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Outline of lecture

1. Observed climate variability and trends.
2. Evidence for influence of solar variability on
the lower atmosphere.

3. Mechanisms of solar influence on climate.
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Observations of climate variability
and trends
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Surface temperature trends
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N.W. Europe sea level height
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Solar cycle length and N. H. temperature
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yx,t)= _,iji.\' ) [, (1) + noise

e 1(x.1) arc data
s (1) 1s time-dependent climate factor

* fi{x) is weight of contributing factor i at
point x

e vand fare known, ffare to be estimated

® noise is represented by an AR(1) model
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Mechanisms involved in
the influence of solar
variability on climate
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How might solar activity influence . . :
. Total solar irradiance mechanisms
weather and climate?
Total solar irradiance: Modulate energy « Variations in Earth’s orbit around
input to the Earth. the Sun (>10,000 year timescales).
UV irradiance: Heating stratosphere,
O; photochemistry. « Variations in solar radiative output
Solar energetic lonisation & (decadal to millennial timescales).
particles: chemistry (upper
atmosphere).
Galactic cosmic rays: lonisation (lower
stratosphere).
Imperial College Imperial College
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Earth orbital parameters - temporal variation
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UV mechanisms

» Stratospheric ozone and solar
radiative forcing.

» UV heating of the middle atmosphere
and dynamical coupling to lower
atmosphere.
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Profile of solar spectral irradiance

Non-linear effect on radiative forcing

Max-min

Solar minimum
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Haigh, Nature, 1994
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Ozone feedback on solar radiative forcing

author solar ASRF |ASRF |AO, 03 SW |03 LW |net Oy |RF amp
change |[(toa) |{tpse) effect  |effect  |effect  |(%)
Haigh 1994 | 11-year  [0.13 01 e 003 +0.02 001 -
amp peak near 40km
Hansen et al | 11-year 013 w1 e 05 +45
1997 amp 10-150hFa
Mybreetal |1l-year (0.3 011 +ve 008 006 002 1%
amp
Waebbles et | c1680- 0.49<0.70 | 0.42<0.60 | +ve 13| 21<30
ol 1998 1990 peak near 40km
Larkinetal | 10-year 013 (81} +ve (as HM) -0.06 +.11 05 +H5
2000 amp
0.3 011 Hve (SBUVTOMS) 0.0 008 +HL08 +45
Shindell et al | 1680-1780 | 0.30<0.39 | 0L26<0.33 | -ve (upper stral) +0.02 +6<+8
2001 +ve (lawer sirat)

Imperial College No agreement on sign let alone amplitude!
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Altitude of unit optical depth
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Simulations of impacts of
varying solar UV using General
Circulation Models
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Solar signal in zonal mean zonal wind
A UM zonal
. .'I wind (&) mean (m/s)
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|l o y | very different GCMs
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Larkin et al (2000)
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Similar results for solar signal in zonal wind found in GCM and observations.
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UM mean meridional circulation
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Hadley cells weaker and
broader when Sun more active

So GCMs with increased UV
appear to simulate the observed
solar impact in the troposphere

But how does the UV produce the
observed effects?
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===The waves decelerate the jet stream. — I-mpact on Imposphere?
This wave deceleration is compensated by a Coriolis force of
Sansas Vg In Ehe troBICS, and sInkIng In toe Aniarcrie Imperial College  Matthes (2006) after Kodera and Kuroda (2002)
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Stratosphere-troposphere coupling:
potential mechanisms

* Increased static stability (due to warming of lower
stratosphere) weakens tropical upwelling and Hadley

cells.

Changes in zonal wind in stratosphere affect
growth/propagation/reflection of planetary waves in

Simplified GCM - “dynamical core” model

Based on University of Reading spectral model:
Full dynamics T42 L20.

No orography.
Newtonian cooling - equinoctal radiative equilibrium

temperatures T,(lat.,ht.).
Rayleigh friction.

troposphere.
» Baroclinic lifecycles (mid-latitude weather patterns) .
modified. Experiments:
1. Equilibrium response to perturbations to stratospheric T,.
Possibly all of these (in different locations and/or (Haigh, Blackburn & Day, J.Clim., 2005)
seasons). 2. Spin-up ensemble.
Imperial College Imperial College
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Simplified GCM perturbation experiments

Run C Control: T, distribution of Held and
Suarez (1994).

Run U5 Stratospheric only T, increased
uniformly by 5K.

Run E5 Stratospheric only T, increased by 5K

at the equator, decreasing with
cos?(latitude) to OK at the poles.
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Simplified GCM

perturbation runs: Run C

Simplified GCM

perturbation runs: Run C

Simplified GCM

perturbation runs: Run C

Simplified GCM

perturbation runs: Run C

Vertically-integrated budget of zonal momentum

Zonally-averaged zonal momentum equation:

%:_a;§¢%{[w]0052¢}—;fp[uw]+ f [v]+[|:ﬂ]

Integrated through depth of atmosphere:

0 (b 1 d
§L [u]dp__aoosquﬁ

or:

10
aa Lps [u]dp =Crona + Ceopy _[TSA]
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Vertically-integrated budget of zonal momentum

[ P

=Crona + Ceppy —

Imperial College

Spin-up ensemble

Ensemble of 200 50-day runs each starting from
different initial conditions acquired from the

control run.

For each ensemble member the U5 heating

perturbation is switched on at day 0.

Imperial College
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Conclusions 1/3

¢ The Earth has warmed over the past 150 years but
not uniformly in space or time.

* The increase in greenhouse gas concentrations is
predominantly responsible but the Sun probably
influenced early 20th century warming.

¢ The effects of solar variability are seen in a variety of
meteorological parameters on a wide range of time
scales, although care has to be taken in attribution.

¢ The response is not spatially uniform. The
troposphere shows vertical bands of warming in mid-
latitudes and weakened and broadened Hadley cells.

Imperial College
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Conclusions 2/3

« Variations in total solar irradiance due to changes in
the Earth’s cause significant impact on climate on
long timescales.

e The Sun’s total irradiance varies by ~0.1% over an
11-year cycle but changes over longer periods are
not well established.

e Variations in the UV portion of the spectrum are
much larger than in TSI.

e The vertical structure of the apparent ozone response
is not well understood.

e GCMs with imposed variations of UV can produce a
response in the lower atmosphere similar to that
observed.

Impe. . wounvye
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Conclusions 3/3

e (Any) thermal perturbations to the lower stratosphere
exert a dynamical influence on the circulation of the
lower atmosphere.

» Solar influence on climate provides an interesting
test-bed for theories of stratosphere-troposphere
coupling.

» The geographical pattern of the solar influence can
only be understood via dynamical feedbacks.

e Stratospheric influence starts with modification to
wave convergence at tropopause.
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Hershel, Phil.Trans.Roy.Soc. 1801

... more or less light and heat from the sun [may] be liable to
produce a great variety in the severity or mildness of the
seasons ...

Before we can generalize the influence of a certain cause, we
ought to confine our experiment to one permanent situation,
where local circumstances may be supposed to act nearly alike
at all times, which will remove a number of difficulties.

... when many things which are already known to affect the
temperature of different countries ... come to be properly
combined with the results we propose to draw from solar
observations, we may possibly find this subject less intricate
than we might apprehend ...
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