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Abstract The estimated internal variability of near-surface air temperature was compared using three widely adopted
methods [pre-industrial control (piControl) simulations, polynomial fit method, and analysis of variance method], based
on 37 models from the Coupled Model Intercomparison Project Phase 5 (CMIPS) and 40 large-ensemble simulations
from the Community Earth System Model (CESM). The associated influences on the time of emergence (TOE) of near-

surface air temperature in future climate projections were also quantified. The results showed that for multimodels from
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the CMIPS, the estimated internal variability was comparable based on the piControl simulations and the polynomial fit
method, while variability estimated by the analysis of variance method was exaggerated in terms of the magnitude
because of its inclusion of model uncertainty. Polar amplification was evident in the spatial distribution of estimated
internal variability of surface temperature, with considerably larger magnitudes in the mid- to high-latitudes than the low-
latitudes. The internal variability of surface temperature did not vary significantly with time or emission scenarios, except
for in the tropics, estimated by the analysis of variance method. Moreover, the estimated internal variability showed high
consistency among the three methods, based on large-ensemble simulations from the CESM. The different estimated
internal variabilities further affected the TOE in future climate projections, mainly in the North Atlantic Labrador Sea and
the Weddell and Ross Seas in the Southern Ocean where deep overturning circulations occur. Specifically, the internal
variability was estimated to be less than 15% of the forced signals over China based on all three methods in the CESM

large-ensemble simulations. This result was comparable to those estimated by the piControl simulations and polynomial
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fit method based on the CMIP5 multimodels but tended to be overestimated by the analysis of variance method.
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Table 1 Basic information of the 37 CMIP5 models

(L HURE /1 2% K53 piControl 4B [H] 4 & /a
ACCESS1-0 CSIRO/HAFIE, 192x145 500
ACCESS1-3 CSIRO/HAFIE. 192x145 500

BCC-CSM1-1 BCC-CMA/*H [F 128x64 500
BCC-CSM1-1-m BCC-CMA/+ [F 320x160 400
BNU-ESM BNU/HH 128%64 559
CanESM2 CCCMA/IEER 128%64 996
CCSM4 NCAR/Z[H 288x192 501
CESMI1-BGC NCAR/Z 288x192 500
CESM1-CAMS5 NCAR/ZE 288x192 319
CMCC-CM CMCC/=RH| 480x240 330
CMCC-CMS CMCC/=ERF 192x96 500
CNRM-CM5 CNRM-CERFACS/i%:[H 256x128 600
CSIRO-MK3-6-0 CSIRO-QCCCE/MHL K FIE 192x96 500
FGOALS-g2 LASG-IAP/H 128x60 900
FGOALS-s2 LASG-IAP/ 128x108 501

FIO-ESM FIO/ [H 128x64 800

GFDL-CM3 NOAA-GFDL/ [H 144x90 500
GFDL-ESM2G NOAA-GFDL/3 [H 144x90 500
GFDL-ESM2M NOAA-GFDL/ [ 144x90 500

GISS-E2-H NASA-GISS/Z[H 144x90 780
GISS-E2-H-CC NASA-GISS/ 144x90 251

GISS-E2-R NASA-GISS/Z [ 144x90 850
GISS-E2-R-CC NASA-GISS/Z [ 144x90 251
HadGEM2-CC MOHC/#% 192x145 240
HadGEM2-ES MOHC/E 192x145 337

inmem4 INM/A% 2 7 180x120 500
IPSL-CM5A-LR IPSL/7Z%:[H 96x96 1000
IPSL-CM5A-MR IPSL/7Z%:[H 144x143 300
IPSL-CM5B-LR IPSL/7Z%:[H 96x96 300
MIROC-ESM MIROC/H A& 128x64 531
MIROC-ESM-CHEM MIROC/ H A 128x64 255
MIROCS5 MIROC/H A 256x128 670
MPI-ESM-LR MPI-M/{& 192x96 1000
MPI-ESM-MR MPI-M/{& 192x96 1000
MRI-CGCM3 MRI/H A 320x160 500

NorESM1-M NCC/H 8, 144x96 501
NorESM1-ME NCC/H 144x96 252
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Fig. 1 Simulated and observed global averaged annual mean surface air temperature anomaly for 1950-2099. All temperatures are shown as

anomalies with respect to 1961-1990. (a) Runs from 37 CMIP5 models under historical forcings (gray) and two different Representation
Concentration Pathways (RCPs): RCP8.5 (red), and RCP4.5 (blue). The multi-model mean is shown with thick colored lines, and the observation is
shown as the thick black line. (b) Same as (a), but for the CESM large ensemble; the figure shows historical and RCP8.5 scenario runs from 40

members, and RCP4.5 scenario runs from 15 members
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Fig.2 Estimates of the decadal internal variability of global surface air temperature (¥, units: °C) under the RCP8.5 scenario: (a) Mean standard

deviation from the pre-industrial control integrations (piControl simulations) of the CMIP5 models used. (b, ¢) Mean standard deviation for the

twenty-first century integrations of the CMIP5 models used, methods are (b) polynomial fit method and (c) analysis of variance method based

approach, respectively
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(a) RCP4.5 (b) Change Ratio
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Fig. 3 (a, c¢) Estimates of the decadal internal variability (V) of global surface air temperature (units: °C) under the RCP4.5 scenario and (b, d)

change ratios of internal variability (/) between RCP4.5 and RCP8.5 by using (a, b) the polynomial fit method and (c, d) the analysis of variance

method
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Fig. 5 Estimates of the decadal internal variability of global surface air temperature (7, units: °C) from the CESM large ensemble under RCP8.5. (a)

Time series of the internal variability from 2006 to 2094; the dashed line denotes the value averaged over the period 2006-2094; twenty-year average
internal variability patterns for the (b) near-term (2015-2034), (c¢) mid-term (2045-2064), and (d) long-term (2075-2094), respectively
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Fig. 6 Twenty-year average surface air temperature anomalies (relative to 1986-2005, units: °C) of the CMIP5 multi-member mean projected
patterns under RCP8.5 for the (a—c) near-term (2015-2034), (d—f) mid-term (2045-2064), and (g—i) long-term (2075-2094). Ensemble mean changes

exceeding the internal variability by using piControl simulations (left column), the polynomial fit method (middle column), and the analysis of

variance method (right column) is regarded as significant, as denoted in stipple
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Table 2 Comparison of estimated internal variability of

near-surface air temperature over China
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Fig. 7 Time of emergence (TOE) of surface air temperature when a significant epoch difference response relative to 1986-2005 appears from the

CMIP5 multi-model ensemble (left column) and the CESM large ensemble (right column) by using (a, b) piControl simualtions, (c, d) the polynomial

fit method and (e, f) the analysis of variance method.
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Fig. 8 Simulated and observed average annual mean surface air temperature anomalies for China from 1950 to 2099. All temperatures are shown as
anomalies with respect to 1961-1990. (a) Runs are shown from the 37 CMIP5 models under historical forcings (gray) and 2 different Representation
Concentration Pathways (RCPs): RCP8.5 (red) and RCP4.5 (blue). The multi-model mean is shown with thick colored lines, and the observation is
shown as the thick black line. (b) The same as (a), but for the CESM large ensemble. The figure shows historical and RCP8.5 scenario runs from 40
members, and the RCP4.5 scenario runs from 15 members. (¢c) The importance of internal variability in decadal mean surface air temperature
projections is shown by the fractional uncertainty (internal variability divided by the mean prediction) over the period 2006-2099. Black, gray, and
blue lines represent different methods for estimating the internal variability with CMIPS data. The smaller plot added to the main plot denotes the

time series of the internal variability calculated from the CESM large ensemble (orange line, units: °C)
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Table 3 Influence of the number of CMIPS models on
the estimated internal variability
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