showed that 80% of 95 

the temperature differences between reanalysis and observations could be attributed to 96 

station and model-grid elevation differences. The aforementioned studies pointed out 97 

the uncertainties of 20CR and ERA20C in different regions during different periods. 98 

These may be due to the limited assimilation sources, which produce different results 99 

for different periods and regions (Xu et al. 2001). Therefore, it remains necessary at 100 

present to evaluate the applicability of the long-term temperature characteristics and 101 

linear trends of these two reanalysis datasets in China. 102 

The data inhomogeneity of some observational stations may be caused by the 103 

instrumentation, the different periods of observation records, and station relocations. 104 

These issues have led to uncertainties in the study of warming during the 20th century. 105 

Considering the adjustments for inhomogeneity, there are three main Chinese 106 

temperature observation datasets with long time series. Tang et al. (2005, 2009) used 107 

the mean values of maximum and minimum temperatures, thus avoiding the 108 

discontinuity caused by using different time observation records, to calculate averages 109 

as monthly and annual mean values, but did not account for the inhomogeneity caused 110 

by station relocation. Li et al. (2010) used long time series observation data from 111 

several neighboring countries and homogenous data from the national reference 112 

climate stations and basic meteorological stations to establish annual and seasonal 113 

mean temperature anomaly sequences from 1900, but the inhomogeneities caused by 114 

station relocation were not resolved. Cao et al. (2013) used data from 18 relatively 115 

integrated stations in eastern China and adjusted for the inhomogeneities caused by 116 
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station relocation to establish the annual average temperature anomaly sequence. It 117 

showed that the linear trend of unadjusted surface air temperature was slightly smaller 118 

than that of adjusted surface air temperature about 0.23°C/100a from 1909-2010. It 119 

mean that the inhomogeneous time series appears to underestimate warming trends 120 

during the last 100 years and illustrated the uncertainty of inhomogenization on the 121 

assessed the linear trend at a 100-year scale. This dataset is considered to be the most 122 

suitable and homogenized observation data for use in the temperature change studies 123 

at the 100-year scale in eastern China; however, the urbanization bias from station 124 

observations are exaggerated in the data series because of the homogenization 125 

procedure and the consideration of observations of only a small number of big cities 126 

(Ren et al. 2017). 127 

Because of the uncertainty of reanalysis data in climate change research 128 

especially in estimates of linear trends of climatic variables including surface air 129 

temperature, there is a need to evaluate the reliability of reanalysis data by comparing 130 

with high-quality long-term observational data. Based on the temperature dataset of 131 

Cao et al. (2013), the surface air temperature of two reanalysis datasets from 1909 to 132 

2010 (20CR and ERA20C) were evaluated in the current study. Because there was a 133 

larger positive deviation in the linear trend of long-term observation temperature by 134 

Cao et al. (2013), the results of Tang et al. (2005, 2009) were also used as a reference 135 

for the linear trends. This work is to assess the reliability of the two sets of reanalysis 136 

data in estimating long-term trends of surface air temperature. In addition, this study 137 

was different from the previous works. First, the 20CR and ERA20C data series from 138 
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1909-2010 are much longer than those usually used in previous researches; second, 139 

we used a new homogenized 100+ year surface air temperature data series to evaluate 140 

the applicability of these two reanalysis datasets in the monitoring and detection of 141 

long-term temperature change in China, and in particular focused our attention on to 142 

the long-term trends of temperature. The research findings will provide an indication 143 

of the reliability and applicability of the two long-term reanalysis datasets in eastern 144 

China, which is important for future climate change research.  145 

2. Data and methods 146 

To compare the observation and reanalysis data, it was necessary to first 147 

establish annual and seasonal mean temperature sequences from 20CR and ERA20C 148 

in the location of the observation stations. The difference of annual and seasonal mean 149 

surface air temperature anomalies between reanalysis data (referred to as REA) and 150 

homogenized observation data (referred to as ADJ), and the standard deviations, 151 

correlations and linear trends of the annual and seasonal mean surface air temperature 152 

of the two reanalysis datasets and ADJ, were then analyzed and compared. In this 153 

study, we focused on objectively assessing the applicability of the surface air 154 

temperature from the two reanalysis datasets for eastern China. The monthly mean 155 

observation data used in this study were produced by the NMIC/CMA in 2013 (Cao et 156 

al. 2013). The data were collected from different sources of long sequence 157 

observations, then merged together and quality controlled, using the standard 158 

sequence method, partial least-squares regression, and the multiple regression method 159 
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for interpolation to provide data from missing stations and periods.. The extended 160 

version of penalized maximal F test (PMFred) algorithm and the penalized maximal T 161 

test (PMTred) algorithm (Wang, 2008) were used as the main test methods. In 162 

addition, two-phase regression (Easterling and Peterson, 1995) and the sliding t-test 163 

homogenization method were applied as the auxiliary inspection method, and 164 

metadata were used to confirm and correct the discontinuities. The number of 165 

observation stations was 4, 12 and 16 before 1900 and in 1909 and 1916, respectively, 166 

so we selected 1909–2010 as the research period for observational temperature. There 167 

were 12 stations available for use before 1916. The 16 stations under 1000 m altitude 168 

in eastern China (Fig. 1) were selected in this study because the length of time of 169 

observational records was unequal. In the linear trends analysis, we also used the 170 

results of Tang et al. (2005, 2009) (henceforth ADJ-T), who used data from a total of 171 

600 and 231 stations in eastern China after and before 1950, respectively.  172 

The monthly mean temperatures of the two reanalysis datasets, 20CR (monthly 173 

mean from 1871 to 2012) and ERA20C (monthly mean from 1900 to 2010) 174 

(collectively referred to as REA), were derived from NOAA and ECMWF, 175 

respectively. The spatial resolution of 20CR is 2.0° × 2.0° and that of ERA20C is 1.5° 176 

× 1.5°. The grid box center locations nearest to the observational stations were 177 

selected for the comparison with observation station data. We also selected 1909–178 

2010 as the research period.  179 

The annual mean temperature was calculated from the observation and 180 

reanalysis data based on 12 monthly mean values. When calculating the mean 181 
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temperature sequences of eastern China, some stations located in close proximity 182 

(such as Beijing and Tianjin, Hong Kong, Macao, and Guangzhou) were averaged 183 

firstly and then an arithmetic average was calculated between the time series and the 184 

other station series. The correlation between ERA20C and ADJ was compared with 185 

the correlation between 20CR and ADJ, and the standard deviations and linear trends 186 

of REA and ADJ were also compared in the manuscript. 187 

The standard deviation ratio (SDR) represents the similarity in standard deviation 188 

between REA and ADJ (The overbars indicate mean value): 189 

 190 
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The correlation coefficient (R) between REA and ADJ represents the degree of 194 

similarity in the annual variability: 195 
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A value of SDR or R close to 1 reflects a close similarity between REA and ADJ. 200 

The significant correlation coefficient of climate trend (S) represents the 201 

quantitative degree of temperature rise and fall under climate change. 202 

 203 
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According to the regression theory, the trend value (a) is calculated as follows: 207 
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 209 

3. Comparison of ADJ and REA 210 

3.1 Comparison of average temperatures  211 

The annual and seasonal mean surface air temperature anomalies over eastern 212 

China from the ADJ and REA datasets (Fig. 2) demonstrate that the reanalysis 213 

datasets can describe the observational temperature characteristics in the inter-annual 214 

variation of the 20th century. The temperature of ERA20C was significantly higher 215 

than that of ADJ from 1965 to 1975. Furthermore, the annual mean temperature of 216 

20CR was 1°C lower than ADJ in 1920–1950, with a large fluctuation in 1963–1968. 217 

The anomaly and variation characteristics for ERA20C were generally closer to ADJ 218 

than those of 20CR. The annual mean anomaly characteristics of REA and ADJ were 219 

also reflected in the seasonal anomalies; REA was 0.5–1°C lower than ADJ in 220 

summer and autumn between 1920 and 1950, and ERA20C was higher than ADJ in 221 

winter before the 1930s and lower than ADJ before 1925 in spring. In addition, the 222 

annual mean temperature of ERA20C was higher than ADJ during 1965–1975, which 223 
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was mainly affected by aestival factors. The fluctuation in 20CR during 1963–1968 224 

was mainly affected by the spring temperature.  225 

In order to focus on short-term interannual variations, linear trends of annual and 226 

seasonal mean surface air temperature in eastern China during 1909–2010 were 227 

removed from the anomalies series for both ADJ and REA datasets (Fig 3). It was 228 

notable that the annual mean temperature of ERA20C was significantly higher than 229 

that of ADJ from 1965 to 1975. This was mainly caused by the higher temperature in 230 

JJA and SON. Furthermore, the annual mean temperature of 20CR had a large 231 

fluctuation in 1963–1968, which was mainly due to the larger inter-annual variability 232 

of temperature in MAM. 20CR was generally higher than that of ADJ from 1955 to 233 

1965 in JJA and SON. Overall, the detrended annual and seasonal mean surface air 234 

temperature anomalies showed that the reanalysis datasets could in a larger extent 235 

describe the observational temperature characteristics in the inter-annual variation of 236 

the 20th century. The correspondence of the reanalysis data series with observations 237 

was better in winter and spring than in summer and autumn.  238 

According to the above results, 20CR and ERA20C had a high consistency with 239 

ADJ especially after 1975 in descripting the annual characteristics. However, there 240 

were great fluctuations in REA during the 1960s and 1970s, with large differences 241 

between 20CR and ADJ before the 1950s. Of the two reanalysis datasets, ERA20C 242 

was generally closer to ADJ. 243 

3.2 Correlation and ratio of standard deviation 244 

The findings presented in Section 3.1 indicated uncertainties associated with 245 
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assessing the applicability of the reanalysis datasets. These uncertainties arise as a 246 

result of the differences between REA and ADJ at different periods. Therefore, in this 247 

section, we compared the similarity of inter-annual variability and standard deviation 248 

between REA and ADJ in different periods. 249 

Table 1 shows the R values and SDR values between annual mean temperature of 250 

ERA20C or 20CR and ADJ for the periods 1909–2010, 1951–2010, and 1979–2010. 251 

The correlation of REA and ADJ in each period was statistically significant, 252 

indicating the similar inter-annual variability to ADJ. The R of ERA20C and ADJ was 253 

higher than that of 20CR and ADJ in all three periods (R values were 0.88 and 0.80 254 

respectively in 1979–2010, 0.76 and 0.74 in 1951–2010, and 0.81 and 0.74 in 1909–255 

2010). This shows that ERA20C was closer to ADJ in terms of inter-annual variability. 256 

The REA and ADJ temperature SDR shows the standard deviations of ERA20C were 257 

less than ADJ during the three periods. The standard deviations ratio (1.28 and 1.07) 258 

of 20CR and ADJ during 1909–2010 and 1951–2010 were higher than those of 259 

ERA20C and ADJ, which indicates that the dispersion of ERA20C was generally 260 

lower than ADJ. The dispersion of 20CR was larger than that of ADJ because of the 261 

low temperatures before 1950.In order to compare the correlation and standard 262 

deviations, a Taylor diagram was used to illustrate the similarity of the annual and 263 

seasonal variability and dispersion derived from REA and ADJ during 1909–2010, 264 

1951–2010, and 1979–2010 (Fig. 4). The results demonstrate that the seasonal 265 

correlation of ADJ and REA was statistically significant at different times (with 266 

respective thresholds of 0.19, 0.36 and 0.41 at the 95% level). The correlation of REA 267 
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and ADJ in most of the winter and spring was higher than in summer and autumn, and 268 

the consistency of REA and ADJ was greatest for the winter inter-annual variability, 269 

with the lowest agreement in summer. The SDR from REA and ADJ showed that the 270 

seasonal standard deviations of ERA20C were lower than ADJ, except for summer 271 

and autumn in 1909–2010 and summer in 1951–2010, with values of 0.8–1.0. The 272 

standard deviation of 20CR was consistently higher than ADJ, except for spring and 273 

autumn in 1979–2010 and 1951–2010. The greatest bias of standard deviation of REA 274 

and ADJ occurred in summer of 1909–2010, indicating poor dispersion of the 275 

reanalysis data in summer during this period. Figure 5 shows the spatial distribution 276 

of the temperature correlation coefficient(R) for 1909–2010, 1951–2010, and 1979–277 

2010 across eastern China derived from REA and ADJ. The R values for all stations 278 

were statistically significant at the 95% level in the three periods except for Nanjing 279 

station of 20CR from 1909–2010 (R of 0.11), indicating the general similarity 280 

between REA and ADJ when describing the annual variability characteristics. The R 281 

values in Nanjing, Changsha, Tianjin, and Hohhot were lower than in other stations 282 

during 1909–2010 and 1951–2010. For example, the R value of 20CR and ADJ from 283 

1909 to 2010 in Nanjing, Changsha, Tianjin, and Hohhot stations was 0.11, 0.24, 0.25, 284 

and 0.35, respectively. During 1951–2010, the Nanjing, Changsha, and Tianjin 285 

stations had R values of 0.36, 0.4, and 0.51 between 20CR and ADJ, respectively, 286 

which were significantly lower than the other stations in the same period.  287 

Fig. 6 shows annual and seasonal mean surface air temperature anomalies 288 

(units: °C) of Nanjing, Changsha, Tianjin, and Hohhot during 1909–2010 derived 289 
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from ADJ and ERA20C and 20CR. the annual mean temperature of REA was lower 290 

than ADJ before 1960 at Changsha, Nanjing and Tianjiin. The temperature of Hohhot 291 

was lower than ADJ before 1940 and higher in 1960-1980. This may be the main 292 

reason for the low correlation between REA and ADJ at the 4 stations and it suggests 293 

that REA may not be suitable for long-term climate change analyses including the 294 

early 20th century data at least at these 4 stations. The 20CR assimilates surface 295 

observations of synoptic pressure, sea surface temperature and sea ice, whereas 296 

ERA20C assimilates observations of surface pressure and surface marine winds only. 297 

The difference may have caused the different temperature between the two reanalysis 298 

datasets, and the different levels of uncertainties of the reanalysis data as compared to 299 

the ADJ. 300 

Comparison of the REA and ADJ standard deviation ratio for the spatial 301 

distribution of annual average temperature (Fig. 7) indicated that the standard 302 

deviations of 20CR were higher than ADJ in North China and East China from 1909 303 

to 2010, including Beijing and Tianjin, with ratios of 1.68 and 1.78, respectively. The 304 

standard deviations of 20CR were also higher than that of ADJ in north China, east 305 

China and south China stations during 1951–2010. The standard deviations in north 306 

stations were higher than those of ADJ during 1979–2010 except for Hailar and 307 

Hohhot, and those in southern China (except for Macao) were smaller than ADJ. The 308 

standard deviations of the annual mean temperature of ERA20C were lower than 309 

those of ADJ in above three periods, especially in the northeast, Inner Mongolia, and 310 

southern coastal stations during 1909–2010 and 1951–2010. The main distribution 311 
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standard deviation was higher than ADJ in northern China during 1979–2010, but 312 

smaller in southern China. 313 

According to the above results, the inter-annual and decadal variability and 314 

dispersion were generally consistent between REA and ADJ in eastern China. The R 315 

values of ADJ with ERA20C were higher than those with 20CR in each time period, 316 

and the standard deviations were lower than ADJ. The standard deviations of 20CR 317 

were higher than the ADJ in 1909–2010 and 1951–2010. A similar result had also 318 

been noted in previous research. Zhou et al 2018 showed that the reanalysis products 319 

underestimated the surface air temperature over most of the regions in China. These 320 

discrepancies were especially pronounced over the Tibetan Plateau and middle China. 321 

In addition, the correlations between the annual surface air temperature anomalies in 322 

the reanalysis products and the observations are reasonably strong. The simulated 323 

time series of temperature anomalies over eastern China are depicted most accurately 324 

by the reanalysis. ERA20C displays better performance than 20CR. In general, 325 

ERA20C was more similar to ADJ than 20CR. The temperature of the 20CR was 326 

lower than observation data before 1950, leading to the low similarity in inter-annual 327 

variability and the high dispersion. The bias between REA and ADJ was mainly 328 

generated in summer and autumn, with minimal deviation in winter. 329 

3.3 Comparison of the linear trend 330 

Table 2 presents the annual and seasonal linear trends of eastern China mean 331 

temperature during 1909–1909, 1951–2010, and 1979–2010 derived from ADJ and 332 

REA. Because of the large positive deviation of ADJ in reflecting the long-term 333 
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temperature trend (Cao et al., 2013; Zhao et al., 2014; Wang et al., 2014; Ren et al., 334 

2017), we also refer to the results of Tang et al. (2005, 2009) (ADJ-T) for comparison 335 

of the linear trend. The average annual trends of REA, ADJ, and ADJ-T at different 336 

periods were statistically significant at the 95% level. The trend for ADJ was 337 

0.15°C/10 years, which was equal to that of ERA20C and less than the trend of 20CR 338 

during 1909–2010, and that of ADJ-T was 0.10°C/10 years, which is less than the 339 

trend of REA. During 1951–2010 and 1979–2010, the trends of REA were lower than 340 

ADJ, and those of ADJ were higher than ADJ-T. In terms of seasonal mean trends of 341 

REA and observations at different periods, ADJ and ADJ-T were statistically 342 

significant at the 95% level in each period. In winter and spring, and most summer 343 

and autumn periods, the trends of ADJ were higher than ADJ-T, and seasonal trends 344 

of REA during 1909–2010, 1951–2010, and 1979–2010 were significant in summer 345 

and autumn. Overall, for most seasons from 1909 to 2010, the trends of 20CR were 346 

greater than the observations, and the trends of ERA20C were larger than those of 347 

ADJ and ADJ-T for summer and autumn. However, during 1951–2010 and 1979–348 

2010, the trends of the observations were greater than REA. 349 

In order to further compare the annual mean trends of REA and ADJ at different 350 

periods, Fig. 8 shows spatial distribution of temperature change of the 16 stations 351 

during 1909–1909, 1951–2010, and 1979–2010. From 1909 to 2010 (Fig. 6 a1–c1), it 352 

can be concluded that the warming trends in northern stations were higher than those 353 

in southern stations. Moreover, temperature of REA in each station showed increasing 354 

trends, and also exceeded a 95% significance threshold. Except for Nanjing and 355 
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Changsha, which showed decreasing trends, annual mean temperature in ADJ 356 

significantly increased at most stations. From 1951 to 2010 (Fig. 6 a2–c2), the 357 

temperatures of REA and ADJ datasets for most stations increased significantly, with 358 

20CR mainly concentrated in the south of Northeast China, ERA20C in the north of 359 

the Yangtze River, and an increasing trend in the ADJ dataset at each station during 360 

1909–2010. North of the Yangtze River, the ERA20C temperature changes were more 361 

similar to those of ADJ, while 20CR and ADJ were closer in the south of the Yangtze 362 

River. From 1979 to 2010 (Fig. 6 a3–c3), the significant increases of 20CR 363 

temperature were mainly distributed in coastal areas, and those for ERA20C were 364 

mainly distributed south of the Yangtze River. The increasing trend of ADJ during the 365 

recent 30 years was higher than that during 1951–2010. It was also obvious that the 366 

trend of REA for 1979-2010 appeared to be smaller than that of ADJ even in north 367 

and northeast China. The linear trends of surface air temperature showed clear 368 

warming in both reanalysis datasets and the observations from 1979 to 2010 over 369 

eastern China (Zhou et al 2018). 370 

4. Conclusions and discussion  371 

Based on homogenized observation data from 16 stations in eastern China and 372 

two 20th century monthly mean surface temperature reanalysis datasets (20CR and 373 

ERA20C), a preliminary comparison of the anomaly difference, correlation, standard 374 

deviation, and linear trend of the temperature data was conducted for the periods 375 

1909–2010, 1951–2010, and 1979–2010. The main findings were as follows: 376 

(1) For ERA20C and 20CR, there was a high consistency with ADJ in annual 377 
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variation characteristics after 1975. There were large fluctuations of REA during 378 

1960–1970. The differences between 20CR and ADJ were large before the 1950s, and 379 

ERA20C was generally closer to ADJ. The annual variation characteristics of REA 380 

had a higher agreement with those of ADJ in winter and spring than in summer and 381 

autumn. 382 

(2) Most of the stations showed a high consistency with ADJ in inter-annual 383 

variability and dispersion, but the consistency at Nanjing, Changsha, Tianjin and 384 

Hohhot stations was relatively low. The R values of ERA20C and ADJ were higher 385 

than those of 20CR and ADJ in different periods, and the standard deviation of 386 

ERA20C was lower than that of ADJ. The standard deviation of 20CR was higher 387 

than that of ADJ during 1909–2010 and 1951–2010. In general, ERA20C was closer 388 

to ADJ than 20CR. The bias between REA and observation was mainly generated in 389 

summer and autumn, with minimal deviation in winter. 390 

(3) The annual mean temperature of REA, ADJ, and ADJ-T increased 391 

significantly in different time periods. The annual mean temperature trends of REA 392 

were higher than those of ADJ and ADJ-T during 1909–2010 and were lower in 393 

1951–2010 and 1979–2010. The linear trends of ADJ were higher than those of 394 

ADJ-T. The temperature trends in most seasons of ADJ and ADJ-T were lower than 395 

those of 20CR during 1909–2010. The trend of ERA20C was larger than that of ADJ 396 

and ADJ-T for summer and autumn, but smaller for winter and spring. The 397 

temperature trends of ADJ and ADJ-T were generally higher than those of REA in 398 

1951–2010 and 1979–2010. In winter and spring, and most periods for autumn and 399 
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summer, ADJ trends were higher than those of ADJ-T. 400 

The results of the linear trends analysis presented here indicate that annual 401 

mean temperature trend of ADJ was higher than previous estimates (Ren et al., 2017). 402 

The annual mean temperature change trend in China was generally between 0.08 and 403 

0.12°C/10 years during 1901–2015 (Wang et al., 1998; Tang et al., 2005, 2009; Li et 404 

al., 2010). Ren et al. (2017) suggested that a higher warming rate may be related to 405 

urbanization bias in single-station sequences and may also be associated with the use 406 

of a low number of stations from cities located in eastern and central China. Since the 407 

middle of the 20th century, the temperature observation records of urban stations and 408 

national meteorological station networks have obtained a significant urbanization bias, 409 

regardless of whether homogenization corrections were applied (Ren et al., 2008, 410 

2015; Zhao et al., 2009; Zhang et al., 2010; Yang et al., 2011; Wang and Ge, 2012; He 411 

et al., 2013). This clearly indicates that although the linear trends of REA data may 412 

have been more correct than those of the observations for the recent decades, they 413 

may have been largely overestimated relative to the real trends based on the 414 

urban-bias adjusted observations for the period 1909–2010. It is premature at present 415 

to use the REA data for estimating the long-term trends of surface air temperature in 416 

regions such as eastern China. 417 

Correction of urbanization bias is important for studies of long-term surface air 418 

temperature changes at individual stations. This paper represents a preliminary 419 

comparison of surface air temperatures between observation and reanalysis data over 420 

eastern China for the last 100 years. In future, urban bias assessment and adjustments 421 
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must be conducted, and both a larger study area and longer observation period are 422 

required to conduct a more detailed comparison and uncertainty study. 423 
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 598 

  599 

Fig. 1 Distribution of the 16 observation stations in eastern China 600 

 601 

 602 

 603 
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 604 

Fig. 2 Annual and seasonal mean surface air temperature anomalies (units: °C)of 605 

eastern China during 1909–2010 derived from observation stations (ADJ) and two 606 

reanalysis datasets (ERA20C and 20CR) (ANN, annual; DJF, winter; MAM, spring; 607 

JJA, summer; SON, autumn) 608 
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 609 

Fig.3 Annual and seasonal mean surface air temperature anomalies (units: °C) which 610 

were removed the trend of eastern China during 1909–2010 derived from observation 611 

stations (ADJ) and two reanalysis datasets (ERA20C and 20CR) (ANN, annual; DJF, 612 

winter; MAM, spring; JJA, summer; SON, autumn) 613 
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  614 

Fig. 4 Taylor diagram of seasonal mean surface air temperature averaged in China 615 

derived by reanalysis datasets (ERA20C and 20CR) and observations (ADJ) based on 616 

the periods 1909–2010, 1951–2010, and 1979–2010 (DJF, winter; MAM, spring; JJA, 617 

summer; SON, autumn) 618 

 619 

 620 
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 621 

Fig. 5 Spatial distribution of temperature correlation(R) for 1909–2010, 1951–2010, 622 

and 1979–2010 over eastern China based on reanalysis datasets (ERA20C and 623 

20CR) and observations (ADJ)  624 

 625 

 626 
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 627 

 Fig. 6 Annual and seasonal mean surface air temperature anomalies (units: °C) of 628 

Nanjing, Changsha, Tianjin, and Hohhot during 1909–2010 derived from ADJ 629 

and ERA20C and 20CR 630 

(a: Changsha (57679)  b: Nanjing (58238)  c: Hohhot (53463) d: Tianjin (54527)) 631 
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 632 

Fig. 7 Spatial distribution of temperature standard deviation ratio(SDR) for the periods 633 

1909–2010, 1951–2010, and 1979–2010 over eastern China based on reanalysis 634 

datasets (ERA20C and 20CR) and observations (ADJ)  635 
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 636 

Fig. 8 Spatial distribution of temperature change trends (units: °C/10 years) for the 637 

periods 1909–2010, 1951–2010, and 1979–2010 over eastern China based on 638 

reanalysis datasets (ERA20C and 20CR) and observations (ADJ). Solid and 639 

empty circles denote that the change is significant or not significant at the 95% 640 

confidence level, respectively 641 

 642 

 643 

 644 

 645 
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Table 1 Annual mean surface air temperature of Standard deviation ratio(SDR) and 646 

correlation coefficient (R) over eastern China derived from observation stations and 647 

two reanalysis datasets (ERA20C and 20CR) during the periods 1909–2010, 1951–648 

2010, and 1979–2010 (respective thresholds of 0.19, 0.36, and 0.41 at the 95% level) 649 

Period 
ERA20C 20CR 

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 

 650 

 651 

 652 

 653 

 654 

 655 

 656 

 657 

 658 

 659 

 660 

 661 

 662 

 663 

 664 
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Table 2 Trend of temperature change for the reanalysis and observation datasets (* 665 

indicates that the change was significant at the 95% level; unit: °C/10 years) 666 

Period       ERA20C 20CR ADJ ADJ-T 

1909–2010 

Annual 0.15
*
 0.20

*
 0.15

*
 0.10

*
 

Winter 0.14
*
 0.26

*
 0.25

*
 0.17

*
 

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

*
 

1951–2010 

Annual 0.20
*
 0.24

*
 0.29

*
 0.23

*
 

Winter 0.27
*
 0.36

*
 0.43

*
 0.36

*
 

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

*
 

1979–2010 

Annual 0.26
*
 0.25

*
 0.49

*
 0.44

*
 

Winter 0.17 0.25
*
 0.53

*
 0.41

*
 

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

*
 

 667 
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