Unforced Surface Air Temperature Anomalies and their Opposite A31C-0054

Relationship with the TOA Energy Imbalance at Local and Global Scales

@AGU FALL MEETING

DUke Patrick T. Brown'! (Patrick.Brown@duke.edu) Jonathan H. Jiang? San Francisco | 1418 December 2015
UANCIEVEESIRSSL T TSY Wenhong LI'] HUI Su2
" Earth and Ocean Sciences, Nicholas School of the Environment, Duke University 2 NASA Jet Propulsion Laboratory, Pasadena California

Introduction Why is the local N(6,®) vs. T(0,®) relationship mostly positive? How does global T restore equilibrium after a large fluctuation?

» In the absence of external radiative forcings, global mean temperature (T) Fig. 4) Linear relationship between local variables and local temperature Fig. 6) The portion of the (,(0,¢) pattern (Fig. 5) that is not due to the
should be stable in the long run: characteristic surface temperature pattern associated with T variability (Fig.
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» Why? Because of the ‘Planck Response’: Aprgni = —40T3 ~ —3.8 Wm=2K 1

climatological T(0,¢) (Fig. 4c) i » Reduced cloud cover over
A ey [ b e €1 » Due mostly to the longwave d)“T(AVG:O)\ ? descending branches of
e Hadley and Walker

thermal outgoing
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» The Planck Response suggests that § (& ¢ \X /¢ * | & water vapor feedback over

esocited with anhanced thermal | | oceanic regions with the
highest climatological T(0,¢)

outgoing radiation at the top of the

circulations (Fig. 6k)
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o s Y - = e 3 e atmosphere (TOA), which would sy 7 | e (Fig. 4e) Hadley and Walker
- g I cause a negative energy imbalance s aly & e — 1 st sy ions of variables L circulations (Fig. 6e)

(N, positive downward), and thus an
eventual return of T to its
equilibrium value.

» Allows for much more efficient
release of thermal outgoing
radiation than would otherwise
be expected from the T(6,¢)
vs. T pattern alone (Fig. 6a)
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Image credit: Wild et al., AIP Conf. Proc. 1531, 628 (2013)
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CRE = CREgy, + CRE,y.

» Indeed, both satellite observations and Atmosphere-Ocean General Circulation
Models (AOGCMs) show a negative N vs. T relationship for annual unforced
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S=TLE+TLH + [T SWs—1 SW,] + [T LWs—! LWg],

variability: V- AET(6,¢) = —1-[N(6,$) + S, 9)].
Fig. 2) Negative relationship between N and T in unforced AO(}CM control runs (black) and in detrended observations (red)
L 2.4 (WmaKY) Why is the global N vs. T relationship negative?
1+ © 800 0o o o OO o 5 o . B .
_ o o SO g2l6 ° _ | | | | » The local N(8,9) vs. T(08,¢9) relationship tends to be positive, despite the Planck
L 0s -O-O.SO(Wm'Z' ) ERLL Fig. 5) Linear relationship between local variables and global temperature Response, because warm T(0,0) is accompanied by:
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i vs. T(9,9) relationship is positive » Large divergence (convergence) of atmospheric energy transport over the
(Fig. 4a) tropical Pacific (high latitudes) which creates large positive T(0,9)
» Large horizontal divergence anomalies where they can be easily damped to space
(convergence) of atmospheric » Large-scale atmospheric circulation changes drive cloud reduction and
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» However, the same AOGCMs and observations demonstrate that, at the local
spatial scale, the N(0,¢) vs. T(0,¢) relationship [where (0,¢)=(latitude,
longitude)] tends to be positive over most of the planet:
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energy transport over the atmospheric drying over large portions of the tropics and subtropics which
Fig. 3) Mostly positive relationship between N(0,¢) and T(6,¢) in AOGCM unforced control runs (a,c) and in observations (b,c) . o
&) N( o) vs. T a.0), Zonal Mean allows for greatly enhanced thermal outgoing radiation
' e AOGCMs : (Flg' 51) - -
——Obs " §|| » Redistribution of energy helps Im pl Ications

0 create a characteristic T(0,9) vs.
T pattern with a substantial
amount of warmth at high
1 latitudes (Fig. 5d) where the

» The short-timescale relationship between N and T is heavily influenced by
large-scale atmospheric circulation changes specific to El Nifo dynamics

» These circulation changes (or at least their magnitude) are unlikely to be
reproduced under long-term global warming

.Hm tropical Pacific (high latitudes)

| »¢| temperature anomaly can befly Thys there may be very little relationship between the climate feedback
o 2 4 0 easily damped to space (Fig. 5a) }  parameter diagnosed from annual or sub-annual timescale variability (i.e., y,
W/m ?/K » Characteristic T(0,¢) vs. T

Fig. 5a) and 2XCO, equilibrium climate sensitivity

Scientific Questions
» What are the physical reasons for the mostly positive local N(©,9) vs. T(0,9)
relationship?
» If the local N(0,¢) vs. T(0,¢) relationship is mostly positive, how precisely
does global T restore equilibrium after a large unforced fluctuation?

pattern (Fig. 5d) contains
anomalously cool T(0,¢) regions § *This research is in press at: Brown P. T., W. Li, J. H. Jiang, and H. Su, 2015:
where locally positive N(0,9) vs. | Unforced surface air temperature variability and its contrasting relationship with the
T(0,9) relationship (Fig. 4a)j anomalous TOA energy flux at local and global spatial scales, Journal of Climate,
promotes negative N(0,9) doi:10.1175/JCLI-D-15-0384.1
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