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» Will give you some feel for the processes
involved in climate modelling.
* Overview
— The atmosphere (and ocean)
— Radiation
— Parameterisation
— Increasing complexity
— Super-computing

From Bob Harwood
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: Message:
Lots of
things
going on!

Approach that is used is “bottom up”

Understand the basic components of the
Earth System

Model them on computers and couple
them together.

“Emergent phenomenon” is what is of
interest.

Kevin E. Trenberth




3-D model of the circulation of the atmosphere

Fundamental equations:

« Conservation of momentum
« Conservation of mass

« Conservation of energy

« Equation of state

Processes:

« Transfer of shortwave and longwave radiation
« Convection

« Cloud formation

« Precipitation

« Transport of trace gases and aerosols

« Atmospheric chemistry

GCM history - www.engr-sci.org/history/climate/GCM.htm

Modelled Ocean circulations driven by:

* Wind stress

« Density variations (colder and saltier water is more dense)
Thermohaline circulation driven by sinking of cold, salty water
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Soil moisture

Air and humidity

Sea ice rejects brine when freezing, transports and releases
fresh water on melt, reduces heat exchange with the atmosphere

Thermodynamics: melting and freezing, conduction of heat
Dynamics: ice motion driven by wind and ocean circulations




68100

From Kevin E. Trenberth, NCAR

» Key ideas
— Lots of incoming shortwave radiation
(“Visible”) from sun
— Same total energy going out from Earth but
peaks in Infra-red. (“Heat")
— Surface is warmer than you'd expect from
simple radiation budget.

« The bit of the climate system that radiates energy
to space is high up (where it is cooler).

« Lapse rate means the surface is warmer.

No (known) analytical solutions to
equations of motion.

— Not surprising — think of range of
phenomenon in weather.

¢ So discretise equations of motion. (Easy to
say; hard to do!).

* Replace gradients by differences.
Weather forecasting done the same way.

Modelling Global Climate

Vertical exchange between layers
of momentum, heat and moisture

Horizontal exchange
between columns.

of momentum,

heat and moisture

3.75°
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Vertical exchange
between layers

of momentum, 11.25°E
heat and salts Vertical exchange between layers 41.5°N

by diffusion, by diffusion and advection

convection

and upwelling Orography, vegetation and surface characteristics

included at surface on each grid box

19 Atmospheric Levels ~ Atmospheric resolution: 3.75 by 2.5

Ocean resolution :1.25 by 1.25

20 Ocean
Levels




Model’'s do not have enough resolution to resolve
these processes. So they are represented in terms of
the large-scale flow (what gets simulated). Many of
thesocesses act at scales of 1-10km.

slingo

From Kevin E. Trenberth, NCAR

What is there...

How we
parameterise

Tim Palmer

L. F. Richardson ~ 1920

Cray Y-MP ~
1990

HECTOR —
Edinburgh 2007
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Doubling time of peak
supercomputer performance
is about 18 months.

Number of transistors
doubles every 2 years.

Computational requirements scale as
(1/resolution)*. Decrease resolution means
increasing the number of gridboxes in east/west,
North/south and vertically as well as reducing
the time-step proportionally. Improved
algorithms can change the constant of
proportionality.

So doubling the resolution increases the
computational requirement by 16. Given
increase in super-computer performance could
do the same kind of simulations as today at ¥2
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Sulphate Sulphate Sulphate
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Non-sulphate Non-sulphate
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Butas they get smaller | the resolution in 10 years time...
they go faster. . . .
1975 1985 1992 1997 Present

Simulatjon complexity

Resolution :
A Timescale

Y/ Data assimilation/
Ensemble initial value forecasts

Atmospheric component resolution costs: physics costs not included

‘Mnﬂel name n1 % x‘ Y[ x resl Y vest res at Equator |X res at 5o| Y res [ Time step|  Cost factor|
horizontal | vertical | nodes | nodes| (deg) (deg) (kr (mins.
HadAM2-3 48 19 96 73 375 250 413 255 275 30 1
HadGAM1 96 38 192 145 188 125 206 133 138 30 8
HIGAM 144 38 288 217 125 083 138 88 92 20 27
NUGAM 216 38 432 325 083 056 92 59 61 20 60,
UKMO-NWP. 320 50 640 481 056 038 62 40 41 15 23:
HIGAM2 320 70 640 481 056 038 62 4041 20 24
HadGAM3 144 70 288 217 125 083 138 88 02 20 |
Future NW™ 480 70 960 721 0.38 025 41 27 28 12 910
x=270km x=135km x=90 km x= 60 km
UKMO
NWP Model
: built for
resolution Earth
until end of Simulator
2006 work
1000s years 10s years

Runs on a PC Resolution increase = more CPU / shorter simulation Requires major supercomputer]

Strengthening colours DCEIEH Cﬂfd'JC;" —chde model .
denote improvements Gycie moce size
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St All require much greater computer resource E?M\':vaplmer'
and more efficient modelling infrastructures
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¢ Climate/Earth models built “bottom-up” from
components

« Climate driven by incoming solar radiation
» Equations of motion are discretised

* Need to represent (“Parameterise”) sub-grid
scale phenomenon.

» Super-computer performance doubling every 18
months.

» Tradeoffs need to be made as model complexity
increases.




You will see in next lecture that uncertainties in climate
prediction stem from uncertainty in parameterizations.
Today’s models have a resolution of about 100km’s
Given what I've told you about scales etc what spatial
scale would a model need to run at so as not to need
parameterizations?

Assuming the increase in super-computer power
continues as it has done since 1960 how long till we
could run such a model?

Imagine better algorithms and better software reduced
the computational requirements by a factor of 8. How
long then till we could run such a model?




