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Sources of decadal predictability

Long term trends
Ongoing response to anthropogenic forcing (>10 yrs)

Short term response to variable forcings
Volcanic eruptions (Pinatubo, El Chichon etc.) (<4 yrs) 
Solar cycle variability (~ 11yr)
Aerosols?
Problem: can these be predicted?

Ocean mode initialization
ENSO related (good skill 6 mon/1yr)
Theoretically some skill to ~10 yrs(?) via AMOC/PDO
Technology maturing but not much demonstrated skill
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Recent multi-model ensemble 
divergence from observations?
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Reasons for divergence?
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“random”, so any probabilistic statements regarding the likelihood 
of this occurring need to be made carefully. Using this de!nition, 
the observed global temperature trend estimates from four datasets 
fall outside the 5–95% interval predicted by the CMIP5 models 
(Figure 1a). Here we explore some of the plausible explanations for 
this discrepancy, and show that no unique explanation is likely to 
fully account for the hiatus.

Is the hiatus an artifact of biases in the observations?
"e horizontal lines in Figure 1a show the 1998–2012 surface 
temperature trend in four di#erent observational datasets. "e 
le$-most vertical bar shows the 5–95% con!dence range for the 
trends in the individual CMIP5 historical simulations, each of 
which have been extended to 2012 using the relevant RCP8.5 
simulation. "e observational trends for the HadCRUT4 (Morice 

et al. 2012), GISTEMP (Hansen et al. 2010), NCDC (Karl et al. 
2015) and Cowtan and Way (2014) datasets lie well below this 
range, but if uncertainty in the trend is included, there is some 
overlap. Recent improved accounting for various biases in land 
and ocean temperature measurements have increased trends over 
those initially estimated, and corrections for Arctic coverage bias 
increase them further (Cowtan and Way 2014; Simmons and Poli 
2014). Accounting for known observational biases has revised 
global mean surface temperature trends upward in recent years, 
reducing the magnitude of the apparent anomaly that was seen 
with previous versions of the products (i.e., HadCRUT3).

Is the trend uncertain due to the short time period?
Fi$een years is a relatively short time period. We might therefore 
expect large uncertainties in 1998-2012 global mean surface 
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Figure 1: a) Estimates of 1998–2012 global mean surface temperature trends. Each vertical line derives from a different estimate (from 
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median TCR, and average model internal variability; iii) as (ii) but with an augmented internal variability; iv) as (ii) but with transient 

climate response (TCR) uncertainty; v) as (ii) but with a strong coupling between the forcing and internal variability; vi) as (ii) but with 
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the hiatus period. b) Histogram of piControl variability in 15-year trends. c) Forcing timeseries from the GISS-E2-R historical simulations 

(gray and black lines) and an update based on more recent analyses (red line). d) Distribution of TCR uncertainty.

Marvel et al (2015)

Range of 1998-2012 trends
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Hindcasts require the forcing history

Historical simulations (1850–2012) with GISS ModelE2 Miller et al (2014)
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Solar cycle predictions?
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Updates to CMIP5 forcings 

Schmidt et al (2014)

Volcanic updates related to 
reprocessing of old data and 
reassessment of post-2000 
stratospheric aerosols
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Post 1950 - w/estimated response to 
updates
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Post 1997...

Estimated
2015
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Evaluation of prior decadal predictions
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Spatial patterns 

GISTEMP Anomaly (2005-2015)
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Can short-term forcing predictions 
improve things?

GHGs
Decadal variations around trend not important 

Volcanoes
To be discussed in next talk
(But next time, let’s not assume background ---> 0)

Solar
1) Needs better projections of solar activity
2) Needs full modeling effort for response:
Even without 1), we can still assess 2)... 

Aerosols
Need better emission datasets (annual/seasonal)
Explicit acknowledgement of uncertainty
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Changes in TSI can directly impact the surface (see
Figure 21), while changes in UV directly impact the
stratosphere, so that indirect stratosphere‐troposphere cou-
pling mechanisms are required for these stratospheric
changes to impact the surface. It is therefore necessary to
distinguish between these mechanisms, in order to deter-
mine which of them is required in climate models to accu-
rately simulate the past, current, and future climate.
[93] Most current climate models include a representation

of TSI variations, but their upper boundary does not extend
sufficiently high to fully resolve the stratosphere, so most do
not include the UV influence. Hence, the primary solar

influence mechanisms in these models are ocean heat uptake
and SST changes, which affect evaporation and low‐level
moisture in the atmosphere. This mechanism is often
referred to as the bottom‐up mechanism and is described in
more detail in section 4.1.
[94] Atmospheric models that include a good representa-

tion of the stratosphere, including interactive ozone chem-
istry, are available, but they do not generally include a fully
coupled ocean at present. The prime solar mechanism for
influence in these models is therefore the change in strato-
spheric temperatures and winds due to changes in UV irra-
diance and ozone production, and the influence on the

Figure 20. Schematic overview showing various climate forcings of the Earth’s atmosphere, with fac-
tors that influence the forcing associated with solar variability (irradiance and corpuscular radiation)
shown in more detail on the left‐hand side, as discussed in section 2.

Figure 21. Schematic diagram of solar influence on climate based on Kodera and Kuroda [2002].
Shown are the direct and indirect effects through solar irradiance changes (TSI and UV) with respect to
Smax as well as corpuscular radiation effects (energetic particles and GCRs). The two dashed arrows
denote the coupling between the stratosphere and the troposphere and the coupling between the ocean and
the atmosphere.

Gray et al.: SOLAR INFLUENCE ON CLIMATE RG4001RG4001

25 of 53

Solar mechanisms

Gray et al after  K. Kodera
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GISS modelling of solar impacts

CMIP5: interactive, OAGCM 20th C transients
NINT: non-interactive aerosols/chemistry (~AR4)
TCADI: Interactive all-atmosphere chemistry (bulk 
aerosols) + first indirect effect
5 member ensembles
two ocean models (GISS-E2-R & GISS-E2-H)
All-forcings + solar-only + ozone response only 

TCADI/MATRIX (aerosol moment scheme)
Includes nucleation/ionisation

Forcing:
20th C: Spectral: Lean (2009) TSI: Wang et al. (2005)
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Solar-only regressions
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Ozone solar cycle response

Model: single ensemble member 
(2001/2 - 2007/8)

SABER: Merkel et al. (2011)
(One cycle: 2002/3 - 2008/9)
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Chemistry impacts on CH4 and H2O

O3 response photochemical and dynamic - strat & trop
     => increase of CH4 oxidation
& photolytic reduction in upper strat H2O (~0.2 ppmv)
     => warms upper stratosphere
     => provides memory for longer term impact...
Trop. warms, increases trop H2O and strat input



Interactivity in GISS-E2R greatly increase tropical and Arctic response
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Surface Air Temperature 

    NINT-R: Lag 1      TCADI-R: Lag 1   
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Solar Max-Min: zonal SLP

Interactive models have larger shifts in annular modes
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Solar Max-Min: zonal SLP

Particularly in the Atlantic...
TCADI DJF
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Impact on North Atlantic Ocean?

Lagged regression to TSI 
± 0.5 Sv over a solar cycle 
Max. +ve change 8-6 yr lag to TSI

TCADI-R TCADI-H
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Conclusions

Forcing changes clearly influence decadal variability and can 
inform predictions
Ocean initialization experiments have some way to go
Uncertainty in future forcings is non-negligible and needs to be 
included in experimental design
Solar forcing has detectable influences on stratosphere, 
annular modes which may be predictable

Interactive composition important to include or parameterize
Evolution of North Atlantic coupled system depends on both 
top-down forcing and ocean responses.

Differing responses in coupled models impacted by 
variations in control/internal modes ocean variability.


