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Mitigating Global Warming: What Climate Feedback,
Vertical Mixing and Ocean Circulation Can Do?
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Heat Budget at the TOA
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Lewandowsky (2016) $§ H{Hiatus A AE . EHESK H GISSTEMP
(Hansen etal., 2010) FINASA Goddard Institute for Space Studies.
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Figure 4 | GMT, TOA radiation and OHC during hiatus. a,b, Schematics of GMT (a) and TOA radiation (b). See main text for definitions. ¢, d, Observational
estimates of OHC anomaly (¢) and its tendency with reconstructed TOA radiation (d). e.f, GMT (e) and TOA radiation (f, ten-year low-pass filtered) for
‘hiatus’ events in a global-warming simulation. Thin pale and thick red curves represent individual hiatus events (years 1-15) and their average, respectively.
Each thin pale black curve is the ten-member ensemble average for one of ten hiatus events, approximating the forced-response baseline. The thick black
line is the average of the thin black lines. Ensemble means are adjusted to zero at year 1. TOA radiation deviation of hiatus events from the baseline is
~0.0115 £ 0.0353Wm~2,

S
&

ARTRAE P RAEM XIS R E A48 24 A (2016YFA0601802), 2017.06.04,

ALISHAAINN SNDMAJ

U
m
a)
Z
o)
c
Z
<
T
P
0




il - FPRSREIESEEN |, RFEEEER (7))

Zonal mean temperature trends

o8 3:35(_&3)': | g Gleisner et al. (2014) & Ppre-
FoceRuTs — hiatusFS i, =M FEFIAREIH
T R Rk MR £
SHLISN, AR TR
WIRBFE; hiatusFH IR
TEA—B, RHRRE,
70" NEHENIERH, Bk
o BRI e SRR, B
LU B 25 e 3 R hiatus i

Figure 3. Surface and tropospheric temperature trends in 5° latitude

bands for (top panel) the prehiatus period 1985-1997 and (bottom

panel) the hiatus period 2002-2013. Error bars (for clarity shown 35 EI o
displaced from the observed data) indicate the +10 observational

uncertainties for the decadal trends. For RO and surface data, estimates

of the combined observational and structural uncertainties are

indicated by extended error bars. The abscissa has been scaled to

reflect the decreasing area per latitude bin toward higher latitudes.
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Figure 2, The feedback temperature dependence a versus (a) AT,,, (b) AT,,, and (c) ATg, (the equilibrium warming from one, two, and three doublings of CO,,
respectively). Letters represent GCMs and are centered on pairs of a (quadratic estimate, see supporting information, Section S3) and AT, (reported values).
Colored lines show how quadratic estimates of AT, (using equation (1)) vary with a for fixed values of 4, assuming forcings of F,,, = log,(n)3.71 W/m?. Colored
circles where these lines intersect the center vertical give linear estimates of AT,,. Some lines intersect the shaded regions in the upper right corner of each
panel. For values of a greater than these intersections, the quadratic model experiences runaway warming. If we assume that the preindustrial climate was stable,

then 4 < 0, and the dark region in the upper left-hand corner of each panel is inaccessible under the quadratic model. CMIP5 models must lie in the pink region

in Figure 2b to avoid quadratic runaway under RCP8.5. Note that the y axis increases proportionally in each panel [Colman and McAvaney, 2009; Hansen et al.,
2005; Jonko et al., 2013; Meraner et al., 2013; Stouffer and Manabe, 2003].
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1-Box Energy Balance Model (EBM)

F>0 =-B*T<0 dT

1 T0A "‘ E=F—BT

Atmosphere

If F=const., T determined by
climate feedback B
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1-Box EBM Forced By Linear Forcing

dar = AF(t) — BAT
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Role of Climate Feedback
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Climate Feedback: Temperature Dependence

dAT
W = AF(t) — (B + aAT)AT
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2-Box Energy Balance Model
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2-Box EBM Forced By Linear Forcing
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Role of Vertical Mixing
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Vertical Mixing: Temperature Dependence
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Vertical Mixing: Temperature Dependence
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dAT, dAT,
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4-Box Energy Balance Model
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Heat Budget and Ocean Circulation in CESM-CO2
200054 $24
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Summary and Discussion

& Hiatus under linear heating
o Possible
o+ New mechanisms

» Enhancing negative climate feedback
o Enhancing downward heat mixing (?) (Short)
» Ocean circulation (? to be investigated)

¢ How to realize in real world?

o Understanding climate feedback first!

Thanks
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