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Figure S1. Global annual timeseries for temperature for the nine CMIPS5 models and HadGEM3-A, using a climatology period of 1976-
2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and historical GHG
ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured shading. The
right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three experiments for the
early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown matching the temporal
coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the model, then the trend is
marked with a cross rather than circle.
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Figure S2. Northern Hemisphere annual timeseries for temperature for the nine CMIP5 models and HadGEM3-A, using a climatology
period of 1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and
historical GHG ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured
shading. The right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three
experiments for the early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown
matching the temporal coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the
model, then the trend is marked with a cross rather than circle.
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Figure S3. Tropical annual timeseries for temperature for the nine CMIP5 models and HadGEM3-A, using a climatology period of 1976-
2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and historical GHG
ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured shading. The
right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three experiments for the
early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown matching the temporal
coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the model, then the trend is
marked with a cross rather than circle.
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Figure S4. Southern Hemisphere annual timeseries for temperature for the nine CMIP5 models and HadGEM3-A,

model, then the trend is marked with a cross rather than circle.

using a climatology
period of 1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and
historical GHG ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured
shading. The right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three
experiments for the early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown
matching the temporal coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the
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Figure S5. Global monthly timeseries for temperature for the nine CMIP5 models and HadGEM3-A, using a climatology period of 1976-
2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and historical GHG en-
semble members by the purple, green and orange lines respectively. The right-hand panels show the values of the linear trends for HadISDH,
ERA-Interim and the ensemble averages of all three experiments for the early (1973-1994), late (1995-2015) and full periods. For the late
and full period panels, the HadISDH trend is shown matching the temporal coverage of the historical model (circle) and its full coverage
(cross). If there is only one ensemble member for the model, then the trend is marked with a cross rather than circle.
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Figure S6. Temperature climatologies of the CMIP5 models at the gridbox scale. All climatologies have been calculated over the 1981 to
2010 period using identical spatio-temporal coverage to HadISDH.
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Figure S7. Climatological differences between models and observations at the gridbox scale for temperature. All climatologies have been
calculated over the 1981 to 2010 period using identical spatio-temporal coverage to HadISDH.



Air Temperature CanESM2 (historical, ensemble mean trend) Air Temperature CNRM-CM5 (historical, ensemble mean trend)
= ¥ % 3

Air Temperature IPSL-CM5A-LR (historical, ensemble mean trend)
e = - =

-1.0 -06 -04 02 -01 0.1 0.2 0.4 0.6 10 -1.0 -06 -04 02 -01 0.1 02 0.4 0.6 1.0
deg C/10yr deg C/10yr

Figure S8. Linear trends of the CMIP5 models at the gridbox scale for temperature. All trends have been calculated using the median of
pairwise slopes method, with identical spatio-temporal coverage to HadISDH.
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Figure S9. Linear trend differences of the CMIP5 models from the observations at the gridbox scale for temperature. All trends have been
calculated using the median of pairwise slopes method, with identical spatio-temporal coverage to HadISDH.
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Figure S10. Global annual timeseries for relative humidity for the nine CMIPS5 models and HadGEM3-A, using a climatology period of
1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and historical GHG
ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured shading. The
right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three experiments for the
early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown matching the temporal
coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the model, then the trend is
marked with a cross rather than circle.
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Figure S11. Northern Hemisphere annual timeseries for relative humidity for the nine CMIP5 models and HadGEM3-A, using a climatology
period of 1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and
historical GHG ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured
shading. The right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three
experiments for the early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown
matching the temporal coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the
model, then the trend is marked with a cross rather than circle.



g
5
=

CanESM2 CNRM-CM5 10
_ T )
£ os S £ o5 8
£ os 8 & 05 3
B £ 3 £
13 2 E 2
s oo s oo
2 5 g ©
< 5 < 5
: ﬂ,ll Ill bloo & 3 11861 21917 agfloo
2 ! AT ke 2 8 : LT
E -05 i 5 E-os i 5
E | E 2 | E
@ i 2 @ i E
3 4 05y B ! 052
3 -10 ' 2 5-10 I =1
< | : ¢ : 3
| & | | &
| 1 | 1
-15 - - 1.0 -15 - - 1.0
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
— HadiSDH ~ — historicalGHG ~ — historical 1973 1996 1973 — HadiSDH ~ — historicalGHG ~ — historical 1973 1996 1973
— ERAI — historicalNat 1095 2005 2015 — ERAI — historicalNat 1095 2005 2015
L CSIRO-V\‘/II(B-G-U 10 ) 1 GISS-E2-H 10
g g
€ os I £ 05 I
3 os & B o5 &
H £ 3 £
£ 2k 2
S oo S s P
3 il e T :
2z ! ‘*oo s 2 T {opd a9ejo0 5
] ] 1T z 3 i z
E -05 } -1 E 05 / } bt
: : 3 ! 2
2 | y 050 3 . —052
£ e i z = ' 2
& I\ | T 5 g ' 5
! el ' €
1 1
0 L ¥ . o
70 1980 199 2000 2010 70 1980 1 2000 2010
— HadiSDH ~ — historicalGHG ~ — historical 1373 1996 1973 — HadiSDH ~ — historicalGHG ~ — historical 1373 1996 1973
— ERAI — historicalNat 1095 2005 2015 — ERAI — historicalNat 1695 2005 2015
L . GISS-‘EZ-R 10 @ 1 HadGE‘MZ-ES 10
: \
f o H
o \ T\ § g Sos g
2 Yy ot s & ¥ 05 &
= 3 = 3
g g £ g
; 0.0 v .g ; 0.0 l .g
> (]l o Taloo & 3 [ 0ylo0 2
g \ ‘ e . e g
E -05 'y A } b3 E -05 -]
T i | ‘ 53 5
2 A 1 T ¢ A I
s | ' 4 A -059 k=1 / p -059
B | | | B v 2 i | | =3
_ v = E \ y 2
310 \ / ' \ g 3-of |\ i H
v : \ 2 : E
7o 1980 1990 2000 2010 ° B T T R T N TT) 0
— HadiSDH ~ — historicalGHG ~ — historical 1373 1996 1973 — HadiSDH ~ — historicalGHG ~ — historical 1373 1996 1973
— ERAI — historicalNat 1695 2005 2095 — ERAI — historicalNat 1695 2005 2035
1 !PSL—CI“ASA-LR 10 e 1. NOrES‘Ml-M 10
g g
S g Sos g
= 05 & = o5 &
z £ 2 £
£ 2 E f g
s oo s oo
c ° c 3 Ny °
z 2 g l ; 2
: 1Ll e el 8 2 I Tlg +1éloo 2
5 0 o[ witee z = I A
E -05 + E E -0s + E
: : s 3 :
2 1 T 3 z
2 4 -059 2 -059
210 ' 2 §-10 =
g ' 5 g &
1 ] ]
' & &
i i
&7 1980 BEC R 2010 Lo 7 1980 %0 2000 2010 Lo
— HadiSDH  — historicaiGHG ~ — historical 1973 1996 1973 — HadiSDH ~ — historicaiGHG ~ — historical 1973 1996 1973
— ERAI — historicalNat 1095 2035 2035 — ERAI — historicalNat 1095 2035 2035
1 bcc':srr‘\lrl 10 " 1 _ HadGEM2-ES vg HadGEM3-A 10
E} g
€ os g £ o5 M
2 os & 2 05 3
> g = 2
£ [ 2 B 2
o 00 g o 00 =
2 ] 5 2 5
< s < + S
< Ik} + Il 2 3 16| ¢ g
] | 1 i z = I 1 Aadi Y
E 05 b b3 E 05 g + h<]
z E b i E
i 2 ! 2
N A E R ' 02
2- ' 5 27 ' 8
1 s 1 s
| 1 | i
-15 - - -1.0 -15 - - -1.0
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
— HadiSDH ~ — historicalGHG ~ — historical 1973 1996 1973 — HadiSDH ~— HadGEM2-ES 1973 1996 1973
— ERAI — historicalNat 15 s reas — ERAI — HadGEM3-A 105 s reas

Figure S12. Tropical annual timeseries for relative humidity for the nine CMIP5 models and HadGEM3-A, using a climatology period of
1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and historical GHG
ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured shading. The
right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three experiments for the
early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown matching the temporal
coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the model, then the trend is
marked with a cross rather than circle.
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Figure S13. Southern Hemisphere annual timeseries for relative humidity for the nine CMIP5 models and HadGEM3-A, using a climatology
period of 1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and
historical GHG ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured
shading. The right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three
experiments for the early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown
matching the temporal coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the
model, then the trend is marked with a cross rather than circle.
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Figure S14. Global annual timeseries for relative humidity for the nine CMIPS5 models and HadGEM3-A, using a climatology period of
1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and historical-
GHG ensemble members by the purple, green and orange lines respectively. The right-hand panels show the values of the linear trends for
HadISDH, ERA-Interim and the ensemble averages of all three experiments for the early (1973-1994), late (1995-2015) and full periods.
For the late and full period panels, the HadISDH trend is shown matching the temporal coverage of the historical model (circle) and its full
coverage (cross). If there is only one ensemble member for the model, then the trend is marked with a cross rather than circle.
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Figure S15. Relative humidity climatologies of the CMIP5 models at the gridbox scale. All climatologies have been calculated over the

1981 to 2010 period using identical spatio-temporal coverage to HadISDH.
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Figure S16. Climatological differences between models and observations at the gridbox scale for relative humidity. All climatologies have
been calculated over the 1981 to 2010 period using identical spatio-temporal coverage to HadISDH.
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Figure S17. Linear trends of the CMIP5 models at the gridbox scale for relative humidity. All trends have been calculated using the median
of pairwise slopes method, with identical spatio-temporal coverage to HadISDH.
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Figure S18. Linear trend differences of the CMIP5 models from the observations at the gridbox scale for relative humidity. All trends have
been calculated using the median of pairwise slopes method, with identical spatio-temporal coverage to HadISDH.
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Figure S19. Relationships in global average temperature and relative humidity for CMIPS5 models compared to HadISDH and ERA-Interim.
Correlations (r) are shown in the top left hand corner. The gradient of the line of best fit is given in the bottom right hand corner. HadISDH
is shown in black. ERA-Interim is shown in magenta. Historical, historicalNAT and historical GHG are shown in purple, green and orange
respectively. The ensemble mean value is given for each model with individual member values in parentheses. Values in square brackets are
calculated using data matched to the coverage of ERA-Interim, for both HadISDH and HadGEM3-A.
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Figure S20. Relationships in Northern Hemisphere average temperature and relative humidity for CMIP5 models compared to HadISDH
and ERA-Interim. Correlations (r) are shown in the top left hand corner. The gradient of the line of best fit is given in the bottom right hand
corner. HadISDH is shown in black. ERA-Interim is shown in magenta. Historical, historicalNAT and historical GHG are shown in purple,
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Figure S21. Relationships in tropical average temperature and relative humidity for CMIP5 models compared to HadISDH and ERA-
Interim. Correlations (r) are shown in the top left hand corner. The gradient of the line of best fit is given in the bottom right hand corner.
HadISDH is shown in black. ERA-Interim is shown in magenta. Historical, historicalNAT and historical GHG are shown in purple, green
and orange respectively. The ensemble mean value is given for each model with individual member values in parentheses. Values in square
brackets are calculated using data matched to the coverage of ERA-Interim, for both HadISDH and HadGEM3-A.
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Figure S22. Relationships in Southern Hemisphere average temperature and relative humidity for CMIP5 models compared to HadISDH
and ERA-Interim. Correlations (r) are shown in the top left hand corner. The gradient of the line of best fit is given in the bottom right hand
corner. HadISDH is shown in black. ERA-Interim is shown in magenta. Historical, historicalNAT and historical GHG are shown in purple,
green and orange respectively. The ensemble mean value is given for each model with individual member values in parentheses. Values in
square brackets are calculated using data matched to the coverage of ERA-Interim, for both HadISDH and HadGEM3-A.
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Figure S23. Temperature-relative humidity relationship, with the relative humidity anomaly as the colour scale, with the years as the points.
The four zonal regions used in this analysis are shown in the four panels.
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Figure S24. Global annual timeseries for specific humidity for the nine CMIP5 models and HadGEM3-A, using a climatology period of
1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and historical GHG
ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured shading. The
right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three experiments for the
early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown matching the temporal
coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the model, then the trend is
marked with a cross rather than circle.
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Figure S25. Northern Hemisphere annual timeseries for specific humidity for the nine CMIP5 models and HadGEM3-A, using a climatology
period of 1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and
historical GHG ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured
shading. The right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three
experiments for the early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown
matching the temporal coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the
model, then the trend is marked with a cross rather than circle.



@ os Cansu? FTTT 3 s B o FRRED s
¢ T T
=3 0.2 g =3 0.2 g
g S 2 oa S
El 3 @ °4 2
> 5 > 5
© 01 X © 01 <
£ & £, 2
s s
s -
< | $lo® oo
z 5 2z 1 ¢ 5
3 > B z
E =] E oo =]
I 01§ T 01§
2 T =2 T
£ ¢ 5 &
3 £ 8, £
& 02 f& & —uzg
I y | BN .3 . I 3
1970 1980 1990 2000 2010 1970 1980 1990 2000 2010
— HadiSDH ~ — historicalGHG ~ — historical 1973 1996 1973 — HadiSDH ~ — historicalGHG ~ — historical 1973 1996 1973
0 to to to to
— ERAI — historicalNat 1695 2015 2015 — ERAI — historicalNat 1695 2015 2015
06 CSIRO-V\‘/II(B-‘G-U | 3 ©) o6 GISS-‘EZJ‘% 3
Lo | 1
: 02 8 : o g
2 o i g 2o ! $ sy 2
El | 4 g s | bee £
> K o > K I3
© ! 01 < © ! 01 <
£ I 2 £ \ 2
s 02 i ® = s 02 ! ; <
< I ] < ]
2z 5 2z 5
5 2 k=1 2z
; 0.0 5 ; 0.0 5
2 01E 2 -01§
o I 2 I
g £ 3 ¢
-0.2 "] -0.2 kv
g s & S
& 2% 8 02§
7 e 1950 2000 210 3 70 1550 1950 2000 2010 3
— HadiSDH ~ — historicalNat ~ — historical 1373 1996 1973 — HadiSDH ~ — historicalGHG ~ — historical 1373 1996 1973
— ERA 1995 2015 2015 — ERAd — historicalNat 1995 2015 2015
06 GISS-‘EZ-I‘K 3 (d) o6 HadGE‘MZ-‘ES 3
‘ +
K 0.2 + 0.2
9 ; . } .
| ! ¢
i ¥ + 0.1 % 0.1
02 I . I |+ {

Specific Humidity Anomaly (g/kg)
5
{ g
Specific Humidity trend (g/kg/decade)
Specific Humidity Anomaly (g/kg)
Specific Humidity trend (g/kg/decade)

s
=

0 1950 1990 2000 2010 1570 1950 1990 2000 2010
— HadiSDH ~ — historicalGHG ~ — historical 1373 1996 1973 — HadiSDH ~ — historicalGHG ~ — historical 1373 1996 1973
— ERAI — historicalNat 1005 2015 2015 — ERAI — historicalNat 1005 2015 2015
06 IPSL-CI“ASA-'LR : 1 3 @ o6 NanS‘Ml-'M 3
*4. 8 e
g os g 2os % g
2 g 2 o g
> 5 > S
> o1 € 3 i o1 %
g 02 5 g 02 =
c =2 c 2
< * 5 < | g
> 0 & » 00 5
z z = z
g 0.0 b=} g 0.0 b=}
z 1 2 -01§
2 T 2 ==
5 © 5 =
g -02 5 2 02 5
& 028 & 028
& &
1970 I 9 2000 2010 w3 b7 1980 9 2000 2010 w3
— HadiSDH  — historicaiGHG ~ — historical 1973 1996 1973 — HadiSDH ~ — historicaiGHG ~ — historical 1973 1996 1973
— ERAI — historicalNat 1005 2015 2015 — ERAI — historicalNat 1005 2015 2015
06 beccsmi-1 R 0 o0s HadGEM2-ES vs HadGEM3-A R
+ 0.2 "g 0.2 ;’6
2 o4 } g 2 M
El | ] g
> k) > k)
e o1 £ 3 o1 5
g 02 I = g } =
g c g c
5 g 3 2
s > 3 | >
E 00 bt £ 3
5 5
2 -0 15 H ’“‘E
= [ = [
[ —0.23 [ »0.23
& &
b7 T80 5 00 2010 w03 1970 1980 1990 2000 2010 w03
— HadiSDH ~ — historicalGHG ~ — historical 1973 1996 1973 — HadiSDH ~— HadGEM2-ES 1973 1996 1973
— ERAI — historicalNat 1005 2015 2005 — ERAI — HadGEM3-A 1005 2005 2005

Figure S26. Tropical annual timeseries for specific humidity for the nine CMIP5 models and HadGEM3-A, using a climatology period of
1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and historical GHG
ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured shading. The
right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three experiments for the
early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown matching the temporal
coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the model, then the trend is
marked with a cross rather than circle.
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Figure S27. Southern Hemisphere annual timeseries for specific humidity for the nine CMIP5 models and HadGEM3-A, using a climatology
period of 1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and
historical GHG ensemble averages by the purple, green and orange lines respectively. The uncertainty ranges are shown using the coloured
shading. The right-hand panels show the values of the linear trends for HadISDH, ERA-Interim and the ensemble averages of all three
experiments for the early (1973-1994), late (1995-2015) and full periods. For the late and full period panels, the HadISDH trend is shown
matching the temporal coverage of the historical model (circle) and its full coverage (cross). If there is only one ensemble member for the
model, then the trend is marked with a cross rather than circle.
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Figure S28. Global monthly timeseries for specific humidity for the nine CMIP5 models and HadGEM3-A, using a climatology period of
1976-2005. HadISDH is shown by the thick black line, ERA-Interim by the magenta line and the historical, historicalNat and historical GHG
ensemble members by the purple, green and orange lines respectively. he right-hand panels show the values of the linear trends for HadISDH,
ERA-Interim and the ensemble averages of all three experiments for the early (1973-1994), late (1995-2015) and full periods. For the late
and full period panels, the HadISDH trend is shown matching the temporal coverage of the historical model (circle) and its full coverage
(cross). If there is only one ensemble member for the model, then the trend is marked with a cross rather than circle.
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Figure S29. Specific humidity climatologies of the CMIP5 models at the gridbox scale. All climatologies have been calculated over the
1981 to 2010 period using identical spatio-temporal coverage to HadISDH.



Specific Humidity CanESM2 - HadISDH (historical, ensemble mean) Specific Humidity CNRM-CM5 - HadISDH

(historical, ensemble mean)

Specific Humidity CSIRO-Mk3-6-0 - HadISDH (historical, ensemble mean)

Specific Humidity bcc-csm1-1 - HadISDH (historical, ensemble mean) (k) Specific Humidity HadGEM3-A - HadISDH (ensemble mean)

0

-50 -40 -3.0 -20 -10 -05 0.5 1.0 2.0 3.0 4.0 5.0 -50 -40 -30 -20 -10 -05 0.5 10 2.0 3.0 4.0 5.0

grkg g/kg

Figure S30. Climatological differences between models and observations at the gridbox scale for specific humidity. All climatologies have
been calculated over the 1981 to 2010 period using identical spatio-temporal coverage to HadISDH.
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Figure S31. Linear trends of the CMIP5 models at the gridbox scale for specific humidity. All trends have been calculated using the median
of pairwise slopes method, with identical spatio-temporal coverage to HadISDH.
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Figure S32. Linear trend differences of the CMIP5 models from the observations at the gridbox scale for specific humidity. All trends have
been calculated using the median of pairwise slopes method, with identical spatio-temporal coverage to HadISDH.
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Figure S33. Relationships in global average temperature and specific humidity for CMIP5 models compared to HadISDH and ERA-Interim.
Correlations (r) are shown in the top left hand corner. The gradient of the line of best fit is given in the bottom right hand corner. HadISDH
is shown in black. ERA-Interim is shown in magenta. Historical, historicalNAT and historical GHG are shown in purple, green and orange
respectively. The ensemble mean value is given for each model with individual member values in parentheses. Values in square brackets are
calculated using data matched to the coverage of ERA-Interim, for both HadISDH and HadGEM3-A.
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Figure S34. Relationships in Northern Hemisphere average temperature and specific humidity for CMIP5 models compared to HadISDH
and ERA-Interim. Correlations (r) are shown in the top left hand corner. The gradient of the line of best fit is given in the bottom right hand
corner. HadISDH is shown in black. ERA-Interim is shown in magenta. Historical, historicalNAT and historical GHG are shown in purple,
green and orange respectively. The ensemble mean value is given for each model with individual member values in parentheses. Values in
square brackets are calculated using data matched to the coverage of ERA-Interim, for both HadISDH and HadGEM3-A.
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Figure S35. Relationships in tropical average temperature and specific humidity for CMIP5 models compared to HadISDH and ERA-
Interim. Correlations (r) are shown in the top left hand corner. The gradient of the line of best fit is given in the bottom right hand corner.
HadISDH is shown in black. ERA-Interim is shown in magenta. Historical, historicalNAT and historical GHG are shown in purple, green
and orange respectively. The ensemble mean value is given for each model with individual member values in parentheses. Values in square
brackets are calculated using data matched to the coverage of ERA-Interim, for both HadISDH and HadGEM3-A.



(d) (b)
08 CanEsM2 - sH Y 08 CNRM-CMS5 - SH 08 CSIRO-MK3-6-0 - SH
r=0.346 Soe r=0.346 S r=0.346 S
0.045 ;s 0.045 4 r=-0.045 ’
o6 946 (0.94,0.95,0.94, 0.96; 0.94) € on 06 0.803 (0.7, 0.79, 0.86, 0.83{ 0.82, 0.74) 06 ,
797 (0.88, 0.65, 0.82, 0.81; 0.83) o 20, 0.454(049,0.37,0.51,031;0.57, 4%, = r:70074(7007,om,n?g,om‘og» ,
04f r=0939(096,0.92 0.92,096;0.94) - 04 ©=0777(0.80,0.85,0.68, 0.80; 0.73.8.2418 76a0.88, 0.78, 0.72) 04f r=0297(0.25,0.28, 0.06, 0.39; 0.0 0.52, 0.43, 031, 0.41, 0.46)
g e Ve f
— 02 ~ 02 ~ 02
5 Gl 3
g E g
= = =
£ 00 £ 00f 4 £ 00f 1
s s s
5 5 5
S -02 . S -02 S 02
AL m=0177 o m=0177 m=0177
-04 . '1-5’n . m=-0.075 -0.4 e -0.075 -0.4 m=-0.075
a 7® m=0.506(0.62 060,057, 0.65,0.59) uf .496 (0.50, 0.50, 0.46, 0.50, 0.56, 0.46) . °
o6 ./ m=0216(0.42,0.33,0.43, 0.45, 0.46) 06 ,/m =0.292 (.38, 0.22, 0.23, 0.17, 0.46, 0.28) o6 ,/ m=-0.073(-0.02,0.01,0.42,:0.15, 0.24)
. m = 0.502 ( 0.66, 0.55, 0.58, 0.65, 0.57) “I'm = 0.500 ( 0.53, 048, 0.45, 0.58, D.49, 0.44, 0.51, 0.58, 0.47, 0.47) “['m =0.202 (0.15, 021, 0.06, 0.20,0.03, 0.41, 0.30, 0.20, 0.30, 0.20)
/l // r/
-08 - -08 -038 -
-15 -10 -05 0.0 05 10 15 <15 -10 -05 0.0 05 10 15 -15 -10 -05 0.0 05 10 15
T-anom (C) T-anom (C) T-anom (C)
(f) (h)
08 GISS-E2-H - SH 08 GISS-E2-R - SH 08 HadGEM2-ES - SH
L, 0.346 S r=0.346 S
06 a 06 0.085 S 06| r=-0.045 g
[ r=0.560(0.57,0.58, 0.50, 0.61; 0.54) . [ r=0543(0.48, 0.60, 0.51, 0.55; 0.57) , [ r=0.857(0.91,087,0.80, 0.84} AN
0.071 (-0.19, 0.06,-0.11,-0.04,-0.07)° o, 0.079(0.12,0.01,036,0.01-0%8) r=0.328 (0.29, 0.32, 0.44, 0.26} /g .
04| r=0526(048,054, 045,054 052%.68) 04| r=0.521(0.54,0.55, 0.48, 0.44; 0.45 B85 04} r=0727(0.81,0.66,0.83,0.61) 0%
v 008 ol ® ol
S
~ 02 — 02 — 02
5 Gl E
g g g
) ) 2
£ 1 £ 4 £ ool J
s s 5
2 2 2
s g L
S -02 S 02 02
m=0.177 8 m=0177 m=0177
-0.4 o m =-0.075 -0.4 o 1 ° m=-0.075 0.4 m =-0.075
/7 m=0.349(0.27,0.30, 0.39, 0.38, 0.37) /' m =0.339 (0.25, 0.44, 0.29, 0.37, 0.35) P m = 0.533 (0.63, 0.63, 0.45, 0.42)
o6 ,/ m=-0.056(-0.09,0.050.13,0.02,:0.13) 06 ,/ m=-0.012(0.01,0.04, 0.15,0.08,:0.10) 06 . m =0.198 ( 0.19, 0.14, 0.34, 0.13)
: L,/ m=0.374(D.32, 044, 0.40, 0.3, 0.30, 0.43) : ,/ 'm=0.389 (D.33,0.38,0.42, 043, 0.31, 0.46) ’ J m = 0.393 (0.42, 0.39, 0.40, 0.37)
; K K
-08 . -08 -038 .
-15 -10 —05 0.0 05 10 15 -15 -10 ~05 0.0 05 10 15 -15 -10 ~05 0.0 05 10 15
T-anom (C) T-anom (C) T-anom (C)
08 IPSL-CM5A-LR - SH 08 NoreSM1-M - SH 08 bcc'csm‘l—l -SH
K r=0346 S
4 r=-0.045 ’
O8F 10903 (0.88,0.90,0.93) L 06 08F 1 - 0757 K
664 (0.73,0.74,0.52) " r=0.560 ,
04| r=0878(0.94,0.93,083, 085085 , 8 04 041 r=0747(0.73,0.70, 0.81) o
o o3
— 02 ~ 02 ~ 02
5 5 5
g g g
= = =
£ 00 £ 00f 1 £ 00f 1
S s s
2 2 2
[ [ 7
S -02 S -02 S -02
m=0177 m=0177
-04 -0.4 . m=-0.075 -0.4 m =-0.075
S/ m = 0.482 (0.48, 0.4 S m = 0.386 . m = 0553
_06 e m = 0.432 (0.42, 0.58, 0.30) _06 I m = 0.058 _us /| m=0.428
: L, m = 0.500 ( 0.62, 0.43, 0.41, 0.52, 0.52) : S m = 0.600 ( 0.69, 0.64, 0.47) : J m = 0.467 (0.41, 0.4, 0.55)
-08 4 -08 “ -038 : -
-15 -10 -05 0.0 05 10 15 <15 -10 -05 0.0 05 10 15 S15 -10 -05 0.0 05 10 15
T-anom (C) T-anom (C) T-anom (C)
(c)
08 HadGEM3-A - SH
r=0.346 [0.243] ’
06
0.4
= 02
g
)
£ oo} 4
5
2
g
S 02
-0.4 L m=0.177[0.159]
. m=-0.075
m =0.298 [0.283]
-0.6 030, ¢.29, 030, 027, 0.41,0.39, 0.25, 0.38, 0.32, 0.19)
031,.36,0.30,025,042.0.30,019.0.29,0.13,0.21
-08
-15 -10 ~05 0.0 05 10 15

T-anom (C)

Figure S36. Relationships in Southern Hemisphere average temperature and specific humidity for CMIP5 models compared to HadISDH
and ERA-Interim. Correlations (r) are shown in the top left hand corner. The gradient of the line of best fit is given in the bottom right hand
corner. HadISDH is shown in black. ERA-Interim is shown in magenta. Historical, historicalNAT and historical GHG are shown in purple,
green and orange respectively. The ensemble mean value is given for each model with individual member values in parentheses. Values in
square brackets are calculated using data matched to the coverage of ERA-Interim, for both HadISDH and HadGEM3-A.
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Figure S37. Temperature-specific humidity relationship, with the relative humidity anomaly as the colour scale, with the years as the points.
The four zonal regions used in this analysis are shown in the four panels.



