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1. History of climate models

Timeline

il B o Eow e

The Era of Gemersl Crcubation Mode's ﬁ

1850 - 1900: 1900 - 1949 1980 onwards
How does the "Green- late th rme will the impacts occur?
house Effect” work? weather? will it get? What are our policy choices?

https://prezi.com/pakaaiek3nol/timeline-of-climate-modeling/

1. History of climate models

* Early 1900s: Bjerknes identifies the equations for atmospheric dynamics
e 1917-19: Richardson attempted a 6-hour weather forecast (BY HAND!) using these equations

» 1949: first digital computers applied to computing atmospheric dynamics. First automated weather
forecast by John Von Neumann (24 hours to compute a 24 hour forecast over NA on a 15 x 13 grid!)

* [2008: Peter Lynch re-implemented this forecast on a Nokia cellphone in less than 1 sec!]
* 1965: First “GCMs” Global Circulation Models (GFDL, UCLA, LLNL, NCAR)

* 1979: Charney report (National Academy review) warns of climate change. Equilibrium sensitivity is
+/-3C

* 1988: United Nationals assembled the IPCC, an international body to assess the science for the
benefit of policy makers

* 1995: 16 modeling centers around the world compared their model projections for future climate
change (the first “CMIP”= Coupled Model Intercomparison Project)

* 2005: First Earth System Models (beyond the just the atm and ocean)
* 2013: CMIPS5 finished!
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Community Earth System Model (CESM)

components
e - I
Cou
N—
iy

pler

PL)

ﬁ % (CICE)
=

Ocean Land Ice
(POP) (CISM)

Slide courtesy C. Zarzycki, NCAR

a) Control state b) Projected change RCP8.5

BCCA-BCMZ20
CNRU-CNG
INGV-SXG
“CAAMCMS
“EC-EARTH

Climate Model “family
i tree”

CCNRM-CMS

* models are strongly tied to their
predecessors

* Some exchange ideas and code with
other models

models in the new ensemble are
neither independent of each other
nor independent of the earlier
generation.

(left) statistical methods can identify
similarities between model versions

interdependence of models
complicates the interpretation of
multimodel ensembles but largely
goes unnoticed

Ssstn } Knutti et al. (2013)

MRICGCM2.32
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Schematic for Global
Atmospheric Model

| Horizontal Grid (Latitude-Longitude)
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2. Resolution and grids

Most models are grid models, in which variables
are computed at discrete grid points in the
horizontal and vertical directions.

2. Resolution and grids
What are we looking at?

130 137 144 151 158 165 172 179 186 193 200 207 214 221 228 235 242

Slide courtesy C. Zarzycki, NCAR




1/30/18

2. Resolution
Why do we need resolution?

x

4000 km

Slide courtesy C. Zarzycki, NCAR
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So why don’t we just add grid cells?
ﬁ
At o] |
-
my resolution... —1,
At = =
funstabie!
4 cells 4 x4 =16 cells
2 x # of timesteps
8 times more computationally expensive! slide courtesy &

Data storage (for data at grid-cell level)
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monthly data
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Slide courtesy C. Zarzycki, NCAR
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The resolution of global climate models has improved

What is “high” resolution?

* True definition of “high resolution” somewhat ambiguous and moving
target

* Current IPCC models (FAR/5AR): ~50-100 km
* Global numerical weather prediction: 15-40 km

* Most people call their simulations “high resolution” if...
* They are running < 50 km for climate applications
* <15 km for weather forecasting

Slide courtesy C. Zarzycki, NCAR
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3. Parameterization

4000 km

Slide courtesy C. Zarzycki, NCAR

3. Parameterization

hotochamical »  Oxidation > New
production of OH by OH p«mn
Reflected solar
radiation
* CIOUd microphySics Occur = ELI_ T — Detrainment —Oxidation —> Now particle
at spatial scales that are = 3099::% byOH ™ " production
too small to model 05 o)

i
/
"épﬂ( grows 1o raindrop

by collecting other dropléts

explicitly j

Amblent gases

* Parameterization makes
the problem solvable

* BUT can introduce errors

and requires additional Prosgus )

. CN dissolves Rﬂlndloﬁ
constants (sometimes / i
not well constrained) Upadie i o

with SO,, (nucleation
DMS, Oy, ¢, Scavengng)
and aerosols
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3. Parameterization

“model grid size ( A ) >> characteristic scale ([ )”

“l”

|

. larger scale
Scale of motions  (coarser resolution)
<

(wave length) 1 km

==

smaller scale

(higher resolution)

Energy

100 m

Small-scale processes are not resolved at all and entirely parameterized.
The assumption is valid at traditional resolution:

Slide courtesy C. Zarzycki, NCAR

Parameterization

At higher model resolution: A ~ {

‘ll”

|

partly resolved by
model dynamics +

Scale of motions

(wave length)

Only unresolved part has
to be parameterized

Energy

Slide courtesy C. Zarzycki, NCAR
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4. Flux correction

Lol

What is it?

“
ey AP o
s il . .:&'!

eyl
R o
o e

~ Why was it
employed?

5.Spinup

* Time required for the ocean
model to reach a state of
equilibrium

* Ocean model is initialized
with present ocean state and
integrated forward until
circulation is consistent with
prescribed water mass
structure

How long does this circulation take?

= Surface Bl Salinity > 36 %
w— Deep Salinity < 34 %o
(Rahmstorf, Nature 2002) — Bottom O Deep Water Formation

10
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Model spin up example
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6. Ensembles
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Types of ensembles

1. Initial condition ensemble (e.g., ———"
CESM large ensemble) Physics

Initial
Condition
Ensemble

Ensemble
2. Perturbed physics ensembles
(PPEs)

3. Multimodel ensembles (MME)
(e.g., CMIP3/5)

Standard Model

Grand Ensemble

I

How can we model the climate at the end of the
century, when we cannot predict the weather 2

weeks from now??

13
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Prediction vs. Projection

M . . i Days Months Years Decades Pr?'é-mons ’
Prediction vs Projection .
Initial Value Problem

Overall climate .
Overall climate

Current
weather Weather forecast

Initial

condition

uncertaint

y Days

Weather predictions are a initial value problem

Prediction vs Projection

Boundary conditions

Decades to centuries

Climate projections are a boundary value problem

14
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/. Emission scenarios

Global surface warming (°C)

CMIP3 models, SRES scenarios

— Historical (24)
— SRES B1(20)
— SRES A1B (24)
— SRES A2(19)
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500 emissions trajectories based on
[ different economic &
ol technological assumptions
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8. Detection & Attribution
Detection Attribution

"What happened?” “Who did it?”

Attribution of recent  _ os[Climate Change
climate change £ os{ Attribution
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Attribution of recent
climate change ;

Temperature anomaly (°C)
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