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1.SM Framing and Context Supplementary Material

This Supplementary Materigirovides technical details of the calculations behind the figures in the
chapter, as well as some supporting figures provided for sensitivity analysis or to provide support to
the main assessment.
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1.SM.1 Supporting material for Figure 1.1

Externallyforced warming is calculated for the Cowtan & W&pwtan and Way, 2014)ataset at
every location and for each season as guié 1.3. The season with the greatest exterhabed

warming at every location (averaged over the 2B08B5 period) is selected to give the colour of the
dots at that grid box.

Figure 1.SM.1shows the season of maximum warming in eachigpidused in Figure 1.1, while
Figure 1.SM.Zhows the warming to 20a8)15 in the season that has warmed the least.

Season of greatest warmin

DJF MAM JJA SON
Season

Figure 1.SM.1 Season of greatest humenduced warming over 2088015 relative to 18512900 for the data
shown in Figure 1.1.
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Warming to the decade 2006-2015 in least strongly warming season
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Figure 1.SM.2 As for Figure 1.1 but with scatter points coloured by warming in the season with least warming
over the 200&015 period.

Population data is taken froboxseyWhitfield et al. (2015For 2010. The nmber of scatter points
shown in each k1 grid box is directly proportional to the population count in the-go#, with a
maximum number of scatter points in a single 4pick associated with the maximum population

count in the dataset. For gilixes with (norzero) population counts that drelow the population
threshold consistent with just a single scatter point (approximately 650,000), the probability that a
single scatter point is plotted reduces from unity towards zero with decreasing population in-the grid
boxto give an accurate visuahpression of population distribution

The SDG Global Index Score is a quantitative measure of progress towards the 17 sustainable
development goal&Sachs et al., 2017The goals crossut the three dimensions of sustadle
development environmental sustainability, economic growth, and social inclusion. It has a range of
0-100, 100 corresponding to all SDGs being métrsions of Figure 1.1 using the HadCRUT4,

NOAA and GISTEMP temperature datasets are shoviaigiure 1.SM.3, Figure $M.4 and Figure
1.SM.5respectively.
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Warming to the decade 2006-2015 in most strongly warming season
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Figure 1.SM.3 As for Figure 1.1 but using the HadCRUT4 temperature dataset.
Warming to the decade 2006-2015 in most strongly warming season
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Figure 1.SM.4 As for Figure 1.1 but using the NOAA temperature dataset.
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Warming to the decade 2006-2015 in most strongly warming season
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Figure 1.SM.5 As for Figure 1.1 but using the GISTEMP temperature dataset.

1.SM.2 Supporting material for Figure 1.2

Observational datased inFigure 1.2aretaken from the Met Office Hadley Centre
(http://www.metoffice.gov.uk/hadobs/hadcruidMational Oceanic and Atmospheric Administration
(NOAA) (https://www.ncdc.noaa.gov/datecess/marineocealata/noaaylobalsurfacetemperature
noaaglobaltemp) NASAOG6s Goddar dStutlies §tipd:/Hatatgies.ndisa.gov/gBierapt) e
and the Cowtan & Way dataséttf://www-

users.york.ac.uk/~kdc3/papers/crage2013/series.htiThe GISTEMP and NOAA observational
products (which begin in 1880) are expressed relative t0-1880 by assigning these datasets the
same anomaly as HadCRUT4 for the mean of the-28307 period. All available data is used,

throught o t he end of 2017, for all datasets. The gr.
minimum and maximum monthinean anomaly across these four temperature datasets for the month
in question.

CMIP5 multrmodel means, light blue dashed (full field s air temperature) and solid (masked

and blended as i@owtan et al. (201%)are expressed relative to a 186880 base period and then
expressed relative to tHi8501900 reference period using the anomaly between the periods in the
HadCRUT4 produc{0.02°C) Model datearetaken fromRichardson et al. (2018pnly RCP8.5

rlilpl ensemble members are used with only one ensemble member per model for calculating the
mean lines in this figure.

The pink AHol oceneodo shading is deri Marabttetal,om t he
(2013)(expressed relative to 188@00 using the HadCRUT4 anomaly between this reference period

and the 196D0 base period of the data). The vertical extent of the solid shading is determined by the
maximum and minimon temperature anomalies in the dataset in the period beforeN 8Bttt et al.
(2013)report data with a periodicity of 20 years, so the variability shown by the solid pink shading is

not directly comparable to the higher fregay variability seen in the observational products which

are reported every month), but this Holocene range can be compared to the emerging signal of
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humaninduced warming. Above and below the maximum and minimum temperature anomalies from
Marcott et al. (2013bhe pink shading fades out to after a magnitude of warming that is equal to the
standard deviation of monthly temperature anomalies in the HadCRUT4 dataset over the pre
industrial reference period of 188®@00, and as sudhis faded shadindoes nobound all monthly
anomalies in the prmdustrial reference period.

Near term predictions from IPGERS5 (Kirtman et al., 2013)for the period 2012035 were

estmated to bdikely (>66% probability) between 0.8 and 0.7C above the 1988005 average,
assuming no climatically significant future volcanic eruptions. These are expressed relative to pre
industrial using theipdated).63 C warming to the 1988005 peiod (Section 1.2.1).

Humaninduced temperature change (thick yellow line) and {biainan+natural) externaHprced
temperature change (thick orange line) are estimated using the methadstéin et al. (2017)
applied to the 4lataset mearBestestimate historical radiative forcings, extended until the end of
2016, are taken fromyhre et al. (2013)incorporating the significant revisioa the methane forcing
proposed by¥tminan et al. (2016)The 2box thermal impulseesponse model usedhfyhre et al.
(2013) with modified thermal response tirseales to match the multiodel mean fym Geoffroy et
al. (2013) is used to derive the shape to the global mean temperagponse timeseries to total
anthropogenic andatural €combined volcanic and so)dorcing. Both of these timeseries are
expressed as anomalies relative to their simulb88@1900averages and then used as independent
regressors in a multiariate Inear regression to derigealingfactors on the two timeseries that
minimise the residual between the combined forced response and thdatagtt observational
mean. The transparent shading around the thick yellow line indibatidsely rangein atributed
humaninduced warmingonservatively assessed at +20%. Note that the correspdikaiygange of
+0.1 C uncertainty in the 0. bestestimate anthropogenic warming trend ober1951-2010

period assessed Bindoff et al. (2013xorresponds to a smaller fractional uncertainty (£14%): the
broader range reflects greater uncertainty in ea@htury warming

The vertical extst of the 19862005cross denotes the®b% observational uncertainty range of
+0.06 C (see Table 1.1)yhile that of the20062015 cross denate¢he assessdikely uncertainty
rangeof +0.12 C (Section 1.2.1).

To provide a methodologically independeheck on the attribution of humamduced warming since

the 19" century (quantitative attribution results quoted in AR5 being primarily focussed on the period
1951-2010),Figure 1.SM.&hows a recalculation of the resultsRibes and Terray (2013yjgure

1.SM.], applied to the CMIP5 multhodel mean response. Details of the calculatioprereided in

the original paper. In order to quantify the level of husimatuced warming since the late'19

century, observations of GMST are regressed onto the model responses to eitheomigt(IaT)

or anthropogenionly (ANT) forcings, consistent with many attribution studissessed in AR5

Prior to this analysis, model outputs are-precessed in der to ensure consistency with

observations: spatial resolution is lowered to 5°, the spatnporal observational mask is applied,

and all missing data are set to 0. Global and decadal averages-sfiriaee temperature are

calculated over the 19€2010 period (11 decades), and translated into anomalies by subtracting the
mean over the entire period (192@10). Multrmodel mean response patterns are calculated over a
subset of 7 CMIP5 models providing at least 4 historical simulations and 3 hiskoAiCabnly
simulations, all covering the 192010 period. The regression analysis indicates how these multi
model mean responses have to be rescaled in order to best fit observations, accounting for internal
variability in both observations and model resgpes, but neglecting observational uncertainty.

Almost no rescaling is needed for ANT (regression coefficient: 1.05 £0.18), while the NAT simulated
response is revised downward (regression coefficient: 0.28+0.49). The resulting estimate of the total
exterrally forced response is very close to observations (Fitp8#®1.6. The ANT regression

coefficient can then be used to assess the himdaiced warming over a longer period. Estimated in
this way, the humainduced linear warming trend 182012 is foundo be 0.86°C+0.14°C.

Do Not Cite, Quote or Distribute 1SM-7 Total pages23



Approval Session Chapterl i Supplementary Material IPCC SR1.5

- 0.6

o

> 0.4 +

«

:

o 0.2 9

«

[}

=

2 0] —

©

1

2,

g -0.2 4

3}

=

-0.4 T T T T T T T T T T
1900 1920 1940 1960 1980 2000

Time (decades)

Figure 1.SM.6G Contributions of natural (NAT) and anthropogenic (ANT) forcitgshanges in GMST over

the period 190R2010. Decadal timseries of GMST in HadCRUT4 observations (solid black), from multi

model mean response without any rescaling (dotted cyan), and as reconstructed by the linear regression (dotted
black). The estimat contributions of NAT forcings only (solid blue) and anthropogenic forcing only (solid

red) correspond to the CMIP5 muitiodel mean response to these forcings, after rescaling. All temperatures are
anomalies with respect to the 192210 average, aft@re-processing (missing data treated as 0). Vertices are
plotted at the mighoint of the corresponding decade.

To quantify the potential impact of natural (externdtlyced or internallygenerated) variability on
decadalmean temperatures in 20R2615,Figure 1.SM./&hows an estimate of the observed warming
rate, corrected for the effects of natural variability according to the methHemstdr and Rahmstorf,
(2011)applied to the average of the four observational datasets used in this report, updated to the end
of 2017. The grey line shows the raw monthly GMST observations (with shading showing inter
dataset range), while the green shows the sum of the lineapttenestimated known sources of
variability, such as El Nifio events or volcanic eruptions, estimated using an empirical regression
model. The orange line shows the linear trend, after correcting for the impact of these known sources
of variability, of 0.18C per decade, while the two black lines show the recent reference periods used
in this report. For comparison, the AR5 né&aim predicted warming rate of 6037°C over 30 years
(Kirtman et al, 2013) is shown as the pale blue plume.

The blue line in théower panel shows residual fluctuations that cannot be attributed to known

sources or modes of variability, reflecting internalgnerated chaotic weather variability (the

difference between grey and green lines in the top panel). The green lineassigieptly below the

yellow line, nor is the blue line persistently negative, over the period-2008. There is a downward
excursion in the residual -¥BuandestphgeEaNSOecaobphasear i abi |
event in 2011, but even togetlikese depress the decadal average by only a couple of hundredths of

a degree.
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Figure 1.SM.7 Warming and warming rate 192917. The solid grey line shows the average of the
four observational datasets used in #gsessment report with the observational range shown by grey
shading. The yellow line shows the linear trend through the observational data, corrected for the
effects of known sources of natural variability (green line). The blue shading indicates thatgvar
rates compatible with the IPGER5 nearterm projections. The lower panel shows the residual
unexplained variability (difference between grey and green lines in upper aiieeBccounting for
known sourcesincluding ENSO, solar variability analcanic activity

1.SM.3 Supporting material for Figure 1.3

Regional warming shown in Figure 1.3 is derived using a similar method to the calculation of
externallyforced warming in Figure 1.2. At every grid box location inthéve Cowtan & Way

resolution, the timeseries of local temperature anomalies in the Cowtan & Way dataset are regressed
onto the associated externaftyrced warming timeseries, calculated as in Figure 1.1 using all

available historical monthlynean anomés. The besfit relationship between these two quantities is
then used to estimate the forced warming relative to-1800 at this location. The maps in Figure

1.3 show the average of these estimated local forced warming timeseries over tB6ZDp@iod.

Trends are only plotted only where over 50% of the entire observational record at this location is
available.

Supplementary maps are included below for the NOAA, GISTEMP and HadCRUT4 observational
data. The regression of local temperature anomatigsthe global mean externafigrced warming,
allows warming to be expressed relative to 28900 despitenany local series in these datasets
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beginning after 1900, but clearly these inferred cenrtiong-scale warming levels are subject to a
lower confdence level than theorrespondingylobal values

Regional warming in the decade 2006-2015 relative to preindustrial
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Figure 1.SM.8 Externallyforced warming for the average of 262615 relative to 1850900 calculated for
the NOAA observational dataset as for Figure 1.3.
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Figure 1.SM.9 Externallyforced warming for the average of 26815 relative to 1850900
calculated for the GISTEMP observational dataset as for Figure 1.3.
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