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Capsule

This paper assesses the similarities and diffeeenEseveral annual average SAT time series
for China based on historical meteorological obsgowns since the 1900s.



41

42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

64

65
66
67

68

69

Abstract

Time series of global or regional average surfactemperature (SAT) are fundamental
to climate change studies. A number of studies hdeeeloped several national and
regional SAT series for China, but due to the diitgrof meteorological observational sites,
different quality control routines for data and theonsistency of statistical methods used,
they differ in long-term trends. This paper assedbe similarities and differences of the
existing time series of the annual average SATGbma that are based upon historical
meteorological observations since the 1900s. Thelteeindicate that the China average is
similar to the series for the Northern Hemisphe\él) landmass, except that the initial
warming of the NH series derived from the CRUTEMdaatasets ends earlier (before the
early 1940s) than in China's series. A major diffiee among the existing China average
time series is the 1940s warmth, a period wherethware very few observations across the
country due to World War Il. The SAT anomalies @hina during the 1930s-1940s have
been reduced by improved homogeneity assessmermiatechto previous estimates. The
new improved time series is in better agreemenh weibth the historical 20 century
reanalysis data and the historical climate simohatf CMIP5 models. The new time series
also shows the slowdown of the warming trend dutirggpast 18 years (1998-2015). The
best estimate of a linear trend for increasesrimperature with a 95% uncertainty range is
0.121+0.009°C per decade for 1900-2015, indicating that the owpd homogeneity
assessment for China leads to a slightly greatmdtrthan that based on raw data
(0.107+0.009°C per decade).

Keywords: Climate change, China SAT series, Homogeneity, @asens, Reanalysis data
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1. Introduction

Over the past century, global-scale climate warntiag been accelerating, and
climate change is drawing increasing attention fittwe media and the public. Surface
Air Temperature (SAT) is the major subject of cance the context of climate change.
Starting in the second half of the last centuryefal 950), the warming of the climate
has been obvious at the global scale (Brohan et28l06; Hansen et al., 2010;
Lawrimore et al., 2011; Jones et al.,, 2012; Morteal., 2012; Vose et al., 2012a;
Hartmannet al,2013). In the Intergovernmental Panel on Climatar@e(IPCC) Fifth
Assessment Report (AR5) headline statements frarStimmary for Policymakers, it
was noted that many changes in the climate sysiiere 4950 are unprecedented when
compared to earlier decades. From 1880 to 2013)Ithel average sea and land surface
temperature shows an increasing linear trend &°@8From 2003 to 2012, the average
temperature increased by 0.78°C (0.72 ~ 0.85) comdp@ith that from 1850 to 1900
(Hartmanret al, 2013). Further, IPCC AR5 notes that the viagmate has slowed down
recently (1998-2012). This short 15-year period hasen discussed by a number of
authors (Easterbrook200& Easterling and Wehner2009 Kaufmann et al., 2011
Fyfe et al., 2013 Guemas et al., 2013Slingo et al., 2013 Karl et al., 2015
Lewandowsky et al., 2015).

Brohan et al (2006) indicated that temperatureesdrave three types of uncertainty:
station errors, sampling errors and bias errors. Gluna, the observational (station)
errors in the SAT series are relatively small arell wnderstood. Errors caused by the

homogeneity adjustment of temperature series haga bvaluated and discussed (Jones
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et al., 2008; Li et al., 2010a). Sampling error€imna are an issue when the number of
observational sites is reduced (Li et al., 2010anygvet al., 2014); this is especially
relevant before the 1950s and in the 1940s. Biasrsrincluding the impacts of
urbanization (Zhou et al., 2004) and/or land usanges (Zhang et al., 2005) on SAT,
are particularly important issues. Many efforts daleen devoted to improved
understanding of these sources of error in Chimeyding on either individual regions,
eastern China, or China as a whole. The resultgdtel that urbanization effects are
weakest in western China and in the smaller cii&é® urbanization effects are evident
in some large cities, but the size of the effecos® the whole country is relatively small
(an order of magnitude smaller than the longer tearming since 1900) (Jones et al.,
1990; Li et al., 2004a, 2010b, 2014; Zhou et &04& Zhang et al., 2005; Hua et al.,
2008; Jones et al, 2008; Ren et al., 2008; Yan.e2@09; Ren and Ren, 2011; Yang et
al., 2012; Wang et al., 2015).

The development of SAT time series averaged ovenlaral China has been a
focus in the climate change research communityhim&(Zhang and Li, 1982; Tu, 1984,
Ding and Dai, 1994; Wang et al., 1998; Wang andd>@000; Chen et al., 2004, Zhai et
al, 2004; Qin et al., 2005; Ding and Ren, 2008; gvahal., 2014). Currently, four sets
of long-term time series exist that have been widesled in climate change studies in
China: WangsS, Tang, Li, and WangJ times series Tab&e 1 for details). In this study,
we supplement these four existing time series Wit time series derived from
CRUTEMBS3 (Brohan et al., 2006) and CRUTEM4 datagétses et al., 2012). Analysis

of these six time series leads to divergent commhgsabout SAT variations due to their
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differences in station densities and data procgdsichniques.

Global climate models have shown reasonable pedocer on the global scale, but
large uncertainties in regional scale performartde exist. The performances of the
CMIP3 (the 3rd Coupled Model Intercomparison Projédeehl et al, 2007)) and
CMIP5 (the 5th Coupled Model Intercomparison Prbj@aylor et al., 2012) modelsin
the simulation of China SAT changes have been ateduin many studies (for details of
these simulations see the SM) (Zhou and Yu, 20@6axd Xu, 2012; Guo et al., 2013;
Zhang et al., 2013; Zhou et al, 2013; Jin and Zl2®14). However, the observed time
series used in these comparisons are different.clifmate modeling community needs
to pay more attention to the uncertainty of obsgrirme series. In addition, the first
reanalysis product at centennial scales (20CR),eldped by the US National
Oceanographic and Atmospheric Administration (NOAgpvides new opportunity for
data-model comparisons. The near-surface air teatyer in 20CR provide useful
results (especially in terms of the continuity efiss) (Cheng et al., 2013) that can be
verified by the simulation of global SAT variatig@ompo et al., 2011, 2013). In this
study, the SAT time series derived from 20CR dai@so compared to the observational
data.

The objective of this study is to assess the siitidga and differences of these
annual mean SAT time series for China based oorigat meteorological observations
since 1900. The existing observed time series ampared to the results of CMIP5
model simulations and the 20CR reanalysis. Theatvimperature trend of China SAT

is investigated, and the characteristics of eaph bf data are discussed.



136
137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

Taee 1

2. Data and methods

High quality climate datasets are the basis for deéection and attribution of
climate changes (Karl and Williams, 1987; Gulleakt 1990; Peterson et al., 1998). For
years, temperature analyses across China, espeamialbcal or sub-regional scales, saw
discrepancies due to the inhomogeneity of the beselta (Li et al., 2004b). To solve
this problem, considerable efforts have been devtidéhe homogenization of the SAT
station data for China (Li et al., 2004, 2009; Seh@l., 2004; Li and Yan, 2009; Xu et
al., 2013; and SM). The first homogenized SAT datasor the whole country, starting
at the beginning of 20th century, were publishe@®10 (Li et al, 2010a). Currently,
there are four sets of SAT time series that hawenbeidely used in climate change
studies in China (see Table 1 for details); these $ets of data are used in our analysis.
The WangS series (Wang et al, 1998) and Tang séfimsg and Ren, 2005) are
described in Cao et al. (2013); the Li series {Lale2010a) and WangJ series (Wang et
al, 2014) are both developed from Li et al (2010a).

In addition to the aforementioned China averageetseries, the CRUTEMS3/4
datasets (Brohan et al., 2006; Jones et al., 20&®) also used to estimate the Northern
Hemisphere/China surface temperature changes. andtbmogenized global LSAT
dataset (GHCN-M, Lawrimore et al., 2011), developgdNOAAs National Center for
Environment Information (NCEI), was also used faymparison with the China
observational dataset. The Climate Anomaly MethGdNl, Jones and Hulme, 1996)

was applied to gridded deviations from the climagidal average (“anomalies”) to
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construct a regional average time series overf&hina.

The 20" century historical climate simulations of CMIP5 dets (Taylor et al.,
2012) were used in our analysis. The results c€MIP5 models were compared to the
historical observational data. Because the hisabridimate simulation of CMIP5
models ends in 2005, our model-data comparisonséxwn the period from 1900 to
2005. The Taylor diagram (Taylor, 2001) was usechatel evaluations. First, data from
the 41 models were re-gridded to<1 resolution grids, and the China average SAT
series for each model was calculated by averadinbeaanomalies series for each grid
by latitude cosinaveighting. This was nearly the same methodologyiegdy Jones
and Hulme (1996) with the exception of a differezgolution between the modelX11)
and observation (8 5) datasets. The China SAT series was obtaineddnaging all the
selected models series (41 or 8 in this paper)gubi@ same weighting.

Data from the 20 Century Reanalysis V2 were provided by the
NOAA/OAR/ESRL PSD, Boulder, Colorado, USA (accebsifrom their web site at
http://www.esrl.noaa.gov/psd/). A China average walsulated for the years 1900 to
2005 for additional comparisons with the CMIP5 dimtions (for details of these
simulations see the SM).

3. Results

3.1 Comparison of observed time series

Fiec. 1

A comparison of the six time series of average 8AChina (see Table 1 for details;

all series plotted relative to 1961-1990 average}te period of 1909 to 2006 (when all
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data are available) is shown in Figure 1. Note #ilaseries, with the exception of the
WangS series, have a large amount of missing data Wwestern parts of China. For
example, in the Li series (which has the densesemiational station data coverage
among the series with the exception of WangS)ehgth of grid-point time series to the
west of 110°E is 46-85 years. The station seriesviestern China began between 1922
and 1961. The WangS series augmented western Gtatian data with proxy climate
data. First, they derived regional annual SAT se(sarting in 1880) for Northeast
China, North China, East China, South China, Tajv@entral China, Southwest China,
Northwest China, Xinjiang and Tibet based on obetons. In addition, they included
Dunde and Guliya ice core data, historical docummgninformation and tree ring data.
WangS then obtained China SAT time series by amighting the averages of all
regions (Wang et al, 1998). The WangJ series difiem the others because a grid was
not developed; instead, the China average waslatéduas one domain.

All six SAT series for China reveal similar decadaliations since the 1900s. The
period from 1909-2006 can be divided into the failog epochs: 1909 to the mid-1940s
(the first stage of SAT rise), the mid-1940s to ldte-1960s (the stage of SAT decline),
and the late-1960s to 2006 (the second stage efeaating SAT rise). The differences
among the series are mainly evident in the perefdre the 1950s. The Tang anomaly
series is slightly lower in the first 10 years, ighihe WangS anomaly series is higher
than the other series from 1909 to 1929. From 8%&04 to the 1950s, the WangS and
Tang anomaly series are slightly higher than tlufde and WangJ. After the 1950s, the

six series are much more aligned with each other.
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The reason for the spread among the existing terieslies in the methods and the
basic data used; homogenization of the basic ddirdata is the key factor here. All of
the homogenized series (Li, WangJ and CRUTEM3/CRUZEshow less variance
among one other. CRUTEMS3 always lies in the midafiehe various series, Li and
CRUTEM4 are consistently slightly below the otheriss between 1916 and 1951, and
WangJ is slightly below all the other series aro886 & 1968. The basic data used for
establishing the Li and WangJ series are identinalthe two series differ slightly from
each other due to the utilization of different istatal methods (even after the 1950s).
Tang uses non-homogenized station data, but isrclms the other four series than
WangS, which uses non-instrumental proxy data fier annual averages before the
1950s.

Four series are compared in Figure 2 (CRUTEM3, CRM4, WangJ and Li). For
additional comparison with larger-scale SAT vada$i, we also include the series for
the Northern Hemisphere (NH_CRU), calculated usBiRUTEM (here, we include
both NH SAT series calculated from CRUTEM3 and CREWH, which are extremely
similar). The NH_CRU series also has high conststemith China's series, which is
similar to the finding of Bradley et al (1987). §hs likely related to the fact that China
is a large mid-latitude country and is a significg@art of the NH land mass (see
discussions in Jones et al., 2007 and Jones @04R). The China average series reveal
a more pronounced warming period starting in th&0%9with 1946 as the warmest year
before 1980; however, for NH_CRU, the warmest yefore 1980 is 1938. Thus, the
first 20" century warming phase for NH_CRU ends earlier tina@hina's series, and

10
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the subsequent NH temperature decline also endereavhich is consistent with

Bradley et al (1987).

Fe. 2

3.2 Comparative analysis of China SAT time series smulated by
climate models and reanalysis

The annual mean SAT series simulated by 41 modais1900-2005 (using
1961-1990 as the base period) is shown in Figuhsvident from the ensemble mean
of the models (blue curve), the simulated SAT armadrom the early 1920s to the
1960s are generally higher than those of the obdeseries (red curve), with an average
differences close to 0.3°C before the 1940s. After 1950s, the simulated rate of
climate warming is still lower than the observatidirigure 4b). A comparison between
the long-term temperature change estimated by phedthember ensemble historical
runs from 41 models and seven observational s@heseastern China series by Cao et
al. (2013) is also included here) is shown in Fegda. The rate of change of mean SAT
for China simulated by the 41 models for 1900-2&0&pproximately 0.00-0.20 °C per
decade, with an average of 0.06°C per decade, lamdaverage rate simulated for
1951-2005 is 0.15°C per decade (less than the O.p8t decade for observation). The
seven observational series exhibit different trecefstered at approximately 0.09 °C per
decade (red line in Figure 4a). The trends forrnioelel series are slightly smaller than
those for observational series at the centennaksbut the agreement is better for the
last 55 years (1951-2005) (Figure 4b).

Two additional approaches are adopted to additiprealaluate the simulation of
11
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270

the SAT anomalies over China. First, Pearson catiogl coefficients (CCs) between the
observational and simulated series for the full (1800-2005) years are calculated. The
highest CC is 0.75, found for FGOALS-s2 by theitngt of Atmospheric Physics (IAP),
Chinese Academy of Sciences (CAS). In decreasidgrasf CC (larger than 0.6), the
remaining 7 top-ranking series are: MPI-ESM-MR €),6 BCC-CSM1.1 (0.67),
BNU-ESM (0.67), IPSL-CM5A-LR (0.65), BCC-CSM1.1 @), CESM1 (WACCM)
(0.62) and CESM1 (FASTCHEM) (0.61). It is interegtito note that four out of the
eight top-ranking simulated series for China areved from models developed by
Chinese institutes. Another important observat®that using the homogenized series
from Li provides higher correlations (the CCs shdvemne are higher than those given by
Zhang et al (2013), where the unadjusted (raw)wbsien data were used).

Figure 5 (Taylor diagram) akin to Jiang and Tia®1®), which shows the
performance of the models in their historic simola of SAT anomalies from
1900-2005. The closer the distance between modielssand REF (observations here
are referring to the Li series), the better thefggarance of the corresponding model.
The top-ranking models by distance are: BCC-CSMGEDL-ESM2M, CMCC-CM,
CanESM2, CESM1 (CAMS5), NorESM1-M, MIROC-ESM, and MPSM-MR. The
average of the eight top-ranking models (whose abmed standard deviation is below
2.0) reproduces the SAT observational variatiomgHe last 106 years with a correlation
coefficient of 0.81 (Figure 6a). Compared with tieservations (Li), the model series
average underestimates the observations befor&9tfas except for the short period in
the 1950s. As observed in Figure 6b, the averagéhefeight top-ranking models

12
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reproduces the SAT observational variations for s 105 years with a correlation
coefficient of 0.79, which is slightly lower than Figure 6a. However, as a whole, the

average models series agrees well with observationsg the entire period.

Fo. 3

Fic. 4

Fic. 5

Fc. 6

Figure 3 and Figure 6 also display the regional 8AE series of China calculated
from 20CR (black bold lines). During the entire htieth century, the long-term SAT
warming trend for China is very well reflected ifOCR. For 20CR, the early
temperature rise continues from the 1900s to tte®4,%ollowed by a sudden decline at
the beginning of the 1960s and then a rise agaen tife mid-1960s. The average rate of
rise of China's SAT for 1900-2005 calculated by ROdata is 0.10°C/10 a, which is
close to the level of the observed time serieS)(@ALO a). In 20CR, temperatures begin
to decrease from the mid-1990s. It is importanhadte that the analytical model of the
20CR dataset is driven by monthly average seaitimperatures, and only surface
pressure data are assimilated. Therefore, the S#ima&es obtained are completely
independent from the myriad of land surface tentpeeaobservations. Without
assimilating surface air temperature and/or timegiwng anthropogenic aerosol data
(though volcanic aerosols were included), the 2@G&ceeded in reproducing the recent
winter SAT cooling features in China but failedrgproducing the significant summer

warming trends in southern China from 1998-2012eflal., 2015; and Fig. S3 in SM).
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This has led to the underestimation of China'sayeSAT in the past 15 years.

4. Discussion
4.1 SAT anomaliesin the 1940s
1) Observations

There is little doubt about the high SAT anomalyiniy the 1940s over China
because all six observational series collectedtim study consistently show similar
features (Figure 1). However, the magnitudes ofSA& anomalies differ among these
datasets (Li et al., 2010a). In the WangS series,1810s to the 1950s are warmer than
the other series, while the Tang series only shtwdigh temperature anomalies in the
1940s. The two series achieve comparable amplitndE946 (WangS and Tang are
0.68°C and 0.88°C, respectively) with some yearghim most recent warm period
(2000s), while the remaining series have relatil@lyer amplitude (0.31°C (Li), 0.38°C
(WangJ) and 0.36°C (CH_CRU) in 1946). Note thatdhky difference between Li (and
WangJ) and the Tang series is that the former ®vies used a homogenized dataset,
while the latter did not, which indicates that datemogenization is likely to be the most
significant cause of differences in the anomal@snd) the 1940s.

The uncertainties for SAT change series (Li) haanbessessed in Li et al., (2010),
Based on their evaluation, the average 95% anmgartainty range is about 0.327 °C
during 1940s (1941-1950), so the decadal unceytaiduld be 0327@: 0.1°C,
which is smaller than 0.15°C in 1930s, and abo@060.22°C in 1900s, 1910s and
1920s (Figure S2 in SM). Most of the uncertaint@snes from the limited data

coverage (Li et al., 2010, see their Figure 5), iaagrees well with the station numbers
14
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change during 1900s-1940s for eastern and westemadE China and W China),
respectively (Figure S1 in SM). The W China hasilsiminter-annual and decadal
changes with E China from 1930s to 2010s. Thisrasstinat the Li series can present
the SAT change for whole China to a certain exésen if the series was built based on

only the stations from eastern China in the eayigars (1900s-1920s).

Fic. 7

Because the observational data in the 1940s werapded due to World War i
from 1937-1945, certain difficulties are associatgih the detection of SAT variation in
this time period. Li series basically reflects tweerage for all the 30 stations’ SAT
anomalies change since 1930s in the western Cliiguré 7). Wang et al (1998)
introduced proxy data (tree rings, ice cores argtohical documents) to enhance
estimates for the western half of China. But howrétiably estimate the missing
instrumental observation with proxy data remain®p@n question. Annual averages for
NH mid-latitude continental areas are principalbymdnated by temperatures in winter,
but proxy sources are mostly indicative of the sianhalf of the year. And the WangS
series is composed of annual averages and doesalotde separate series for the
seasons (Wang and Gong, 2000). Although the upeoaly data has the problems above,
but to increase the coverage of the data in the, wtas also a valuable endeavor, which
is worth further study with better proxy data andrenperfect treatment method.

2) CMIP5 and 20CR
Zhou and Yu (2006) noted that CMIP3 models do wbieve a good simulation of

15
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abnormal climate warming in China in the 1940s,olhinay be related to the absence
of solar forcing variations that should change otmere between different simulation
experiments for the 20th century. For historicaialte simulations using the CMIP5
models, most models still failed to reproduce tte@mth of the 1940s. As evident from
the comparison between the average of the simuokatising all models and the
observed time series in Figure 3, the warmth in 1940s is less evident in the
simulations. Using the observational average SAletseries (Li series) that has been
established from the homogenized data in that paperamplitude of the temperature
rise before the 1940s is much lower and the exdéabnormal temperature rise in the
1940s is also less significant. This result is @@osistent with the 20CR data (Figure 3).
20CR is somewhat like AMIP-type experiments, b domparison of this aspect has
been addressed in Compo et al (2013). They shohatdassimilating the MSLP data
improved over the AMIP-type (which was just SSTA®aassimilation). It seems that
the abnormal climate warming revealed by the SAJetseries in the 1940s may not be

as high as the WangS and Tang series indicate.

4.2 Temperature change trend estimates from 1900-2015

In this section, we consider the series that inetuhe most recent year (2015), so
only some of the series (CRUTEM4, GHCN-M (Lawrimarteal., 2011), and Li + Xu
(Li et al, 2010; the data since 2007 are derivethfiXu et al, 2013)) can be used. The
temperature anomaly series at the annual timesoaleshown in Fig. 8. The linear
change trends and 95% uncertainty ranges (Wes897)lare calculated in Table 2.
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Over the period from 1900 to 2015, the annual linesnd coefficient is 0.121+0.009 °C
per decade, 0.130+£0.009C per decade, and 0.114+0.00€ per decade for Li+Xu,
CRUTEM4 and GHCN-M v3, respectively. All are slightlarger than the raw
(“unadjusted” in Section 3.2) data (0.107+0.009p%¢ decade). The difference between
the raw and adjusted data happens mainly befor@ases.

Finally, we consider the most recent period (19085) in more detail. During this
period, Li et al (2015) states that a hiatus inmiag occurs in most parts of China
except for the southwest (also by Duan and Xiad,520Although 2015 is the"?
warmest year on record (2007 is the warmest y#ag)temperature change trend for
1998-2015 remains 0.079+0.13C per decade, which is still much smaller than
estimates for 1951-2015 (0.244+0.021°C per decaded for 1979-2015
(0.379+0.044 °C per decade) (Figure 7). This agresls with Li et al (2015), though
the recent trend is slightly larger than the 19982 period trends. China averages
calculated by both CRUTEM4 and GHCN-M v3 show negatrends during the
1998-2015 period, both of which are related to #light underestimation of the
temperature in recent years. It is worth noting thaer this period none of the series

have trends that are statistically significanthat 5% level.

Fic. 8

TasLe 2

5. Conclusion and prospect

With the motivation to recommend the best estinod€hina average SAT series to
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the international climate research community, weehassessed the similarities and
differences of the existing time series of annuarage SAT for China. These time
series are based upon historical meteorologicagérebtions since the 1900s, and the
observed time series are further compared to thtergal climate simulation of CMIP5
models and the 20century reanalysis. The major findings are sumrearbelow.

1) Although there are still certain differences amahg existing China average
time series during the 1940s warmth period duehéoscant number of observations,
SAT time series using homogenized temperature liata improved the agreement of
long-term changes among all the datasets sinc&986s. The similarity of the China
observational average with the NH series, note@iagley et al (1987), is confirmed,
but the NH series peaks slightly earlier (1938htdina (1946).

2) SAT time series using homogenized temperature lia¥a also improved the
agreement of long-term changes between the obserahtand model simulation
datasets since the 1900s. Several Chinese mod€BIiR5 show better performance in
the simulation of annual SAT variations over Chinathe past century in terms of
correlation coefficients (all above 0.6). These eisdconsistently show reasonable
reproductions of decadal-scale variations of SATthe past century, but tend to
over-estimate recent trends during the past 155y@8ICR also reflects the inter-decadal
variations of China's SAT at the century scale, lgutatly under-estimates the
temperature in the past two decades.

3) A new evaluation of the long-term trend based anhbmogenized observed
data was achieved: SAT in China reveals a warmieigdt (0.1210.009C per decade)
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slightly greater than what the raw data indicates q#0.009C per decade) from
1900-2015. The best estimations of linear chargyeds with 95% uncertainty ranges are
0.121+0.009, 0.244+0.021, 0.379£0.045 and 0.07&C1(not significant) per decade
for 1900-2015, 1951-2015, 1979-2015, and 1998-2fEdpectively. Thus the average of

SAT “warming” over China also shows a “slow down’the past 18 years (1998-2015).
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Captions:
TaeLe 1. Six centennial-scale temperature change seriessa€iina

TasLe 2. Comparisons of the raw and homogenized SAT trendsgl different periods (unit: °C /10a)

Fic. 1. Six SAT time series across China in the pastury (1909-2006) (1961-1990 as the base
period)

Fic. 2. Comparison of SAT series across China and thehortHemisphere (NH_CRU) (1961-1990
as the base period)

Fic. 3. China SAT series’ variations simulated by 4adeis in CMIP5 in the past century
(1961-1990 as the base perio@ihe red, black and blue lines show the Li seri€€CR and
multi-model average, respectively.

Fic. 4. Comparison of long-term temperature change trends4i models in CMIP5 and 6
observational series. a) 1909-2005, b) 1951-2085 lar indicates the trend distribution of 41
models (the black line is a fitted line), the gtdilines indicate the trends of 6 observational
series, and the red line indicates the Li seriesd).

Fic. 5. Taylor diagram displaying normalized pattetatistics of surface air temperature over
China between the 41 climate models and observdta (Li) for the period from 1900-2005.
Each number represents a Model number (see riginned, and the Li series is considered the
reference (REF) dataset. Standard deviation antereeh root mean square differences are
normalized by the reference standard deviation. fidwial distance from the origin is the
normalized standard deviation of a model; the daticn between a model and the reference is
given by the azimuthal position of the model, witle oblique dotted line indicating the 99%
confidence level; and the centered root mean sqddference between a model and the
reference is their distance apart.

Fic. 6. Series of China SAT variations simulated by &top-ranking models in CMIP5 and
20CR datasets (1961-1990 as base period). uppel: panking by correlation coefficients only;
bottom panel: ranking by correlation coefficientslanormalized standard deviation.

Fic. 7. The distribution of the long-term stationsdise construct the west China series (upper
panel) and the W China series and the 30 statinass€bottom panel, 1961-1990 as the base
period)

Fic.8. Anomaly time series of China's average annédl fiom 1900-2015 (1961-1990 as the
base period)
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TasLe 2 Comparisons of the raw and homogenized SAT sreluding different periods (unit: °C /10a)

1900-2015 1951-2015 1979-2015 1998-2015
RAW 0.107+0.010 0.24'#0.021 0.381+0.045 0.059+0.13
ADJ 0.121+0.009 0.244+0.021 0.379:0.044 0.079+0.13
CRUTEM4 0.130£0.009 0.243t0.021 0.348t0.051 -0.150+0.14
GHCN 0.114+0.009 0.215t0.021 0.29'#0.049 -0.093+0.14

* The trend has passed the significant test of 95%
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Fic. 1. Six SAT time series across China in the pastucg (1909-2006)
(1961-1990 as the base period)
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636 Fic. 3. China SAT series’ variations simulated by 4tdeis in CMIP5 in the past century
637  (1961-1990 as the base perio@ihe red, black and blue lines show the Li seri€CR and
638  multi-model average, respectively.
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Fic. 4. Comparison of long-term temperature changeldor 41 models in CMIP5 and 6
observational series. a) 1909-2005, b) 1951-2085gar indicates the trend distribution of 41
models (the black line is a fitted line), the gtdilines indicate the trends of 6 observational

series, and the red line indicates the Li serigrsdy.
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normalized standard deviation of a model; the daticn between a model and the reference is

given by the azimuthal position of the model, witle oblique dotted line indicating the 99%
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reference is their distance apart.
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Fic. 6. Series of China SAT variations simulated by &top-ranking models in CMIP5 and
20CR datasets (1961-1990 as base period). uppet. panking by correlation coefficients only;
bottom panel: ranking by correlation coefficientslaormalized standard deviation.
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669  Fic. 7. The distribution of the long-term stations dige construct the western China series
670  (upper panel) and the W China series and the 3i@rstseries (bottom panel, 1961-1990 as the
671  base period)
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676  Fic. 8. Anomaly time series of China's average anSédl from 1900-2015
677 (1961-1990 as the base period)
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