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| confini dei modelli
climatici:
nubi, suolo e parametrizzazione
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...circa i risultati delle simulazioni con i modelli numerici di previsione
del clima, egli, senza cedere alle lusinghe di allarmismi inutili, cosi
concludeva:
“E opportuno tener presente che la capacita di modellazione del
sistema climatico, nhonostante gli ammirevoli progressi compiuti, ha
ancora parecchie inadeguatezze. Tra queste:

la particolarizzazione nello spazio, la quale e alquanto modesta;
una sorta di miopia che preclude, per esempio, la possibilita di
rappresentare correttamente gli effetti dei maggiori rilievi terrestri;

la formazione delle nubi non viene simulata applicando
direttamente le leggi della fisica, bensi ricorrendo a schemi derivati
dall’esperienza, i quali, anche se soddisfacenti per la previsione a
breve termine, possono risultare non adatti per lo studio del clima;

notevoli sono le incertezze relativamente alla quantita di energia
assorbita dalle nubi, il che ha inevitabilmente ripercussioni
sull’affidabilita dei risultati stessi;

le influenze derivanti dalle fluttuazioni dell’attivita solare non
giocano ruolo alcuno nei modelli di simulazione climatica. “

In ricordo di Sabino Palmieri
di Luigi lafrate (da ClimaeDintorni)
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There are ominous signs that the

earth’s weather patterns have begun to
change dramatically and that these
changes may portend a drastic decline in
food production—with serious political
implications for just about every nation
on earth. The drop in food output could
begin quite soon, perhaps only ten years
from now. The regions destined to feel
its impact are the great wheat-producing
lands of Canada and the U.S.5.R. in the
north, along with a number of marginally
self-sufficient tropical areas—parts of In-
dia, Pakistan, Bangladesh, Indochina
and Indonesia—where the growing sea-
son is dependent upon the rains brought
by the monsoon.
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Like a spinning top, Earth's axis The 'wobble’ of the Earth's axis causes the precession of the equinoxes.
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North Pole describes a circle in space | around the Earth's eliptical orbit, completing one full cycle every 22,000 years.
Precession changes the time at which the Earth reaches its perihelion (the point on
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| MODELLI
SONO QUELLE COSE A CUI NESSUNO CREDE
TRANNE CHI LI HA CREATI

| DATI
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Temperature Anomaly {°C)

1880-2006 Temperature Time Series
Latitude Range 35 to 45, Longitude Range 5to 15
(from the Global Historical Climatology Network dataset)
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Le rappresentazioni del mondo

= - Deutsches Klimarechenzentrum

PREVISIONI
O
SCENARI?



Scenari:

Sono il risultato della combinazione di una serie di
interruttori

che vengono alzati o abbassati a seguito di una ipotesi.
(mi forniscono un disegno)

Previsioni:

Sono basate su una interpretazione fisica-matematica del
funzionamento del mondo

che opera nel tempo e nello spazio basandosi su delle
condizioni iniziali.

(mi forniscono una probabilita’)
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Comparison between model and observations of the temperature rise since 1860
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An Introduction to Simple Climate
Models used in the IPCC Second
Assessment Report

This paper was prepared under the auspicas of [POC Working Group 1

Lead Authors:
Danmy Harvey, Josaiharn Gregory, Martin Hoffert, Avd Jain, Muwrari Lal, Rik Leemans,
Sarah Raper, Tom Wigley, Jan de Wolde
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Three-dimensional atmosphere and ocean general circulation
models. The most complex atmosphere and ocean models are
the three-dimensional AGCMs and ocean general circulation
models (OGCMs), both of which are extensively reviewed
the SAR WGI (Chapter 5). These models divide the atmosphere
or ocean mnto a horizontal gnd with a typical resolution of 2-4°
latitude by 2-4° longitude mn the latest models, and typecally 10
to 20 layers in the vertical. They directly simulate winds, ocean
currents, and many other vanables and processes characternizing
the atmosphere and oceans. Both AGCMs and OGCMs have
been used extensively n a stand-alone mode, with prescnbed
ocean surface temperatures and sea 1ce in the case of AGCMs
and with prescribed surface temperatures and salimities, or the
corresponding heat and freshwater fluxes, i the case of
OGCMs. An AOGCM consists of an AGCM coupled to an
OGCM, with information about the state of the atmosphere and
ocean adjacent to, or at the sea surface, used to compute
exchanges of heat, moisture and momentum between the two
components.



Coupled Phenomena

Why is there a need for considering coupled models ?

There are at least two major reasons why it 1s clear that
realistic description of climate cannot be done without
considering the atmosphere and ocean at the same time

Teleconnections Thermohaline Circulation

The interactions between atmosphere and The deep oceanic circulations is driven by fluxes of
oceans in the tropics dominate the heat and fresh water that change temperature and
variability at interannual scales. The Sea salinity of the water. Dense water (cold and saline)
Surface Temperature affects the atmosphere sink deep down creating a worldwide circulation as
generating giant patterns that extend over light water (fresh and warm) upwells through the
the planet world ocean, affecting the global sea surface

temperatures, which in turn change the dominant
mode of climate variability through the
teleconnections.
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Great ocean conveyor belt  Circolazione termoalina

Sasrce: Bronce, 1051, In Climale charge 1995, Woads, adepiulon and miligalos of clrats chasge scierdfic-tachriosl sralyias, cortrlition of warking rong # o the second assesamand reper ol the
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Simple Models
i

L R -:'"' II.'- A I- .;r L] |I.|. - |'.."'\-'

Generally produce zonally- or globally-averaged results, and
onby for temperature and temperature changes, not for other
variables such as ramfall.

Cannot simulate possible changes in climatic vanability as
output conzists of the climate change signal only.

The effects of physical processes are approxamated based on
globally- or zonallv-averaged computations with low tempo-
ral resolution.

Climate sensitivity and other subsystem properties must be
specified based on the results of complex models or observa-
tions. These properties can be readily altered for purposes of
sensitivity testing.

Sufficiently fast that multiple scenarios can be simulated, and
that runs with a wide range of parameter values can be
executed. Can be imitialized n a steady state at hittle compu-
tational cost.

Useful for sensitvvity studies mvolving the interaction of
large-scale climate system components.

Analysis 15 easy because simple models include relatively
few processes. Interpretation of aimple model results may
give mnsights into the behaviour of more complex models.

One-dimensional models cannot simulate climatic surprises,
for example sudden ocean circulation changes. Two-dimen-
sional ocean models can give some msight into such changes.

Simulate the past and present geographical varianon of
temperature, as well as other vaniables of climatic interest
such as ramnfall, evaporation, soi1l moisture, cloudiness, and
winds: and provide credible continental scale changes of at
least some of these varables.

Have the potential to simulate changes in important modes of
interannual vanabality (e.g., £ Nisio) as well as mean values.

Many physical processes are directly simmlated, necessitating
the use of a short ime-step but allowing resolution of the
diurnal cycle.

Climate sensitivity and other subsystem properties are
computed based on a combination of physical laws and sub-
end scale model parametnizations.

Computational cost strongly limits the number of cases that
can be investigated and the ability to mitialize n a steady
state.

Usetul for studying those fundamental processes which can
be resolved by the model.

Model behaviour 1s the result of many interacting processes,
as in the real world. Studies with complex models indicate
what processes need to be included in simple models and,
some cases, how they can be parametnzed.

AOGCMs can simulate major changes in ocean circulation
but the ttming and nature of such changes may not yet be reli-

able.
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Statistics given for each model

pattarn: pattern correlation betwesn
o S S abiserved and simulated mean SLP

Observations

VKM sea level pressure
analyses 1873-1995 {Jones,
1987; Basnett & Parker, 1997)

b % conm: percentage of Atlantic SLP
variability explained by EOFL during
the contral (observed value is 40%)

Smoothed time series showing the NAD indices from the .
st : % gi: percentage of Alantic SLP
greanhouse gas forced simulations, when their SLP fiekis um‘i’amy e‘pmﬂm by EOF1 uring
are projected onto the corresponding control run NAD the g1 Smulstion
patterms. Observed MAD time series ig alse shown.

CGCM1 CGCM1
Canadian Center for Climate pattern: 0.79

Modelling and Analysis, Canada. %% com: 56

Model and simulations described 9% gl: 42

by Flato atf al. (2000).

CCSR/NIES CCSR/NIES
Center for Climate Fesearch pattem; 0,76

Studies and National Institute % con: 66

far Environmental Studies, Japan. Sp gl: 71

Model and simulations described

by Emori et al (1999).

CSIRO MK2 CSIRO MK2
Commomyesalth Scientific and P =1

Industrial Research Organisation, %% com: 40

Australia. Model and simulations S gl: 42

describad by Gordon & O'Farrell

(1997).

ECHAM4/0OPYC ECHAM4/OPYC
Deutsches Klimarechenzentrum pattern: 0.88

DERZ, Germany. Model and sim- & com: 55

ulations described by Bacher at i

al (1998). il bt

NCAR PCM NCAR PCM
Mational Centre for Atmaspheric pattern: 0.85
Research, USA, Model and % com: 53

simulations described by % g1: 50

Washington et al. (2000).

HadCM3 HadCM3
Hadley Centre for Climats :m”_':i"ﬁ?
Prediction and Research, UK. il

Model and simulations described % gl: 48

by Gordon et af. (2000,




Fig. 6. Comparison between observed and simulated linear trends in annual mean climate
from 1955 to 2005. (a)—(c) Observed changes in annual mean temperature (left; in °C/50 yr),
precipitation (middle; per cent/50 yr) and mean sea level pressure (right; hPa/50 yr); (d)—(f):
21-model mean changes; (g)—(i): percentage of models with the change exceeding the
observed change. (da Raisanen 2006 Tellus v.59°9)
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Figure displays the outcome of a survey among 104 climate modellers, who have been asked fo assess the skill of contemporary climate models in the end of
the 1990s in describing a number of processes (Bray and von Storch, 1999). They were requested to respond a 7-graded scale, varying between “very good”
and “very bad”. For obvious reasons, the response “very good” is almost never heard. Hydrodynamics, i.e. the implementation of the laws of conservation of
mass and momentum, is considered to be well reproduced. However, thermodynamic processes, related to convection or clouds, are assessed by many
experts as being insufficiently represented. Of course, this assessment is partly reflecting the wish of modellers to continue their work in improving their models,
but the outcome of the survey is also a strong evidence that models really need to be improved.



Dr Manabe also made another important observation:

This would certainly represent a paradox; The more complex the models. the
less they tell us!



YOBQPa3} puE SUONOBIAU]
'y

UOIBSI) W pue uoneldepe :$asuodsal L3210 [BUOIBN

|
|







Table 1. Best Statistical Models to Describe Global Temperature Changes for Each Atmospheric Level®

Level Censored Period ATin N Best Model AT Second-Best Choice AT AS, %
Surface no 1900 2002 0.66 2 Sloped Steps plus AR(0) 0.87 Piecewise Linear plus AR(0) 0.87 43
850300 hPa no 1958 —2001 0.52 1 Sloped Steps plus AR(2) 032 Sloped Steps plus AR(1) 032 0.9
100-50 hPa no 1958 —-2001 —1.81 6 Sloped Steps plus AR(1) —1.82 Sloped Steps plus AR(2) —1.82 2.1
10050 hPa yes 1958 2001 -1.9 G Linear plus AR(1) -1.90 Linear plus AR(2) -1.90 2.6
MS12 o 1979 - 2001 0.13 0 Linear plus AR(1) 0.13 Flat Step plus AR(1) 0.00 0.7
M54 no 1979 - 2001 =1.13 4 Sloped Steps plus AR(2Z) —0.88 Sloped Steps plus AR(0) —0.88 10.5
MSTU4 yes 1979 2001 —0.99 4 Flat Steps plus AR(1) —0.83 Linear plus AR(1) —0.99 g1
850-300 hPa no 1979 2001 0.14 0 Linear plus AR(1) 0.14 Linear plus AR(2) 0.14 0.3
10050 hPa no 1979 -2001 —1.67 4 Sloped Steps plus AR(1) —1.18 Sloped Steps plus AR(2) —1.18 39
100-50 hPa ves 1979 - 2001 —1.48 4 Linear plus AR(1) —1.48 Linear plus AR(2) —1.48 5.7

*Also shown are second-best statistical models and net temperature change (K) from each (AT) and AT:) over the data period. Results are based on the
Schwarz Bayesian Information Criterion, 5g). Also shown are the net temperature change (K) from the linear model (ATy,), the number of breakpoints
(N;) identified in the time series, and the percentage difference in S(g) between the two best models AS. If “volcanically perturbed’ periods have been
exchided from the analysis, the table entry for “censored™ is “yes.” MSU is microwave sounding unit, and AR(1) and AR(2) are first- and second-order
autoregressive models, respectively.

1| 850-300 hPa Obsaniione _
0.0t ”"fr V‘% ﬂ*'uﬁl, AAJ‘{( J‘J..Ld.ﬁ }Tm ................ |

0.5 Linear+AR(1

wﬂwﬂw

1 BEEI 1 'EilEI 3 2000

SEIDEL AND LANZANTE: ALTERNATIVE TEMPERATURE CHANGE MODELS
JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 109, D14108, doi:10.1029/2003]1D004414, 2004
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Station locations are indicated by the individual red circles that are superimposed
on top of the 5° latitude by 5° longitude grid boxes to which they belong.
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Station locations are indicated by the individual red circles that are superimposed
on top of the 5° latitude by 5° longitude grid boxes to which they belong.
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Figure 8.15 Relation between maximum observed heat island

intensity (AT, _;max) and population (P) for North American
and European settlements (modified after Oke, 1973).
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Figure 3a: Typical Daily Summer Rural Energy Balance
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Figure 3b: Typical Daily Summer Urban Energy Balance
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Figure 1. Scheme of the new MMS canopy parameterization, DA-SM2-U, using the drag-force approach
with the soil model SM2-U(3D), compared with the roughness approach.
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CF5 (NCEP Climate Forecast System): a coupled ccean-atmosphere model, The atmoespheric part is a
low-reselution wersion of the ocperative medel GFS [Global Forecast System] while the oceanic
component is the version 3 of GFDL Modular Ocean Model (MOM3), CFS run on initial conditiens of 7
days ago obtained from MCER/MCAR Reanalysis-2 [for the atmesphere) and from GODAS [for the sea).
Results are produced for the partial first month and for the nine following menths [here are represented
enly the 3 follewing months],

CCCMA (Canadian Centre for Climate Modelling and Analysis): based on 2 second generation global
circulation medel, Results derive from a2 6-member ensemble [derived from the & days age). 55T's
anomalies are constant ower the three meonths of the forecast [current month and the following twe].
Madel run ever a Gaussian grid with 97=x48 grid-point, with an approximate resolution of 3.7 5x3.7 5,

References:

3 Sazha5. et al: The NCEP Climate Forecast System, 2005 [Accepted for publication in J.Climate]
) McFarlane,M.A, et al: The Canadian Climate Centre secend-generation general circulation

model and its equilibrium climate, 1,Climate,5,1013- 1044
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The actions that we take on climate change
should be robust to (1) the diversity of sci-
entific perspectives, and thus also to (11) the
diversity of perspectives of the nature of the
consensus. A consensus 1s a measure of a
central tendency and, as such, it necessarily
has a distribution of perspectives around
that central measure (/). On climate
change, almost all of this distribution 1s
well within the bounds of legiimate scien-
tific debate and reflected within the full text
of the IPCC reports. Our policies should not
be optimized to reflect a single measure of
the central tendency or, worse yet, carica-
tures of that measure, but instead they
should be robust enough to accommaodate
the distribution of perspectives around that
central measure, thus providing a buffer
against the possibility that we might learn
more in the future (2).

RO GER A. PIELKE JR.
Center for Science and Technology Policy Research,
University of Colorado, UCE 488, Boulder, CO
80309-0488, USA,



