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Slovo uvodem

» Prfednaska bude o projekci klimatu v tomto
stoleti, pfevazné podle modelt GCM.
Nepredpoklada se vliv geologickych
procesu, pfichod doby ledové, dopad
planetky, ani vyhasnuti Slunce..... (i kdyz se

pFipousti, Ze kazda z téchto uddalosti jednou prijde)




scénar klimatu vs scénar zmény klimatu

+ scénar klimatu = stav klimatu v daném obdobi
(A) ro€ni chod zakl. klim. charakteristik
(B) ¢asoveé fady dennich (tydennich, mésiénich) klim. charakteristik
* GCM: pfimy vystup z Glob.Klim.Modelu (zamitd se)
* RCM: vystup z Reg.Klim.Modelu vnofeného do GCM (ndroéné na V'T)
» SDS: statisticky downscaling (pro¢ ne, zeptejte se R.Hutha)
» modifikace pozorovanych fad podle scénafe zmény klimatu

* WG: pouziti stochastického generatoru, jehoz parametry byly modifikovany podle
scénafe zmény klimatu (zeptejte se mé)

* scénar zmény klimatu: roéni chod zmén vzhledem k
soucasnosti ¢i referenénimu obdobi
—porovnani ro¢nich chodl “future vs. present” (z GCM, RCM, SDS)
—scénare zahrnuji zmény praméra i variability

pfiklad 1: scénar pram.denni teploty pro
Trebon (3 GCM x 3 klim.citlivosti)
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priklad 2: scénar zmény klimatu pro Prahu
(podle poslednich GCM simulaci)
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konstrukce regionalnich scénaru
(zmény) klimatu

(s vyuZitim vystupu 7 modelit GCM)

* GCM: primy vystup je nepouzitelny (jak ro€ni chody,
tak Casové rady), nutny “post-processing” vystupu z
GCM:

— porovnani pfizemnich charakigristik pro budouci (napf. (2070-
2099) vs. (1961-1990). teploty: rozdily, srazky: podily
» produkt: scénar zmény klimatu, ktery se
— pficte k sou¢asnym kfivkam,
— k sou¢. pozorovanym fadam, nebo k modifikaci WG
— statistical downscaling (> R.Huth)
» produkt: €asové fady, z nich Ize odvodit sc.zmény klimatu

— RCM (projekt Cecilia):
» produkt: €asové fady, z nich Ize odvodit sc.zmény klimatu




konstrukce regionalnich scénaru
- kaskada nejistot

(modely GCM jsou jen jednim clankem retézce vedouciho k regiondlnimu scénari)

1. emission scenario

| =

carbon cycle & chemistry model =3

2. concentration of GHG and aerosols >> radiation forcing

DR

3. large-scale patterns of climatic characteristics

%> Fegionalizace / downscaling =3

L site-specific climate scenario

optimalnim feSenim by bylo...

pouziti mnoha emisnich scénaru
X

mnoho GCM simulaci

(superansambly = rizné GCM, riizné pocatecni podminky,
rizna nastaveni modeld,...)

> jenze...




problém uvedenych metod

+ GCM simulace jsou velice naroéné na VT, provadi se
jen pro omezeny pocet emisnich scénaru (které jsou vSak
jednim z hlavnich zdroju nejistoty).

* Chceme-li postihnout vySe uvedené nejistoty, nabizi se:
— http://www.climateprediction.net

— pouziti metody pattern scaling, ktera separuje nejistotu globalni a
“regionalni”

www.climateprediction.net




www.climateprediction.net

Expenment Status

Total Model Years
22,040,030.135

B g
Completed HadSM3
Runs
172,114

Completed Sulphur
Cycle Runs
14,770

Completed HadCM3L
Spinups
61

Completed HadCM3L
Transient Runs

10-Apr-2007 21:13:48
BOTNC
10-Apr-2007 14:00:01
BBC

10-Apr-2007 05-45:59

- vypocty distribuované mezi ucastniky sité
- zUCastnit se mUze kazdy
- rizné verze modell z Hadley Centre

climateprediction.net/BOINC User Map

www.climateprediction.net/

CPDM/BOINC Top Per-Capita Representation (Hosts/Million, »>=1M Pop!

Country With Greater Than 1 Million Population




www.climateprediction.net - ATg

(a) Frequency Distribution of All Independent Simulations
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pattern scaling technique




pattern scaling technique

assumption: pattern (spatial and temporal /annual cycle/)
is constant, only magnitude changes proportionally
to the change in global mean temperature:

AX(1) = AXs x ATy(1)

where AXg = standardised scenario ( = scenario related

toATz=1°C)
a) AXg = AXjipm) / AT (iam)

b) linear regression [x = AT; y = AX] going through zero

AT, = change in global mean temperature

! AT may be estimated by other means than GCMs !! (e.g.
simple climate models /~ MAGICC/)

validity of the pattern scaling technique - TEMP
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validity of the pattern scaling technique - PREC
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uncertainty in standardised scenario - PREC

ECHAM-4: standardised scenario
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uncertainty in standardised scenario - PREC

11 HadCM2: standardised scenario
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validity of the pattern scaling technique: TEMP

a) model = ECHAM4

a) model = ECHAM4

Fig. 4 Variance of grid-sp changes ined by
the pattern scaling technique. Regression model (going through zero)
is applied to monthly means of grid-specific TAVG (dependent variable)
The figure

Fig. 5 Number of months in which the standardised change of
TAVG does not significantly differ from zero at 0.01 level.

and global mean temperature (independent variable).
displays the means of 12 monthly values.




validity of the pattern scaling technique: PREC

a) model = ECHAM4

b) model = HadCM2
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Fig. 6 Variance of grid ific precipitation changes i by Fig. 7 Number of months in which the standardised change of
the pattern scaling technique. Regression model (going through zero) PREC does not significantly differ from zero at 0.01 level.

is applied to monthly means of grid-specific PREC (dependent variable)

and global mean temperature (independent variable). The figure

displays the means of 12 monthly values.

validity of pattern scaling - zaver

1) statisticka nevyznamnost regresnich koeficientli neznamena,
ze Pattern Scaling nelze pouzit. (nepouzitelnost by vSak vyplyvala
ze statisticky vyznamné nelinearity vztahu)

- statistickd nevyznamnost spiSe znamena, Ze v Casovych fadach
simulovanych modely GCM dominuje “pfirozena” variabilita,
ktera se da vhodné simulovat napfiklad stochastickym
generatorem.

2) regresni vztahy neextrapolovat !!!




uncertainties in estimating AT g

odhad ATG kaskada nejistot

h@ & chemistry@ :

2. concentration of GHG and aerosols

!

4. radiation forcing

b Ceommecer. > =

3. change in global temperature........... ATG




emisni scénare SRES
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SRES: emise a koncentrace
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Figure 17: Anthropogenic emissions of CO,, CH,, N,O and sulphur dioxide for the six illustrative SRES scenarios, A1B, A2, B1 and B2, A1Fl and
ATT. For comparison the IS92a scenario is also shown. [Based on IPCC Special Report on Emissions Scenarios.] 200
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Figure 18: Atmospheric concentrations of CO,, CH, and N,O resulting
from the six SRES scenarios and from the 1S92a scenario computed

Zdi"Oj.' IPCC_ TAR_ WGI_TS with current methodology. [Based on Figures 3.12 and 4.14]




SRES: radiative forcing
temperature change, sea level rise
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hlavni zdroje nejistot v odhadu ATg

- emisni scénare

- “klimaticka citlivost” (AT2xco2) = rovnovazna odezva prim.globalni
teploty na zdvojnasobeni CO2 v atmosfére:

- Aszcoz = 15-45K (lPCC)
1 - 9.3 K (90%; Andronova & Schlesinger, 2001)

* viz nasledujici slajd *

PDF(ATg) jsou €asto hledany pomoci vice€etnych ansamblovych
simulaci jednoduchého klim. modelu (napf. MAGICC) s perturbovanymi
parametry.

ATg (2100 vs. 1990) = 1.7-4.9 C (90%; Wigley et al, 2001)




Relative likelihood

uncertainty in climate sensitivity
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3 The frequency distribution

of simulated climate
sensitivity using all (2,578)
model versions (black), all
model versions except

3 those with perturbations to
3 the cloud-to-rain conversion
3 threshold (red), and all

3 model versions except

7 those with perturbations to
3 the entrainment coefficient
3 (blue).

3 Sensitivity is the equilibrium
3 response of the global

3 mean temperature of

4 doubling atmospheric levels

of carbon dioxide.

uncertainties in estimating ATg
(based on MAGICC model)

ATs = MAGICC (emiss. scenario, climate sensitivity, aerosols)

a)

b)

choice of emission scenario
- IPCC-AR2 scenarios: 1S92¢, 1S92a, 1S92e
- |IPCC-ARS3 scenarios: SRES-B1, -B2, -A1, -A2

climate sensitivity: AT,co2 = 1.5,2.5,4.5°C

effect of aerosols: YES / NO

MAGICC: www.cru.uea.ac.uk/~mikeh/software/MAGICC_SCENGEN.htm




global mean temperature in the 21st century
(effect of emission scenario, climatic sensitivity and aerosols)
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standardizované scénare zmény klimatu
podle GCM modell z IPCC-AR2

- zprava IPCC publikovéana: 1996
- data dostupna: ~ 2000
- vysledky nasledujici analyzy publikovany: 2005 (Climate Research)




Data

7 AOGCMs (1961-2099, series of monthly means) from IPCC-DDC:

CGCM1 (C) [1990-2100: 1% increase of compound CO2]
CCSR/NIES (J) [1990 - 2099: 1S92a]

CSIRO-MK2 (A) [1990-2100: 1S92a]

ECHAM4/OPYC3 (E) [since 1990: 1S92a]

GFDL-R15-a (G) [1958 - 2057: 1 % increase of compound CO2]
HADCMS3 (H; 4 runs!!l) [since 1990: 1% increase of compound CO2]
NCAR DOE-PCM (N) [bau (~IS92a) since 2000]

4 weather elements: TAVG - daily average temperature

DTR - daily temperature range
PREC - daily precipitation sum
SRAD - daily sum of glob.solar radiation

4 exposure units - see the map

IPCC-AR2: gridova struktura GCM modeli
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uncertainties affecting the scenario pattern

1. inter-model uncertainty (7 GCMs)

2. internal GCM uncertainty (4 runs of HadCM2)
(méla by odpovidat pfirozené klimatické variabilité)

3. choice of the site (4 sites in Czechia)

4. determination of the standardised changes

(~ std. errors in regression coefficients)

standardizované scénare zmeény klimatu

podle GCM z IPCC-AR2
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standardizované scénare zmény klimatu
4 druhy nejistot

2 | T reg
= s site = std. err. of reg.
= Gcm coeff
o _
'<>_.: 1 4 Had
= site = 4 sites in
0.5 Czechia
o GCM = inter-GCM
uncertainty
(~7 GCMs)
10 reg
= 5 site Had = internal HadCM
. Gem uncertainty (~
=) — 4 runs)
o Had
£
-10
-15

1 2 3 4 5 6 7 8 9 10 11 12 Y
month

Zaveér: scénare pro impaktové studie

nejistoty ve scénarich jsou, ale my vime jak na né.
V impaktovych studiich je treba pouzit vice scénaru:
- (3 hOanty ATG) X (3_4 Scéna’i:e) fandardizovﬂny scénar zmeny prum. denni teploty [Prﬂ

- propojeni scénarll se stochastickym »
generatorem (zajisti pfirozenou variabilitu) :

|
it
|

A(TAVG) [C]

oow

o 1 2 3 4 5 8 7 &8 8 W 11 2 1
mesic (13 = rok)

standardizovany scénar zmeny srézek [Praha]

zmena globalni teploty

0s

o
2000 2020 2040 2060 2080 2100 2120

horni odhad: SRES-A2 + AT 5,c0, =4.5K
dolni odhad: SRES-B1 + AT ,c0, = 1.5K
stfedni odhad: stf.emise + ATg 5,0, = 1.5 K






