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NUMERICAL PREDICTION BASED ON NAVIER-STOKES EQUATIONS
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THE NAVIER-STOKES EQUATIONS — ORIGIN

Four equations that determine the properties and behaviour
» Conservation of Energy

» Conservation of Momentum

» Conservation of Mass

» ldeal Gas Law

These equations are for a rotating sphere with a compressible fluid
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THE NAVIER-STOKES EQUATIONS
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THE NAVIER-STOKES EQUATIONS

MASS ACCELERATION FORCE
Density of How velocity experienced All the forces that
the fluid by a particle changes with time are acting on the fluid
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UNRESTRICTED FLOW ON ROTATING BODY
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BOUNDARIES & TERRAIN RESTRICT FLOW

» Boundaries divert flow
» Density changes

» Internal waves / temperature gradient

» External attraction induces tides
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BOUNDARIES & TERRAIN RESTRICT FLOW

» Boundaries divert flow
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» External attraction induces tides
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BOUNDARIES & TERRAIN RESTRICT FLOW

» Boundaries divert flow

Internal tides

» Density changes o
» Internal waves / temperature gradient E
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» External attraction induces tides
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SCALES OF VARIATION

» Equations govern behaviour across all scales

10°
» Kolmogorov scales determine important effects

10%

» Butterfly effect
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» A butterfly in Japan can cause
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» Non-linear dynamics cause chaos! o
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Time

FROM CONTINUES TO DISCRETE
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» No exact solution exist (chaos)
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» Limitation of General Circulation Models
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» Requires parameterisation
» Empirical formulation of sub-grid process
» Different insight

» Variation between models
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ADVANCEMENTS IN RECENT DECADES oo e odelng Trelne e
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» From Energy budget to General Circulation

1890s 1960s 1970s 1990s 2000s 2010s
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» Climate model generation

» Variation is wanted!
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CHANGES AND DRIVERS IN GCMS
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GCM Resolution
e.g. HADCM2 2.50 x 3.750

REGIONAL VS GLOBAL
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CLIMATE CHANGE OBSERVED

» Weather shows large variability

» Climate is average weather

» Observed climate change depends on
» Anthropogeninc forcings

» Natural forcings

Central England temperature compared to 1772-2019 average
(shown as average over preceding 1 day )
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CLIMATE SENSITIVITY

» Feedbacks are important

@ =CO,+ ‘*‘6

Climate
sensitivity

Initial

. Feedbacks
warming

» Climate Sensitivity — not only based on models

» Equilibrium: stabalization after 2xCO:

» Transient: 20-year mean change at time

of 2xCO: with 1% increase CO:per year

» Exact value uncertain, but signal very clear!

1 ! 1 1 1 1 1 1 1
= Aldrin et al. (2012)

Instrumental ~—— Bender et al. (2010)
— Lewis (2013)
— Lin et al. (2010)
= ".— = —— Lindzen & Choi (2011)

d — Otto et al. (2013)

Ly ——! = Murphy et al. (2009)
o el ) — Olson et al. (2012)
——>
<o ~—— Schwartz (2012)
= e e —— —— Tomassini et al. (2007)
- —. — — o
- —_— e — — — — — — — — — — o

Climatological constraints
e

—— Sexton et al. (2012)

— qump
Raw model range v
3
~— MIROC5-CGCM-PPE
~— GPDN-HadCM3

wl.. .

—_————y - CMIP3 AOGCMs
©Eoamd oeEmeEd @
————

— CMIP5 AOGCMs

Palasoclimate — Chylek & Lohmann (2008"

—
—_— ~—— Hargreaves et al. (2012)
bt ot il Gl Holden et al. (2010)
~—— Kahler et al. (2010)

b (2012)

= Schmittner et al. (2012)

—_—

b o— —— —
T ]
< — — — |~
Gombination = Aldrin et al. (2012)
—_—— = -
Libardoni & Forest (2013)
$ = Olson et al. (2012)

1 2 3 4 5 6 7 8 9
Equilibrium Climate Sensitivity (°C)

Probability / Relative Frequency °c™

—_
&)
T

—_
T

0.5F

| — Schwartz (2012)
| ] Libardoni & Forest (2011)
(] Padilla et al (2011)
[ Gregory & Forster (2008)
Stott & Forest (2007)
] Gillett et al (2013)

——

Otto et al (2013) (a)
Otto et al (2013) (b)
Rogelj et al (2012)

Tung et al (2008)

Harris et al (2013)

isen et al (2009)
Knutti & Tomassini (2008) (a)
Knutti & Tomassini (2008) (b)

Il

)

Black histogram
CMIP5 models
Dashed lines
AR4 studies

1 2 3 4
Transient Climate Response (°C)




