Modelovani pocasi a klimatu
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INVESTICE DO ROZVOJE VZDELAVANI



ilustrovat:

@ existuji aplikace modelovani a simulace s velmi vyraznym
dopadem

@ je dllezité rozliSovat pocasi a klima
@ zakladni princip modelovani pocasi a klimatu

@ kontext modelovani



Pocasi a klima

pocasi

klima

aktudlni stav atmosféry (teplota, srazky, vitr)
modelovani zaméreno lokalné, na
kratkodobou pfedpovéd (v Fadu dni)

cilem co nejvétsi presnost

komercné vyznamné

dlouhodobé vzorce pocasi (v uréité asti
svéta)

modelovani zaméreno globalné, dlouhodobé
cilem urcit trendy

védecky, politicky vyznamné



Predpovidani pocasi vs. klimatu

predpovéd
zmény klimatu

pfedpovéd pocasi



Klimaticky systém
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Hlavni zdroje

@ Institute for atmospheric and climate science, Zurich
http://www.iac.ethz.ch/education/master/
numerical_modelling_of_weather_and_climate

e COMET Program, MetEd, University Corporation for
Atmospheric Research

e zpravy IPCC
http://www.ipcc.ch/


http://www.iac.ethz.ch/education/master/numerical_modelling_of_weather_and_climate
http://www.iac.ethz.ch/education/master/numerical_modelling_of_weather_and_climate
http://www.ipcc.ch/
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Vyznam, historie

Predpovidani pocasi: aplikace

o zemédélstvi
@ doprava (letecka)
@ turistika

... velky byznys

konkrétni priklad z 2010: vybuch Eyjafjallajokull, zastaveni
letecké dopravy, vliv predpovédi proudéni vzduchu
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Vyznam, historie

Predpovéd pocasi - vyznam
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Vyznam, historie

Historie

do 19. stoleti: pozorovani lokalnich znakd, znalost
pravidelnych vzor( pocasi

@ 19. stoleti: telegraf, predpovédi na zakladé vétsi oblasti

@ 1904, Bjerkes: formuluje predpovéd pocasi jako
matematicko-fyzikalni problém

@ 1922, Richardson: navrhuje princip numerické predpovédi
pocasi (ovéem manudlné, pocitale jesté neexistuji)

@ 1950, Fjortoft, von Neumann: prvni jednoduché vypocty
na ENIACu

@ od 1955: rutinni numerické predpovédi
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Zakladni principy

| Forecast |——| Verification ‘

Observations ’—" Guldam‘.a

Mode! Output

Direct Model Statistical Mumerical
Dutput Guidance Guidance
Postprocessing '—

[ 1
Assimilation | | Dynamics | | Physics |

1 ) ) «—

i i

Quality Control Computer
& Analysis Resources

Understanding Met.
Principles

Forecast Model

The COMET Program



Pocasi
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Zakladni principy

Ziskani a zpracovani dat

@ meéreni:
e pozemni stanice, letadla, satelity, ...
e nepravidelné rozmisténé
@ asimilace dat:
e pro simulaci potfebujeme data upravit
e pravidelnd mfizka
e aproximace s vyuzitim namérenych dat
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Zakladni principy

Rovnice

@ dynamika, napr.
e presuny vzduchu vlivem rozdill tlaku
o ochlazovani/ohfivani vlivem rozpinani/stlacovani, ...
o fyzika (parametrizace), napr.
e procesy s mensim rozliSenim nez je rozliSeni modelu
e vyména energie mezi atmosférou a okolim (napf. zemé,
more)
e mikrofyzika mrak, srazek
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Zakladni principy

Typy modeld

@ grid point models

o diskretizace

e pravidelnd mfizka
@ spectral models

o (nékterd) data ulozena jako prostorové viny
e napt. tlak
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Zakladni principy

Typy modelu: ilustrace
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Actual smooth and continuous Grid point model representation
temperature field in degrees C (similar of the same temperature field
to spectral model representation) in degrees C

Tha COMET Program
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Zakladni principy

3-D Grid box
(CO,, dust, H,0,)



Pocasi

Rozliseni

Horizontalni rozliseni

T.511 ~ 40 km T, 799 ~ 25 km
Total Total
# of # of
points points
in T 51 in T, 799
grid: grid:
348,528 843,490

Schar, ETH Zurich (European Centre for Medium-Range Weather Forecasts, ECMWF)
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Rozliseni

Vertikalni rozliseni
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Schar, ETH Zirich (European Centre for Medium-Range Weather Forecasts, ECMWF)
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Rozliseni

Casové rozlieni

@ jednotky minut az hodiny



Pocasi

Rozliseni

Konkrétni modely

@ Global Forecast System

o National Oceanic and Atmospheric Administration

e vystup volné dostupny pres Internet, podklady pro
mnoho sluzeb

e horizontalné 35 nebo 70 km, vertikdlné 64 Grovni

e predpovéd na 16 dni, detailné na 7 dni

e Aladin

o Aire Limitée Adaptation dynamique Développement
InterNational

e provozuje Météo-France, mezindrodni spoluprace
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Zmény klimatu

Modelovani klimatu

@ vyznamné nikoliv komerc¢né, ale:
o védecky — pochopeni fungovani svéta
e politicky — podklady pro rozhodovéni
@ cil prezentace
e ilustrovat modelovani a jeho souvislosti
e nikoliv komplexni vyklad problematiky, presvédéovani, ...

@ nasleduje neseridzni Gvod do aktualniho kontextu
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Zmény klimatu

. nejrozvinut€jsi zemé jednaji rozvazne ...

o

The Motron js :
"We Cave the planet,
but nof yi Forr ™
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Zmény klimatu

. rozvojové zemé viibec nemaji pochopeni ...

Yo! AMicol!

EED THAT TREE
1% EEUTECT US FROM |
THE GREENHOUSE EFFECT
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Zmény klimatu

... védci a politici se nemohou domluvit ...

ASSESSING THE /MPACT OF CLIMATE CHANGE ...

winquaug uyor @ 860-L00Z Z0/6L

THE SCIENTISTS THE PoLITICIANS
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Zmény klimatu

nékteri tvrdi, ze se mame prizplsobit ...

(ARCHTECT-DESIGHER FOR GLOBAL WARMING)
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Zmény klimatu

Intergovernmental Panel on Climate Change

(IPCC)

zalozeno World Meteorological Organization (WMO) a United
Nations Environment Programme (UNEP) v roce 1988

The role of the IPCC is to assess on a comprehensive,
objective, open and transparent basis the scientific, technical
and socio-economic information relevant to understanding the
scientific basis of risk of human-induced climate change, its
potential impacts and options for adaptation and mitigation.
The IPCC does not carry out research nor does it monitor
climate related data or other relevant parameters. It bases its
assessment mainly on peer reviewed and published
scientific/technical literature.
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Zmény klimatu

IPCC Assessment Reports

@ tfi pracovni skupiny:
o | véda ohledné zmén klimatu
o Il dopady zmén klimatu
e Il opatreni proti zménam klimatu

@ prvni zprava: 1990

druhd zprava: 1995 (zprava byla zdkladem jednani
vedoucich ke Koytskému protolu, 1997)

treti zprava: 2001

¢tvrtd zprava: 2007

2007: Nobelova cena za mir

patd zprava: 2013/14
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Zmény klimatu

Metodologie zkoumani zmeén klimatu

© zjisteéni stavu: méreni relevantnich dat, vhodné vyuziti
proxy dat, rekonstrukce daji v minulosti
@ porozuméni stavu: zkoumani fyzikalnich jev( ovliviujicich
klima
© predpovédi:
e scéndfe vyvoje antropomorfnich ukazateld (zejména
emise sklenikovych plynii)
e tvorba modelii, kalibrace modeli, predpovédi
© zavéry: ,summary for policymakers”
© akce?

pozn.:znacné zjednoduseno
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Zmény klimatu

Vyuziti proxy dat

Positive proof of global warming.

0y

Century ' 1900~ 1950 1970, 1980, 1990 2006
] (i , W Rarn 7 1 il f
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Modelovéni

Modelovani

Otézka neni, jestli budeme pouzivat modely.
Otazka je, jaké modely budeme pouzivat. J
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Vyvoj modell klimatu

Mid-1870s Mid-1980s Early-1980s Late-1980s Present day Early 200057
Land surface Land surface Land surface

Land surface

Ocean & sea-ce Ocean & sea-ice (Ooean & sea-ice -

QOcean & sea-ice
maodel
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Modelovéni

Vyvoj modell klimatu

Mid-1970s Mid-1980s

ivers Overturning——
Rivers c&rcu\alia% Interactive Vegetation
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Modelovéni

Hierarchie modeli

@ trojrozmérné modely
@ stredné slozité modely

@ abstraktni modely
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Trojrozmérné modely klimatu

Coupled Atmosphere-Ocean General Circulation Models
trojrozmérnd mrizka pokryvajici celou Zemi, rozliSeni
zhruba 1 bod na 3 stupné zemépisné Sirky (vysky), 30
vyskovych (hloubkovych) arovni

dale modelovany procesy na zemském povrchu a led

1 Casovy krok zhruba 30 minut

vypocetné naro¢né, neprilis vhodné pro dlouhodobé
simulace

zdaleka neporkyvaji vse (napf. El Nino déla problémy),
nutnost kalibrace, ...

viz napf. http://nomads.gfdl.noaa.gov/CM2.X/


http://nomads.gfdl.noaa.gov/CM2.X/

Modelovéni

0O0000e000

Global Circulation Model

horizontal grid (latitude - longitude)

vertical grid (height or pressure)

Physical Processes in a GCM
atmosphere
advection

<

heat water H
terregtrial
radigtion

sea ice
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Modelovéni

Jednoduché abstraktni modely

@ vyrazna redukce slozitosti (dvourozmérné i jednodussi)

@ vypocetné nendrocné, mozno spoustit pro velkou skalu
parametr(

@ zkoumani principidlnich moznosti vyvoje, role zpétnych
vazeb, citlivosti klimatu
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Modelovéni

Stredné slozité modely

e Earth System Models of Intermediate Complexity
@ mezi vySe zminénymi — relativné detailni, ale umoznujici
simulace s dlouhodobym vyhledem, analyzy citlivosti
e priklady:
e dvojrozmérné svazané modely atmosféra-ocean

o statistické atmosférické modely
e modely oceanu a srazek
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Modelovéni

Nejistoty

We fully recognise that many of the evaluation statements we
make contain a degree of subjective scientific perception and
may contain much “community” or “personal”’ knowledge. For
example, the very choice of model variables and model
processes that are investigated are often based upon the
subjective judgement and experience of the modelling
community. (IPCC report)




Vysledky simulaci

Temperature anomaly (*C)
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Vysledky simulaci

Multi-model Averages and Assessed Ranges for Surface Warming
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FIGURE SPM-5. Solid lines are multi-model global averages of surface warming (relative to 1980-99) for the scenarios
A2, ALB and B1, shown as continuations of the 20" century simulations. Shading denotes the plus/minus one standard
deviation range of individual model annual averages. The orange line is for the experiment where concentrations were
held constant at year 2000 values. The gray bars at right indicate the best estimate (solid line within each bar) and the
likely range assessed for the six SRES marker scenarios. The assessment of the best estimate and likely ranges in the gray
bars includes the AOGCMs in the left part of the figure, as well as results from a hierarchy of independent models and
observational constraints. {Figures 10.4 and 10.29}



Vysledky simulaci

AOGCM Projections of Surface Temperatures
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FIGURE SPM-6. Projected surface temperature changes for the early and late 21st century relative to the period 19:
1999. The central and right panels show the Atmosphere-Ocean General Circulation multi-Model average projections
the Bl (top). A1B (middle) and A? (bottom) SRES scenarios averaged over decades 2020-2029 (center) and 2090-2



Vysledky simulaci

Projected Patterns of Precipitation Changes

multi-model __A1B DJF multi-model A1B JJA

FIGURE SPM-7. Relative changes in precipitation (in percent) for the period 2090-2099. relative to 1980-1999. Values
are multi-model averages based on the SRES A1B scenario for December to February (left) and June to August (right).
White areas are where less than 66% of the models agree in the sign of the change and stippled areas are where more than
90% of the models agree in the sign of the change. {Figure 10.9}



Shrnuti

Shrnuti

@ modelovani pocasi — kratkodoby vyvoj, komercné
vyznamné

@ modelovani klimatu — dlouhodoby vyvoj, politicky a
spolecensky vyznamné

@ modelovani je v tomto pripadé pouzivano nejen pro
zkoumani moznych trend(, ale i pro kvantitativni
predpovédi
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