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Abstract The rise in global surface temperature has significantly declined after 2000. In this study, the evolution of the
surface temperature of the global land-mean and Eurasia middle-high latitudes during the global warming hiatus was
analyzed based on CRU observations. Simulations and projections were also evaluated using the Coupled Model
Intercomparison Project 5 (CMIP5). The results indicate that, in the global warming hiatus period, the trend of the global
land-mean surface temperature is only 0.14°C (10 a)"', which is half that during 1976-1999. The trend is less than that
before 2000 in nine of the 13 global land regions, and four of them show a decreasing trend. The Eurasia middle-high
latitude region is the most interesting among all the regions. For 1976-1999, the Eurasia middle-high latitude region
shows the largest warming among all the land regions and reaches 0.50°C (10 a) '. After 2000, the trend significantly
declines to —0.17°C (10 a)”', the greatest cooling trend over land, globally, contributing 49.13% of the remarkable
change in global land surface temperatures before and after 2000. Furthermore, the surface temperature of the Eurasia
middle-high latitude region shows an opposite change in autumn and winter after 2000; the temperature of the former
rises by 0.86°C (10 a) ', while the that of the latter decreases by 2.68°C (10 a) '. In CMIP5, only the simulation and
projects in BCC-CSM1.1 under the RCP2.6 scenario and MRI-ESM1 under the RCP8.5 scenario reproduce the evolution
of the global land-mean and Eurasia middle-high latitude surface temperature, as well as the opposite change between
autumn and winter of the Eurasia middle-high latitude region, during the global warming hiatus. The temperature
projection of the BCC-CSM1.1 under the RCP2.6 scenario for the Eurasia middle-high latitude remains flat, near 1.2°C,
after 2012, and jumps to 2°C after 2020. The change in the MRI-ESM1’s projected temperature under the RCP8.5

scenario is close to zero before 2030; the temperature then rises remarkably, to °C (10 a) .
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Table 1 Information of CMIP5 climate models

B4R WAL RLES
ACCESS1.0 CSIRO-BOM, Australia 192X 145
BCC-CSM1.1 BCC, CMA, China 128 X 64
BNU-ESM GCESS, BNU, China 128 X 64
CCSM4 NCAR, USA 288192
CESM1(BGC) NSF-DOE-NCAR, USA 288192
CESM1(CAMS) NSF-DOE-NCAR, USA 288X 192
CESMI(FASTCHEM) NSF-DOE-NCAR, USA 288X 192
CESM1(WACCM) NSF-DOE-NCAR, USA 144X 96
CMCC-CESM CMCGC, Italy 96 X 48
CMCC-CM CMCQC, Italy 480X240
CMCC-CMS CMCQC, Italy 192X 96
CNRM-CM5 CNRM-CERFACS, France 256128
CNRM-CM5-2 CNRM-CERFACS, France 256128
CSIRO-Mk3.6.0 CSIRO-QCCCE, Australia 192X 96
FGOALS-g2 IAP, CAS, China 128X 60
GFDL-CM3 NOAA GFDL, USA 144X 90
GFDL-ESM2G NOAA GFDL, USA 144X 90
GFDL-ESM2M NOAA GFDL, USA 144X 90
GISS-E2-H NASA GISS, USA 144X 90
GISS-E2-R NASA GISS, USA 144X 90
IPSL-CMS5A-LR IPSL, France 96 X96
IPSL-CM5A-MR IPSL, France 144X 143
IPSL-CM5B-LR IPSL, France 96 X96
MIROCS AORI, NIES, JAMSTEC, Japan 256128
MIROC-ESM AORI, NIES, JAMSTEC, Japan 128 X 64
MIROC-ESM-CHEM  AORI, NIES, JAMSTEC, Japan 128 X 64
MPI-ESM-LR MPI-M, Germany 192X 96
MPI-ESM-MR MPI-M, Germany 192X 96
MPI-ESM-P MPI-M, Germany 192X 96
MRI-CGCM3 MRI, Japan 320X 160
MRI-ESM1 MRI, Japan 320X 160
NorESM1-M NCC,Norway 144X 96
NorESM1-ME NCC,Norway 144X 96
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Table 2 Four typical periods for global land surface mean

temperature variation
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1 CRU (Climatic Research Unit) S ZEEIERAEN) 1901~2012 SFEAERBEHAEPI I BT (RS 1961~1990 4E, Hifi: °C) 741, 4

0% 9 RIS, €0 DYAS ML R N B A ek

Fig. 1 Anomaly of global land surface mean annual air temperature form CRU (Climatic Research Unit) observations (climatology is defined as 1961-1990,

units: °C), the red line showsnine-year running mean, while the blue lines are the trend lines during four typical periods
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Fig. 2 Definition of thirteen regions over global land and their area fractions relative to global land surface
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Table 3 The trend of annual mean air temperature derived from CRU observations for global land mean and thirteen

regions during four typical periods, and their contribution to global land surface mean variation. The table also shows the
change [units: °C (10 a)ﬂ] of the trend between P II and P I, P III and P II, P IV and P III, respectively, as well as their

contribution to the change of the trend of global land surface mean temperature
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Table 4 The trend of seasonal temperature over Eurasian
middle-high latitudes region during P III and P IV, and their

contribution to the variation of annual mean temperature

variation
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Table 5 Correlation coefficients of global land surface mean temperature from CRU observations and those from historical
simulations of CMIPS models. The table also gives the trends during 1901-2005, P I, P II, and P III, as well as the changes of

trend between P Il and P I, P II and P III.

1901~2005 4EH  PTMGRSR/  PIIMGRHESR/ PIIHREESE PHO—PISNEA Y PII—P I 845 451k/
(LS KRB JE%/,C (102)" °C(10a)" °C(10a)" °C(10a)" °C(10a)™! °C(10a)™
CRU WD 0.74 0.15 —0.16 0.30 —0.30 0.46
BCC-CSM1.1 0.85 121 0.18* —0.10 0.31* —0.28* 0.41*
MPI-ESM-MR 0.81 124 0.14* 0.11 0.30* —0.03 0.19
IPSL-CM5A-LR 0.79 1.14 0.05 0.01 0.36* —0.04 0.35*
BNU-ESM 0.79 145 0.08 0.05 0.25* —0.03 0.20
NorESM1-M 0.77 0.69* 0.12* —0.04 0.22 —0.16 0.26
IPSL-CM5A-MR 0.77 0.96 0.14* —0.10 0.25* —0.24* 0.35*
GISS-E2-R 0.77 0.79* 0.09 0.07 0.11 —0.02 0.05
CMCC-CM 0.76 0.80* 0.09 0.17 0.27* 0.08 0.11
CESMI1(FASTCHEM) 0.76 1.39 0.10 0.12 0.27* 0.02 0.15
FGOALS-g2 0.76 0.90 0.06 0.14 0.18 0.07 0.04
CCSM4 0.76 1.18 0.16* 0.14 0.15 —0.02 0.01
GISS-E2-H 0.75 0.92 0.11 —0.03 0.17 —0.14 0.20
CESM1(BGC) 0.75 1.18 0.09 —0.09 0.24* —0.19* 0.33*
MRI-ESM1 0.75 0.83* 0.16* —0.15* 0.15 —0.31* 0.31*
MIROC-ESM-CHEM 0.75 0.59 0.16* —0.10 0.13 —0.26* 0.22
MIROC-ESM 0.74 0.72* 0.19 0.02 0.21 —0.18* 0.20
MPI-ESM-P 0.74 124 0.14* 0.17 0.16 0.03 —0.01
CESM1(WACCM) 0.74 120 0.10 —0.13* 0.26* —0.23* 0.39*
MPI-ESM-LR 0.73 126 —0.03 —0.03 0.14 0.00 0.17
IPSL-CM5B-LR 0.73 0.84* 0.04 0.14 0.16 0.09 0.02
CNRM-CM5-2 0.73 0.72* 0.09 0.09 0.16 0.00 0.07
GFDL-ESM2M 0.73 0.79* 0.13* 0.09 0.23 —0.04 0.14
CNRM-CM5 0.72 0.60* 0.10 —0.04 0.28* —0.13 0.32*
GFDL-ESM2G 0.72 0.55 0.09 0.00 0.29* —0.10 0.29*
CESM1(CAMS5) 0.71 0.68* 0.11 0.03 0.06 —0.08 0.03
NorESM1-ME 0.71 0.66* 0.11 0.00 —0.05 —0.11 —0.05
ACCESS1-0 0.71 0.67* —0.01 0.10 0.22 0.11 0.12
MRI-CGCM3 0.66 0.68* 0.05 0.07 —0.01 0.02 —0.08
CMCC-CMS 0.64 0.77* —0.02 0.04 0.34* 0.06 0.30*
CMCC-CESM 0.59 0.57 0.01 0.23 0.20 0.22 —0.03
MIROCS 0.57 0.49 0.12* 0.16 0.31* 0.04 0.16
GFDL-CM3 0.57 031 0.24 0.10 0.14 —0.14 0.05
CSIRO-MK3.6.0 0.55 0.34 0.06 —0.01 0.14 —0.07 0.15

A R «x” Brr o BB IR AL T CRU I (1£20%) IX[E Y, REERA A7 T CRU ALK (1£40%) XA,
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Fig. 3 (a) Global land surface mean air temperature during 1901-2005 and (b) its anomaly relative to 1961-1990 from CRU observations and historical

results of 33 climate models. Units: °C
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Fig. 4 Global land surface (a) mean temperature during 1901-2005 and (b) its anomaly relative to 1961-1990 from CRU observations and historical results of
four climate models. Units: °C
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Fig. 5 The trend of land surface air temperature from CRU observations and CMIP5 models under different RCPs over (a) global land and (b) Eurasian
middle-high latitudes during P III (1976-1999) and P IV (2000—-2012), as well as (c) the change of the trend between them. Units: °C (10 a) '
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(a—d) The trends of seasonal land surface temperature from CRU observations and CMIP5 models under different RCPs over Eurasian middle-high
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Fig. 7 Projected annual mean land surface air temperature anomalies (five-year running mean, relative to 1961-1990 climatological mean, units: °C ) during

1960 to 2050 over (a) global land and (b) Eurasian mid-high latitudes. The black, red, and blue lines mark the CRU observations, model results of MRI-ESM1

and BCC-CSM1.1, respectively
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Fig. 8 The scatter diagram of the trends of annual mean air temperature from CMIP5 climate models during P IV period over global land surface with those

over Eurasian middle-high latitudes. The black dot shows CRU observations. Units: °C (10 a)
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