10. Projekce budouciho
kKlimatu na Zemi a
dopady klimaticke
zmeny



10.1 Radiacni pusobeni jednotlivych
klimatotvornych faktoru

« podil jednotlivych klimatotvornych faktoru je vyjadfen jejich
pfispévkem ve W.m=2 k radia¢ni bilanci (kladné hodnoty —
oteplovani, zaporné hodnoty — ochlazovani)

* 0od roku 1750 do 2011 Cini celkovg antropogenni radiacni efekt
+2,29 W.m2 (+1,13 az 3,33 W.m?)

» rostouci vliv antropogenniho radiacniho efektu 1950: +0,57 W.m
(0,29 az 0,85 W.m?), 1980: +1,25 W.m (0,64 az 1, 86Wm2)

« souhlasné (oteplovani) plsobi i solarni faktor, ale jen 0,05 W.m-2
(0,00 az 0,10 W.m™>)

« ochlazujici u€inek atmosférickych aerosolu



The global mean radiative forcing of the climate system
for the year 2000, relative to 1750
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2001) vzhledem k roku 1750
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NMVOC — nemetanové tékavé organicke

slou€eniny

Radiative forcing relative to 1750 (W m2)
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Observed warming

a) Observed warming
2010-2019 relative to
1850-19200
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b) Aggregated contributions to
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c) Contributions to 2010-2019
warming relative to 1850-1900,
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forcing studies
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10.2 Emisni scénare

* emisni scénare — popisuji kvantitativne budouci vyvoj
koncentraci GHG na zakladé naplneni urcitych
predpokladu

« prostrednictvim Mezivladniho panelu pro klimatické
zmeny (Intergovernmental Panel on Climate Change)
byly sestaveny scénare IPCC 1990, IPCC 1992 a SRES
(The IPCC Special Report on Emission Scenarios) pro
ctvrtou hodnotici zpravu IPCC

« SRES - 40 scénaru (z toho 35 obsahuje uplna data o
GHG), zahrnujicich hlavni demograficke, ekologické a
technologicke vlivy na budouci emise GHG a siry, ale
zadné dodatecné klimatologickeé iniciativy (napfr. typu
Kjotskeho protokolu)



« 4 zakladni skupiny SRES:

a) Al: velmi rychly ekonomicky rust — maximum populace
v polovineé 21. stoleti — rychlé zavadéeni novych a citlivych
technologii — konvergence mezi oblastmi — zvySené socialni a
kulturni interakce — vyznamné snizeni regionalnich rozdilu
v hrubém prijmu na osobu — tri skupiny technologickych zmén
v energetice: intenzivni vyuzivani fosilnich zdroju (A1FI),
vyuzivani nefosilnich zdroju energie (A1T), rovnovaha ve
vyuzivani ruznych zdroju energie (A1B)

b) A2: velmi heterogenni svet — spoléehani na sebe a uchovani
lokalni identity — pomala konvergence mezi regiony a stale
rostouci populace — ekonomicky vyvoj primarné regionalne
orientovany — ekonomicky rust v pfepoctu na hlavu a
technologické zmény pomalejSi a fragmentarni



c) B1: sbihavy svét — maximum populace v poloviné 21. stoleti, pak
pokles — rapidni zmény v ekonomickych strukturach s ohledem
na sluzby a informatiku — snizeni materialni spotreby a zavedeni
Cistych, ke zdrojum citlivych technologii — globalni feSeni
ekonomické, socialni a environmentalni udrzitelnosti, zahrnujici
pravni opatreni — bez dodatecnych klimatickych iniciativ

d) B2: lokalni feSeni ekonomickeé, socialni a environmentalni
udrzitelnosti — svét se stale rostouci populaci, ale méne nez v A2
— prechodné urovné ekonomického vyvoje — pomalejsi a
diverzifikovanéjsi technologické zmény nezv Bl av Al —
environmentalni ochrana a socialni pravo jen na lokalni a
regionalni urovni
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Anthropogenic emissions of CO,, CH,, N,O and sulphur dioxide for the six illustrative SRES scenarios, A1B, A2, B1 and B2, A1F| and
A1T. For comparison the 1S92a scenario is also shown. [Based on IPCC Special Report on Emissions Scenarios.]



RCP (Representative Concentration Pathway)

predstavuji Ctyfi trajektorie (cesty) dosazeni urcitych
koncentraci sklenikovych plynt (nejde o emisni scénare) na
konci 21. stoleti v porovnani s predindustrialnim obdobim, které
byly pripraveny pro potfeby modelovani a vyzkumu pro patou
hodnotici zpravu IPCC:

a) RCP2.6 — 2,6 W.m — vyrazné snizeni koncentrace CO,
v atmosfére (421 ppm k roku 2100)

b) RCP4.5 — 4,5 W.m= — stabilizace koncentrace CO, na nizSi
urovni (538 ppm)

c) RCP6.0 — 6,0 W.m — stabilizace koncentrace CO, na vysSi
urovni (670 ppm)

d) RCP8.5 — 8,5 W.m — bez omezeni emisi (936 ppm)
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The name “representative concentration pathways” was chosen to
emphasize the rationale behind their use. RCPs are referred to as pathways
In order to emphasize that their primary purpose is to provide time-
dependent projections of atmospheric greenhouse gas (GHG)
concentrations. In addition, the term pathway is meant to emphasize that it is
not only a specific long-term concentration or radiative forcing outcome, such
as a stabilization level, that is of interest, but also the trajectory that is taken
over time to reach that outcome. They are representative in that they are one
of several different scenarios that have similar radiative forcing and
emissions characteristics.

Source: IPCC Expert Meeting Report, Towards New Scenarios For Analysis
Of Emissions, Climate Change, Impacts, And Response Strategies, IPCC
2007

van Vuuren, D. P., Edmonds, J., Kainuma, M., Riahi, K., Thomson, A.,
Hibbard, K., Hurtt, G.C., Kram, T., Krey, V., Lamarque, J.-F., Masuli, T.,
Meinshausen, M., Nakicenovic, N., Smith, S. J., Rose, S. K. (2011): The
representative concentration pathways: an overview. Climatic Change, 109,
5-31.



SSP (Shared Socioeconomic Pathways)

Spolecné socioekonomicke trajektorie nebo téz Scénare
socioekonomického vyvoje

slouzi pro odvozeni emisnich scénaru pro ruzné klimatické politiky a
jsou pouzity v Sesté hodnotici zpravé IPCC

popisuji hlavni pravdépodobny globalni vyvoj a jsou urCeny pro
integrovane multidisciplinarni analyzy

charakterizuji alternativni socioekonomicky vyvoj, v€etné
udrzitelného rozvoje, regionalni rivality, nerovnosti, rozvoje
zalozeného na fosilnich palivech a rozvoje uprostred cesty

Sesta hodnotici zprava IPCC pouziva:

SSP1: Udrzitelny vyvoj (zelena cesta)

SSP2: Stredni cesta

SSP3: Regionalni rivalita (kamenita cesta)

SSP4: Nerovnosti (rozdélena cesta)

SSP5: Rozvoj zalozeny na fosilnich palivech (cesta po dalnici)



SSP1 - Udrzitelny vyvoj (zelena cesta)

Svét se postupné, ale ve vSech oblastech posouva smérem k udrzitelngjSimu
rozvoiji, ktery klade duraz na inkluzivnéjsi rozvoj respektujici predpokladané
environmentalni hranice. Pomalu se zlepSuje sprava globalnich spoleCnych
statkdl, investice do vzdélavani a zdravotnictvi urychluji demograficky prechod
a duraz na hospodarsky rust se pfesouva k SirSimu durazu na lidsky blahobyt.
Diky postupnému smérovani k dosazeni rozvojovych cilt se sniZzuje nerovnost
mezi jednotlivymi zemémi i uvnitr nich. Spotfeba se orientuje na nizké
materialni naroky a nizsi naroCnost na suroviny a energie.

SSP5 - Rozvoj zalozeny na fosilnich palivech (cesta po dalnici)

Tento svét stale vice veri v konkurencni trhy, inovace a participativni
spolecnosti, které maiji prinest rychly technologicky pokrok a rozvoj lidskeho
kapitalu jako cestu k udrzitelnému rozvoji. Globalni trhy jsou stale vice
integrovany. Rovnéz se vyrazné investuje do zdravotnictvi, vzdélavani a
instituci s cilem posilit lidsky a socialni kapital. SouCasné je tlak na
hospodarsky a socialni rozvoj spojen s vyuzivanim hojnych zdroju fosilnich
paliv a zavadenim zivotniho stylu narocného na zdroje a energii po celém
svété. VSechny tyto faktory vedou k rychlému rustu svétové ekonomiky;,
zatimco sveétova populace v 21. stoleti dosahne svého maxima a bude klesat.
Lokalni problémy zivotniho prostredi, jako je znecCisténi ovzdusi, jsou uspesné
zvladany. Existuje vira ve schopnost ucinné ridit socialni a ekologicke
systemy, v pripade potreby i pomoci geoinzenyrstvi.



Future emissions cause future additional warming, with total warming
dominated by past and future CO, emissions

a) Future annual emissions of CO, (left) and of a subset of key non-CO, drivers (right), across five illustrative scenarios
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10.3 Projekce budoucich zmen teploty
vzduchu

Global surface warming (°C)
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(a) Global average surface temperature change
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CMIP5 (Coupled Model Intercomparison Project) multi-modelové simulace
fady pramérné globalni roéni teploty vzduchu pro obdobi 1950-2100 s
ohledem na referenéni obdobi 1986-2005 (uveden pocet modell pouzitych k
vypoCtu a meze nejistoty)



RCP 2.6 RCP 8.5
e in average surface temperature (1986-2005 to 2081-2100)
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Srafura — primér modeld je maly vzhledem k pfirozené vnitini variabilitg, tj. méné
nez jednonasobek pfirozené vnitini variability ve 20-letém praméru. TeCkované -
pramér modelu je velky vzhledem k pfirozené vnitfni variabilité (tj. vétsi nez
dvojnasobek pfirozené vnitini variability ve 20-letém priméru) a kde se nejméné

90% modell shoduje ve znaménku zmény.



RCP8.5

RCP2.6
Change in average precipitation (1986-2005 to 2081-2100)
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b) Contribution to global surface temperature increase from different emissions, with a dominant role of CO, emissions
Change in global surface temperature in 2081-2100 relative to 1850-1900 (°C)
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10.4 Projekce
dalsich zmeén v
navaznosti na
globalni
oteplovani

Mozny efekt zmén v pruméru a
rozptylu na variabilitu
teplotnich extrému: a) zvySeni
prumeéru, b) zvysSeni rozptylu,
c) zvySeni pruméru a rozptylu
(upraveno podle Houghtona et
al., eds., 2001)
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Figure 1: Twentieth century sea level curve (in black and associated uncertainty in light gray) based on tide gauge
data and additional information (data from Church and White 2011). Box: altimetry-based sea level curve between
1993.and 2011 (data from AVISO; www.aviso.oceanobs.com/en/data/products/sea-surface-height-products/
global/msla/index.html). Blue points represent data at 10-day intervals, the red curve their 4- month smoothing:
(from Meyssignac and Cazenave, unpublished data).

(Cazenave, 2012)



Latest MSL Measurement
21 February. 2022 +3 . 53 m m /yr

Reference GMSL - corrected for GIA
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Global mean sea level rise
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Figure SPM.9 | Projections of global mean sea level rise over the 21st century relative to 1986-2005 from the combination of the CMIP5 ensemble
with process-based models, for RCP2.6 and RCP8.5. The assessed likely range is shown as a shaded band. The assessed /ikely ranges for the mean
over the period 2081-2100 for all RCP scenarios are given as coloured vertical bars, with the corresponding median value given as a horizontal
line. For further technical details see the Technical Summary Supplementary Material {Table 13.5, Figures 13.10 and 13.11; Figures T5.21 and T5.22}



Table SPM.2 | Projected change in global mean surface air temperature and global mean sea level rise for the mid- and late 21st century relative to the
reference period of 1986-2005. {12.4; Table 12.2, Table 13.5}

2046-2065 2081-2100
Scenario Mean Likely range® Mean Likely range®
RCP2.6 1.0 041016 10 03t01.7
Global Mean Surface RCP4.5 14 09102.0 1.8 111026
Temperature Change (°C)? RCP6.0 13 08101.8 22 14103.1
RCP8.5 20 141026 3.7 261048
Scenario Mean Likely range¢ Mean Likely ranged
RCP2.6 0.24 0.17 10 0.32 0.40 0.26 t0 0.55
Global Mean Sea Level RCP4.5 0.26 0.19100.33 0.47 0.32 10 0.63
Rise (m)® RCP6.0 0.25 0.18 10 0.32 0.48 0.33 10 0.63
RCP8.5 030 0.22 10 0.38 0.63 0.45 10 0.82

¢ Based on the CMIP5 ensemble; anomalies calculated with respect to 1986-2005. Using HadCRUT4 and its uncertainty estimate (5-95% confidence interval), the
observed warming to the reference period 1986-2005 is 0.61 [0.55 to 0.67] °C from 1850-1900, and 0.11 [0.09 to 0.13] °C from 1980-1999, the reference period
for projections used in AR4. Likely ranges have not been assessed here with respect to earlier reference periods because methods are not generally available in the
literature for combining the uncertainties in models and observations. Adding projected and observed changes does not account for potential effects of model biases
compared to observations, and for natural internal variability during the observational reference period {2.4; 11.2; Tables 12.2 and 12.3}

b Based on 21 CMIPS models; anomalies calculated with respect to 1986—2005. Where CMIP5 results were not available for a particular AOGCM and scenario, they
were estimated as explained in Chapter 13, Table 13.5. The contributions from ice sheet rapid dynamical change and anthropogenic land water storage are treated as
having uniform probability distributions, and as largely independent of scenario. This treatment does not imply that the contributions concerned will not depend on the
scenario followed, only that the current state of knowledge does not permit a quantitative assessment of the dependence. Based on current understanding, only the
collapse of marine-based sectors of the Antarctic ice sheet, if initiated, could cause global mean sea level to rise substantially above the fikely range during the 21st
century. There is medium confidence that this additional contribution would not exceed several tenths of a meter of sea level rise during the 21st century.

< Calculated from projections as 5-95% model ranges. These ranges are then assessed to be /ikely ranges after accounting for additional uncertainties or different levels
of confidence in models. For projections of global mean surface temperature change in 2046—2065 confidence is medijum, because the relative importance of natural
internal variability, and uncertainty in non-greenhouse gas forcing and response, are larger than for 2081-2100. The /ikely ranges for 2046—2065 do not take into
account the possible influence of factors that lead to the assessed range for near-term (2016—2035) global mean surface temperature change that is lower than the
5-95% model range, because the influence of these factors on longer term projections has not been quantified due to insufficient scientific understanding. {11.3}

4 Calculated from projections as 5-95% model ranges. These ranges are then assessed to be /ikely ranges after accounting for additional uncertainties or different levels
of confidence in models. For projections of global mean sea level rise confidence is medium for both time horizons.



Teplota vzduchu (°C)

Projekce teploty vzduchu v CR (CzechGlobe — Zahradniéek et al.)
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Srazkové uhrny {(mm)

Projekce srazkovych uhrnti v CR (CzechGlobe — Zahradniéek et al.)
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Near term, 2021-2040 Mid-term, 20412060 Long term, 2081-2100

Scenario | Best estimate | Very likely | Best estimate | Very likely | Best estimate | Very likely

(°O) range (°C) (°O) range (°C) (°O) range (°C)
SSP1-1.9 1.5 1.2to 1.7 1.6 1.2t02.0 1.4 1.0to 1.8
SSP1-2.6 1.5 1.2to 1.8 1.7 1.3t02.2 1.8 1.3t02.4
SSP2-4.5 1.5 1.2to 1.8 2.0 1.6to 2.5 2.7 2.1t03.5
SSP3-7.0 1.5 1.2to 1.8 2.1 1.7 to 2.6 3.6 2.8t04.6
SSP5-8.5 1.6 1.3t0 1.9 2.4 1.9t0 3.0 4.4 3.3t05.7

Projekce globalni teploty vzduchu pro vybrana dvacetileti 21. stoleti (referencni
obdobi 1850-1900)

(IPCC, 2021)

https://www.ipcc.ch/report/ar6/wgl/downloads/report/IPCC_AR6_WGI Full Re

port.pdf
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Projcted CO, emissions permitting stabilisation of atmospheric
CO, concentrations at different final values. Panel (a) shows the assumed
trajectories of CO, concentration (WRE scenarios) and panels (b) and (c) 3 ; -
show the implied CO, emissions, as projected with two fast carbon cycle profiles (see Chapter 9 Section 9.3.3). For comparison, results based on
models, Bern-CC and ISAM. The model ranges for ISAM were obtained the S profiles in the SAR are also shown in green (S1000 not available).
by tuning the model to approximate the range of responses to CO, and
climate from model intercomparisons. This approach yields a lower bound
on uncertainties in the carbon cycle response. The model ranges for Bern-

Simple model results: Projected global mean temperature
changes when the concentration of CO, is stabilised following the WRE

The results are the average produced by a simple climate model tuned
to seven AOGCMs. The baseline scenario is scenario A1B, this is

CC were obtained by combining different bounding assumptions about the specified onlyto 2100. Aﬁér 2109 the emls%lons ofigases other than
behaviour of the CO, fertilization effect, the response of heterotrophic CO, are assumed to remain constant at their A1B 2100 values. The
respiration to temperature and the turnover time of the ocean, thus projections are labelled according to the level of CO, stabilisation. The

approaching an upper bound on uncertainties in the carbon cycle broken lines after 2100 indicate increased uncertainty in the simple
response. For each model, the upper and lower bounds are indicated by

) climate model results beyond 2100. The black dots indicate the time of
the top and bottom of the shaded area. Alternatively, the lower bound . L g
(where hidden) is indicated by a hatched line. [Based on Figure 3.13] CO, stabilisation. The stabilisation year for the WRE1000 profile is 2375.



Global surface warming (°C)
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IPCC, 2021: Summary for Policymakers. In: Climate Change 2021: The
Physical Science Basis. Contribution of Working Group | to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change
[Masson-Delmotte, V., P. Zhai, A. Pirani, S. L. Connors, C. Péan, S. Berger,
N. Caud, Y. Chen, L. Goldfarb, M. I. Gomis, M. Huang, K. Leitzell, E. Lonnoy,
J.B.R. Matthews, T. K. Maycock, T. Waterfield, O. Yelekgi, R. Yu and B. Zhou
(eds.)]. Cambridge University Press, v tisku.

B — Mozné budouci klima

B.1 Globalni povrchova teplota bude podle vSech uvazovanych emisnich
scénaru stoupat nejméné do poloviny stoleti. Globalni otepleni 0 1,5 °C a
2 °C bude v prabéhu 21. stoleti pfekroc¢eno, pokud v nadchazejicich
desetiletich nedojde k vyraznému snizeni emisi CO, a dalSich
sklenikovych plyna.

B.2 Mnohé zmény v klimatickém systému jsou vyraznejSi v primé
souvislosti s rostoucim globalnim oteplovanim. Patfi k nim zvysSeni
Cetnosti a intenzity extrémne vysokych teplot, morskych vin veder a
vydatnych srazek, zemedélské a ekosystémové sucho v nékterych
regionech, podil silnych tropickych cyklon, jakoz i snizeni rozsahu
arktického morského ledu, snéhové pokryvky a permafrostu.



B.3 Pokracujici globalni oteplovani pravdépodobné dale posili globalni
kolobeh vody, vCetne jeho promenlivosti, globalnich monzunovych srazek
a zavaznosti vihkych a suchych udalosti.

B.4 Ve sceénarich s rostoucimi emisemi CO, je pravdépodobne, ze propady
uhliku v oceanech a na pevniné budou méné zpomalovat akumulaci CO, v
atmosfére.

B.5 Mnohé zmény zpusobené minulymi a budoucimi emisemi sklenikovych
plynl jsou nevratné po staleti az tisicileti, a to zejména zmény v oceanech,
ledovcich a globalni hladiné oceanu.



C. Informace o klimatu pro hodnoceni rizik a regionalni adaptace

C.1 Prirodni faktory a vnitfni variabilita budou ovliviiovat zmény zpusobené
Clovékem, zejména v regionalnim meéritku a v blizké budoucnosti, s malym
vlivem na dlouhodobé globalni oteplovani. Tyto pfirozené vlivy je dulezité
zvazovat pfri pripravach na cely rozsah moznych zmen.

C.2 S postupujicim globalnim oteplovanim se predpoklada, ze v kazdém
regionu bude dochazet k souCasnym a kombinovanym zmeénam klimatickych
prvku. Zmeény nékterych téchto prvku by byly rozsahlejSi pfi globalnim otepleni
0 2 °C ve srovnani s oteplenim o0 1,5 °C a jeSté rozsahlejSi a/nebo vyraznéjsi
pri vysSi urovni otepleni.

C.3 Vysledky s nizsi pravdépodobnosti vyskytu, jako je zhrouceni ledového
prikrovu, nahlé zmény oceanskeé cirkulace, nékteré kombinované extrémni jevy
a podstatné vétsi otepleni, nez dnes velmi pravdépodobné oekavané, nelze
vyloucit. Jsou soucasti hodnoceni rizik.



10.5 Strategie zmirneéni, popr. odvraceni
klimatické zmeny

* lidska spoleCnost se pfizpusobila stavajicim klimatickym
podminkam na Zemi — prevazujici negativni dusledky
potencialni klimatické zmeny

« odvraceni zmeny:

a) snizeni emisi GHG (mezinarodni iniciativy — napf. Kjotsky nebo
Parizsky protokol; narodni, mistni a lokalni iniciativy)

b) zvySeni kapacity propadu GHG (napf. rozSifeni plochy lesnich
porostu)
« zmirnéni nasledkt zmény:
a) studium dopadu klimatické zmény (impaktni studie)
b) predbézna opatfeni (strukturalni zmény a;.)



D. Omezeni budouci zmeny klimatu

D.1 Z fyzikalniho hlediska vyzaduje omezeni globalniho oteplovani
zpusobeného ¢lovékem na urcitou uroven zastaveni rlstu kumulativnich
emisi CO,, a to dosazenim alespon nulovych Cistych emisi CO, spolu s
vyraznym snizenim emisi dalSich sklenikovych plynu. Silng, rychlé a trvalé
snizeni emisi CH, by rovnéz omezilo oteplovaci ucinek vyplyvajici z
klesajiciho znecCisténi aerosoly a zlepsilo by kvalitu ovzdusi.

D.2 Scénare s nizkymi nebo velmi nizkymi emisemi sklenikovych plynu
(SSP1-1.9 a SSP1-2.6) vedou béhem nékolika let ke znatelnym vlivim na
koncentrace sklenikovych plynu a aerosolt a na kvalitu ovzdusi ve
srovnani se scenari s vysokymi a velmi vysokymi emisemi sklenikovych
plynt (SSP3-7.0 nebo SSP5-8.5). Podle téchto kontrastnich scénaru by se
znatelné rozdily v trendech globalni povrchoveé teploty zaCaly projevovat
oproti prirozené variabilité pfiblizné do 20 let a v pfipadé mnoha dalSich
klimatickych prvku v delSich ¢asovych obdobich (vysoka spolehlivost).



