10. Projekce budouciho
klimatu na Zemi a
dopady klimaticke
zmeny



10.1 Radiac¢ni pusobeni jednotlivych
klimatotvornych faktoru

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

e od roku 1750 do 2011 Cini celkovg antropogenni radiaCni efekt
+2,29 W.m=2 (+1,13 az 3,33 W.m"

* rostouci vliv antropogennlho radiacniho efektu 1950: +0,57 W.m"2
(0,29 az 0,85 W.m), 1980: +1,25 W.m= (0,64 az 1, 86 W.m- 2)

« souhlasné (oteplovanl) pusobi i solarni faktor, ale jen 0,05 W.m=
(0,00 az 0,10 W.m>)

« ochlazujici u€inek atmosférickych aerosoll
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10.2 Emisni scénare

e emisni scénare — popisuji kvantitativné budouci vyvoj
koncentraci GHG na zakladé naplnéni urcitych
predpokladu

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

« SRES - 40 scénaru (z toho 35 obsahuje uplna data o
GHG), zahrnujicich hlavni demograficke, ekologicke a
technologické vlivy na budouci emise GHG a siry, ale
zadne dodatecné klimatologicke iniciativy (napr. typu
Kjotského protokolu)



« 4 zakladni skupiny SRES:

a) A1: velmi rychly ekonomicky rist — maximum populace
v poloviné 21. stoleti — rychlé zavadéeni novych a citlivych
technologii — konvergence mezi oblastmi — zvySene socialni a
kulturni interakce — vyznamné snizeni regionalnich rozdil
v hrubém prijmu na osobu — tfi skupiny technologickych zmen
v energetice: intenzivni vyuzivani fosilnich zdroju (A1Fl),
vyuzivani nefosilnich zdroju energie (A1T), rovnovaha ve
vyuzivani ruznych zdroju energie (A1B)

b) A2: velmi heterogenni svét — spoléhani 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 zmeny v ekonomickych strukturach s ohledem
na sluzby a informatiku — snizeni materialni spotfeby a zavedeni
Cistych, ke zdrojum citlivych technologii — globalni feSeni
ekonomicke, socialni a environmentalni udrzitelnosti, zahrnujici
pravni opatreni — bez dodateCnych klimatickych iniciativ

d) B2: lokalni feSeni ekonomicke, socialni a environmentalni
udrzitelnosti — svét se stale rostouci populaci, ale méne nez v A2
— prechodné urovneé ekonomickeho vyvoje — pomalejsi a
diverzifikovangjsi technologické zmény nezv B1 av A1 —
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, A1FI and
A1T. For comparison the 1S92a scenario is also shown. [Based on IPCC Special Report on Emissions Scenarios.]



RCP (Representative Concentration Pathway)

- predstavuiji Ctyri trajektorie (cesty) dosazeni urcitych
koncentraci sklenikovych plynu (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.m2 — vyrazné snizeni koncentrace CO,
v atmosfere (421 ppm k roku 2100)

b) RCP4.5 — 4,5 W.m2 — stabilizace koncentrace CO, na nizsi
urovni (538 ppm)

c) RCP6.0 — 6,0 W.m2 — stabilizace koncentrace CO, na vyssi
urovni (670 ppm)

d) RCP8.5 — 8,5 W.m2 — 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., Masui, T.,
Meinshausen, M., Nakicenovic, N., Smith, S. J., Rose, S. K. (2011): The
representative concentration pathways: an overview. Climatic Change, 109,
5—31.



https://scripps.ucsd.edu/programs/keelingcurve/2018/05/02/carbon-
dioxide-in-the-atmosphere-hits-record-high-monthly-average/

Stavajici koncentrace 8. kvetna 2020 je 417,04 ppm
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10.3 Projekce budoucich zmen teploty
vzduchu

Global surface warming (°C)

| 1 1 1

D ®IPCC 2007: WG1-AR4 [~

6.0 3 —— A —
5.0 | == Year 2000 Constant -
’ ] Concentrations -
- =—— 20thcentury ,

4.0 — =
3.0 — =
2.0 — =
1.0 — =
0.0 - =
-1.0 — :_
1900 2000 2100

Year

A1FI

Figre SM.5




(a) Global average surface temperature change
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Figure SPM.6 | Comparison of observed and simulated climate change based on three large-scale indicators in the atmosphere, the cryosphere and
the ocean: change in continental land surface air temperatures {yellow panels), Arctic and Antarctic September sea ice extent (white panels), and upper
ocean heat content in the major ocean basins {blue panels). Global average changes are also given. Anomalies are given relative to 18801919 for surface
temperatures, 1960-1980 for ocean heat content and 1979-1999 for sea ice. All time-series are decadal averages, plotted at the centre of the decade.
For temperature panels, observations are dashed lines if the spatial coverage of areas being examined is below 50%. For ocean heat content and sea ice
panels the solid line is where the coverage of data is good and higher in quality, and the dashed line is where the data coverage is only adequate, and
thus, uncertainty is larger. Model results shown are Coupled Model Intercomparison Project Phase 5 {CMIP5) multi-model ensemble ranges, with shaded
bands indicating the 5 to 95% confidence intervals. For further technical details, including region definitions see the Technical Summary Supplementary

Material. {Figure 10.21; Figure TS.12}
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RCP 2.6 RCP 8.5
(a) Change in average surface temperature (1986-2005 to 2081-2100)

? ‘ 32

Srafura — pramér modeld je maly vzhledem k pfirozené vnitini variabilitg, tj. méné
nez jednonasobek pfirozené vnitini variability ve 20-letém priméru. TeCkované -
prumér modelu je velky vzhledem k pfirozené vnitini variabilité (tj. vétsi nez
dvojnasobek pfirozené vnitini variability ve 20-letém praméru) a kde se nejméné
90% modelt shoduje ve znaménku zmény.



RCP8.5

RCP2.6
Change in average precipitation (1986-2005 to 2081-2100)
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Minule klima /

10.4 Projekce
dalsich zmeén v
navaznosti na
globalni
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Mozny efekt zmén v pruméru a chladno teplo
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teplotnich extrému: a) zvySeni ¢

prameéru, b) zvyseni rozptylu, Minulé Kiima
c) zvySeni pruméru a rozptylu
(upraveno podle Houghtona et

al., eds., 2001)
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Figure 1: Twentieth century sea level cuive (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- momh smoothing
{from Meyssignac and Cazenave, unpublished data).
(Cazenave, 2012)



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 /ikely range is shown as a shaded band. The assessed likely 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 1.0 03101.7
Global Mean Surface RCP4.5 14 0.9102.0 1.8 1.1102.6
Temperature Change (°C)? RCP6.0 13 08101.8 22 14103.1
RCP8.5 2.0 141026 37 261048
Scenario Mean Likely range® Mean Likely range!
RCP2.6 024 0.17 t00.32 0.40 0.26 t0 0.55
Glabal Mean Sea Level RCP4.5 0.26 0.19100.33 0.47 0.32 10 0.63
Rise (m)® RCP6.0 0.25 0.18100.32 0.48 0.33 t0 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 18501900, 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 cbservational 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 CMIPS 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 likely 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 medium, because the relative importance of natural
internal variability, and uncertainty in non-greenhouse gas forcing and response, are larger than for 2081-2100. The Jikely 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 fikefy ranges after accounting for additional uncertainties or different levels
of confidence in models. For projections of glabal mean sea level rise confidence is medium for both time horizons.
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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
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(where hidden) is indicated by a hatched line. [Based on Figure 3.13] CO, stabilisation. The stabilisation year for the WRE1000 profile is 2375.

broken lines after 2100 indicate increased uncertainty in the simple
climate model results beyond 2100. The black dots indicate the time of
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10.5 Strategie zmirnéni, popr. odvraceni
klimatické zmeéeny

 lidska spoleCnost se prizpusobila stavajicim klimatickym
podminkam na Zemi — pfevazujici negativni dusledky
potencialni klimatické zmeny

* odvraceni zmeny:

a) snizeni emisi GHG (mezinarodni iniciativy — napf. Kjotsky nebo
Pafizsky protokol)

b) zvySeni kapacity propadu GHG (napf. rozSifeni plochy lesnich
porostu)
« zmirnéni nasledku zmény:
a) studium dopadu klimatické zmény (impaktni studie)
b) pfedbézna opatfeni (strukturalni zmeény aj.)

Doplnék: prezentace Ing. Zamyslického pro fyzicko-geograficky
seminar



10.6 Dopady klimatické zmeény

K tomuto tématu:

vase prezentace z novéjsich materiall, pripravené pro
cviceni (viz IS - Odevzdavarna, cviceni 1)

prezentace dr. Zahradnicka pro fyzicko-geograficky seminar
prezentace doc. Cermaka pro fyzicko-geograficky seminar

prezentace dr. Puncochare pro fyzicko-geograficky seminar



