6. Paleoklimatologie
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« zmeéna klimatu — klimatické vykyvy se zretelne
vyjadrenym dlouhodobym trendem (ochlazovani,
oteplovani) v ¢asovém intervalu 103 rok( a vice,
podminénym zmeénou zakladnich klimatotvornych faktoru

- paleoklimatické udaje

nepfimé (proxy) udaje o klimatu z obdobi presahujiciho 102 let —
informace o klimatu je ,zakodovana“ v podobé néjaké mérené
charakteristiky (letokruhy, jezerni sedimenty, ledovcova jadra aj.) a
musi byt ziskana na zakladé nalezeni vztahu mezi takovou
charakteristikou a parametrem klimatu — Casove homogenni
zaznam — problém mozné zmeny predpokladané vazby v minulosti

* princip aktualnosti — stejné vztahy mezi klimatem a
prirodnimi procesy a jevy platily v minulosti stejne jako v
soucasnosti

* problém datace



6.1 Prirodni proxy data

(1) Glaciological (ice cores)

{a) geochemistry (major ions and isotopes of oxygen and hydrogen)
(b} gas content in air bubbles
(c) rrace element and microparticle concentrations

(d) physical properties (e.g., ice fabric)

(2) Geological

{A) Marine {ocean sediment cores) (3) Biological

(i)  Biogenic sediments (planktonic and benthic fossils) - : : o e
. 5 Yy {a} tree rings (width, density, stable isotope composition)

€n iSOtopiC COMmpOosit . : :

fa) c.:xyg PRt positon (b} pollen (type, relative abundance, and/or absolute concentration)
(b) faunal and floral abundance : ; AL
L s (c) plant macrofossils (age and distribution)

(c) morphological variations {d) insects (assemblage characteristics)

{d) alkenones (from diatoms) io)- coralii[genchamisery)

(B inorgatic sedimerts (ff diaroms, ostracods, and other biota in lake sediments (assemblages, abundance,
{a) rerrestrial {aeolian) dust and ice-rafred debris and/or geochemistry)
(b) clay mineralogy (g} modern population distribution (refugia and relict populations of plants
(B) Terrestrial and animals)

{a) glacial deposirts and features of glacial erosion
(b} periglacial features . .
{c) shorelines (Eustaric and glacio-eustatic features)

(d} aeolian deposits (loess and sand dunes)

(e) lacustrine sediments, and erosional features (shorelines)
(f) pedological features (relict soils)

(g) speleothems (age and stable isotope composition)

Bradley (1999)



Charakteristiky paleoklimatickych zdroju dat

Minimum Temporal Potential
Archive sampling interval range (order: yr) information derived
Historical records day/hr ~-103 TERB,V,MLS
Tree rings yriseason ~104 T,BB,V,M,S
Lake sediments yr {varves) to 20 yr ~104-10¢ T.B,M,BV,C,
Corals yr ~10% Gl T P
[ce cores yT ~5%10° TR RV NS
Pollen 20 yr ~10° T.PB
Speleothems 100 ~5x10° G T, .F
Paleosols 100 yr ~10% T,PB
Loess 100 yr ~10% P, B, M
Geomorphic features 100 yr -108 TN EE
Marine sediments 500 yr? ~107 =B M TP

T = remperature

P = precipitation, humidiry, or water balance (P-E)
C = chemical composition of air (C_) or water (Cy)
B = informartion on biomass and vegetation patterns
V = volcanic eruptions

M = geomagnetic field variarions

L = sea level

S = solar activicy

After Bradley and Eddy (1991).
2 In rare circumstances (varved sediments) <10 yr.

Bradley (1999)



Paleoklimaticka rekonstrukce

Climatic evidence

*—1 - Trady proxy-dat (letokruhy, teplotni
Proxy Instrumental a srazkové indexy, jezerni sedimenty,
speleotémy atd.)
Y Y
i . - kalibrace: prenosova funkce (proxy
Time series “y ooy ,
«— versus mérené udaje) pro obdobi
Proxy Instrumental prekryvu
N f/f’ ’ - verifikace: ruzné statistiky
Y »
Calibration - - rekonstrukce
Y
Verification

}
* Diagram kvantitativni

paleoklimatické rekonstrukce



Index

dT["C]

Prenosova funkce je stanovena pro obdobi prekryvu a aplikovana na
proxy data predchoziho obdobi.

T(rek) = f(proxy) T(mé&F) = f(proxy) T(vyp) v. T(mer)
:_ mDJF_Index
4
2
0
g
-4 -
- -
-0
1701 1711 1721 173 1741 1751 1761 1770 1731 1731 1801 1901 1821 1831 1841
D pld Pl >
rekonstrukce kalibrace verifikace
G
— T measured
4 - !
2
0 A ﬁﬂﬂl\/\ i ij'"‘\ I/ /\ fi g
A mine \]\,\j \.JV W
-4
5 -
A
1

o1 1711 17241 173 1741 1751 1761 17 1781 1791 18M 1811 1821 1831 1841



6.1.1 Ledovcova jadra

Schematicky fez ledovcovou Capkou

Preména snéhu ve firn a led
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TOTAL PARTICLES

K >0.63t0<16.0 mm
oncen Y in DIAMETER perml  VISIBLE
o entrace prachovych of SAMPLE (10%) STRATIGRAPHY 5180%.
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| TromicoE - Figure 2. The stratigraphic parameters used to date the Quelccaya cores

) showing a 50-year period from 1775 to 1825. Annual signals are recorded in
TR W = 1l microparticle concentrations (particles from 2 0.63 to 16.0 um in diameter per
ml) of sample, oxygen isotopes, and visible stratigraphy. For stratigraphy, a
single solid line represents a normal dry-season dust layer; a single dashed
line and double dashed line represent very light and light dust layers, respec-
tively. Series of X's symbolize diffuse dry-season layers (Thompson et al.,
1986).



Izotopy jsou dany kolisanim hmoty v atomech kazdého  “]
prvku. Kazdé jadro atomu je tvoreno protony (pocet v
jadre vzdy stejny) a neutrony (pocet muze kolisat).
Atomy kysliku maiji vzdy 8 proton(, ale bud 8 (160 — 71 \JieeT)
99,76 %), 9 (70 — 0,04 %) a 10 neutrond (180 — 0,20 %). ™| o=

15° 4 ez T T
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Dunde Ice Cap, China, 1987
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Figure 1. The 1000-year averages of dust concentrations (diameters > 2.0 um), §'80, Cl', NO5, and SO, are illustrated for the

last 40,000 years. The late glacial stage-Holocene transition is characterized by an abrupt decrease in insoluble dust, an in-

crease in dissolved species, and a more gradual warming inferred from §!80. Departures _from the mean values of all samples in

the 40,000-year record (not the individual 1000-year averages) are shaded. There are 5 meters of ice below the 40,000 -year
model cutoff shown here (Thompson et al,, 1989).



Depth at Summit (m)

Analyza pomeéru izotopt kysliku 880 = (R - R,) / R,
kde R je pomér namérenych koncentraci v ledovcovém jadru a R, je srovnavaci
pomér izotopl v oceanu, pficemz R, resp. R, = ¢('80) / ¢("°0)

Pomér 5’80 je nepfimo umérny teploté a vyjadfuje:
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 atmosférické procesy mezi zdrojem
vodni pary a mistem depozice

* mistni podminky béhem zmény firnu
v led

* nadmorskou vySku a zemeépisnou
Sifku lokality




Antarctica, 1985
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Sintering Process

A Surface Density (g/cm’)
=
e g
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Koncentrace izotopu berylia 1°Be
jako proxy indikatoru sluneéni
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kambium drer

Dendrochronologie je nauka
pouzivajici letokruhovych analyz k
datovani udalosti.

trorka

Dendroklimatologie — vyuziva
existujici chronologie
letokruhovych charakteristik (Sifka,
hustota, izotopy) pro rekonstrukci
Klimatu.

arni drevo

ietni dfevo

6.1.2 Letokruhy

hranice
ietokrunu




« zakladni princip dendroklimatologické

rekonstrukce vychazi z tzv.

faktoru v minimu znamenajiciho, ze okolni podminky se blizi limitni

hranici preziti organismu
* horni hranice lesa — teplota vzduchu
* dolni hranice lesa — srazky
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upraveno podle Fritts, 1976




Mérené
charakteristiky
letokruhu

Hustota dfeva [g.om™]
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. Maméfens Sifly letokiruhd

Sitka letokrizhu [mm]
€ 8 & & 8

Datovani letokruhovych rad
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e | * Stromy jednoho druhu v daném
regionu vykazuji ur€itou podobnost
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« standardni chronologie pro druh a
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Standardizace

e odstranéni rustového trendu

* vytvofeni bezrozmérné
indexové chronologie pro
stanovisté (oblast)
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Chronologie smrku - Krkonose

Index

Index
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Funkce odezvy letokruhovych charakteristik smrku na teplotu vzduchu
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Porovnani rekonstrukce teploty
vzduchu teplého ptilroku podle
chronologie smrku v
KrkonoSich se stanici Praha-
Klementinum a
dendroklimatologickou teplotni
rekonstrukci pro stfedni
Evropu. Dendroklimatologicka
rekonstrukce zjevné potlacuje
nizkofrekvencni teplotni signal.

Brazdil, R., Dobry, J., Kyncl, J.,
Stépankova, P. (1997):
Rekonstrukce teploty vzduchu
teplého piilroku v oblasti Krkono$
na zaklad¢ letokruht smrku v
obdobi 1804—-1989. Geografie —
Sbornik Ceské geografické
spolecnosti, 102, €. 1, s. 3—16.

Odchylky teploty vzduchu (°C)

~ Rekonstruovana fada

-‘IBUD 1820 1840 1860 1880 1900 1920 1940 1960

- Praha-Klementinum

-1800 1820 1840 1860 1880 1900 1920 1940 1960

B Stiedni Evropa

< -1800 1820 1840 1860 1880 1900 1920 1940 1960




Chronologie jedle na
j1Zni Moravé z obdobi
1376—1996 odvozena z
zivych porostil a
historickych diev

Sitka letokruhu

Poéet vzorkl

0 | | | T [
1300 1400 1500 1600 1700 1800 1900 2000
Vranovské pfehrada - Zivé porosty 52 I
Uhertice - zamek 5 I
Buéovice - zamek 7 I
Napajedla - zamek 15 I
Dolni Véstonice - sypka 20 I
Tel& - kostel Jména JeZig 7
36 I Vranov n. Dyji - zamek
31 Datice - kladter
20 I Uheréice - zamek
¢ I Bugovice - zamek
6 I Lidéfovice - kostel sv. Linharta
8 Telé - kostel sv. Jakuba
[ I | | I I
1300 1400 1500 1600 1700 1800 1900 2000
120
80 -
40 -
0

1600 1700

1500
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Rada srazkovych thrnii bfezna-&ervence na jizni Moravé v obdobi 13761996

rekonstruovanych na zakladé dendrochronologie jedle

Rekonstruovana fada srazkovych uhrni bfezna-ervence

Srazky [%]

"'u"I""""'I""""'I""""'I""""

1400 1500 1600 1700

1800

1800

2000

Brazdil, R., étépénkové, P., Kyncl, T., Kyncl, J. (2002): Fir tree-ring reconstruction of March-
July precipitation in southern Moravia (Czech Republic), 1376-1996. Climate Research, 20, €.

3, 8. 223-239.



Vyuziti letokruhovych chronologii k analyze meteorologickych
extrém

Jedle — jizni Morava — reakce na srazky

Sifka letokruht

-

X+4s —
Siroké letokruhy
1648-1651 1712-1714

X+3s -

1772
1529-1531 1574

T ‘| iHi Jl .h

ST I'\H T
X-25 1 T ‘ 1961
1535 1
Uzkeé letokruhy 1541 1547 1636-1638 1718-1721 1929 —
)_(-38 e O O O L L L L L
1400 1500 1600 1700 1800 1900 2000

* Sirokeé letokruhy — vlhka obdobi
* uzké letokruhy — sucha obdobi, extrémni mrazy, kalamity (Skudci)

« vétSina extrému v pred-instrumentalnim obdobi dolozena dokumentarnimi udaji



Tree-ring width series from Southern Moravia
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(A) Temporal distribution of the 117 living (Liv; green) and 165 historic (Hist; red) TRW series, and
their corresponding pith-offset (po; grey); (B) Regional Curves (RCs) of the data mean (All; 282
series) and the subsets (Liv and Hist) with and without considering pith-offset (po); (C) Relationship
between mean segment length (MSL) and average growth rate (AGR) classified into living and
historic data. MSL and AGR of all 282 series is 95 yr and 1.37 mm (living trees:116 yr and 1.08 mm;
historic trees: 79 yr and 1.57 mm) (Buentgen et al., 2011)



MJ Z-index
reconstruction

May-June Z-Index

May-June Z-Index
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index with the boxes referring to ten wettest and ten driest decades



Precipitation reconstruction based on oak TRWs (Dobrovolny et al., in prep.)
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Oak (Quercus sp.) chronology characteristics in Bohemia
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Precipitation amomalies from 1961-1990 [mm]
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Measured (blue) and reconstructed (red) May—July precipitation anomalies with respect
to 1961-1990 reference period for (a) early calibration (1901-1940) / late verification
(1941-1980) and (b) late calibration (1941-1980) / early verification (1901-1940) in
Bohemia; reconstructed values from regression were re-scaled to measured
precipitation totals; (c) comparison of measured values with those reconstructed by
linear regression method (Irm) and variance scaling (cps) — explained variability: 34%



Precipitation amomalies from 1961-1990 [mm]
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Reconstructed (1040-2013, green) and measured (1901-2013, blue) May-
July precipitation totals for Bohemia smoothed by Gaussian filter for 30
years (black). Horizontal bars indicate occurrence of 30-year periods with
the lowest (1448-1477, red) and the highest (1134-1163, blue) precipitation;
red (blue) points show 11 absolutely lowest and 10 absolutely highest
values (problem of shifts in extreme values — 1617 versus 1616)



PAGESZ2k Consortium. A global multiproxy database for temperature reconstructions of
the Common Era. Scientific Data 4, 170088.
PAGES2k 2.0.0 (692 records from 648 sites)

a Archive types
3 = T

bivalve (1)
borehole (3)

coral (96)
documents (15)
glacier ice (49)
hybrid (1)

lake sediment (42)
marine sediment (58)
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tree (415)
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Vyuziti stabilnich izotopt kysliku v dendrochronologii

Izotop

« varianta téhoz prvku (kysliku) s odliSnym poctem neutront (hmotové Cislo) a
vzdy stejnym pocétem protonu (atomové €islo) — zmény v relativni atomové
hmotnosti a fyzikalnich vlastnostech jsou zakladem pro dendroklimatickou
rekonstrukci/interpretaci

« v dendroklimatologii se vyuziva nej¢astéji izotopl kysliku (60O, 70 a 80),
vodiku (deuterium) a uhliku (3C)

Principy

« relativni pomér 0/180 (5'80) ve vzorku (voda, led, organismus) — proxy pro
teplotu a srazky

« vysSi teplota — vice potencialni energie na vypar — tézsi 80 je snadnéji
transportovatelny do atmosféry — ubytek 80 zvySuje podil 16O (nizsi 6180 =
vySsSi teplota)

* nizSi teplota — méné potencialni energie na vypar — snadngji
transportovatelné jsou pouze leh&i 0 — rust podilu 680 = nizSi teplota



Vyuziti stabilnich izotopt kysliku v dendrochronologii

Fyziologie

zakladni predpoklad = izotopické slozeni letokruhu ovliviiuje primarné vihkost
pudy, resp. izotopické slozeni srazek v dané lokalité — zkresleni finalniho
zaznamu (napf. vliv ekofyziologie stromu)

izotopickeé slozeni srazek — zavislost na klimatické oblasti, zménach
meteorologickych prvkl v ¢ase (trendy, sezonalita), setrvani srazek v pudé

Problémy (Sum v signalu)

obohacovani 8'80 v listech vlivem rozdilného izotopického slozeni a jinych
fyzikalnich vlastnosti okolniho vzduchu (az o 20 %o) — zkresleni zaznamu

intenzita vyparu a nasledna zména izotopického slozeni — nutnost korekce na
zakladé dat teploty, Sifek letokruhl (stejné vzorky) a relativni vihkosti

pfi klimatické analyze je potfeba identifikovat konkrétni obdobi, se kterym
izotopické slozeni nejvice koreluje (napf. letni/zimni sezéna)



McCarroll and Loader (2004) Stable isotopes in tree rings. Quaternary Science Reviews

23:771-801.
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Saurer et al. (2000) Oxygen isotopes in tree rings of Abies alba: The climatic
significance of interdecadal variations. Journal of Geophysical Research 105, D10,
12461-12470.
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(a) The 8'80 curve of single-year values (latewood) of Abies alba from Bettlachstock (Switzerland), built as the
mean of four trees from the same site. The 10-year running mean is shown. (b) Tree ring width of the four trees
used for the isotope study.



Biintgen et al. (2020) No age trends in oak stable isotopes. Paleoceanography and
Paleoclimatology, accepted article.
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No age trends in TRSI. The upper row shows the 30-year smoothed mean and median of the age-aligned 13,804
TRW, 13,496 oxygen and 13,584 carbon measurements from the 147 living and relict oaks that grew during the
Common Era in the Czech Republic (from left to right). Small differences in the total number of TRW and TRSI
values result from insufficient wood quality and quantity that is needed for high-resolution, high-precision isotopic
measurements. The lower grey values refer to the mean (median) and standard deviation (error) of the three
equally long subperiods of cambial age (1—40, 41-80 and 81-120 years). The bottom part of the figure shows the
relationship between the mean/median and standard deviation of the TRW and TRSI values of the 147 oaks
calculated for each of the three cambial subperiods, which are displayed by the three different symbols: circles (1—
40 years), triangles (41-80 years), and squares (81-120 years). Note that the data points of the TRSI from the
three subperiods strongly overlap, whereas the TRW values of the subperiods scatter widely.



Dendrochronology — three examples of modern
research



Biintgen et al. (2018) Tree rings reveal globally coherent signature of cosmogenic
radiocarbon events in 774 and 993 CE. Nature Communications 9, 3605.

Annual A'C values (%)

Differences in annual A'*C (%)
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COSMIC signature. (a) Annual '*C content of 374 tree rings formed between 770 and 780 CE at 27 and seven
sites across the NH and SH (light blue and red lines), respectively. (b) *C content of 110 tree rings from 990-
1000 CE at eight and two sites in the NH and SH (blue and red lines), respectively. Thick lines bracket standard
uncertainties around hemispheric means, lower box plots reveal year-to-year “C differences (median, 25th and
75th percentiles), and SH data have been shifted relative to the earlier NH data



Biintgen et al. (2017) Multi-proxy dating of Iceland’s major pre-settlement Katla eruption
to 822-823 CE. Geology 45(9), 783-786.
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A: Volcanic aerosol forcing (VAF; Sigl et al., 2015) expressed by light blue vertical bars (with proposed Katla
volcano [Iceland] 822— 823 CE forcing in dark blue; NH—Northern Hemisphere), reconstructed Northern
Hemisphere summer temperatures (orange; Schneider et al., 2015), and new birch chronology from Iceland
(green). Note remarkable correspondence between local birch chronology and hemispheric reconstruction.

B: Inter-annual and 60-yr-smoothed summer temperature variability for the Northern Hemisphere back to 600 CE
(Schneider et al., 2015). Green vertical frames highlight first permanent settlement phases of Iceland and
Greenland in 870s and 980s CE, respectively. Katla eruption of 822-823 CE occurred during a less
climatologically anomalous period following Late Antique Little Ice Age (LALIA; Bu ntgen et al., 2016). “JJA Temp.
(wrt. 1961-1990)" refers to June, July, August temperatures.



Cross-dating of driftwood chronologies with regional references for Pinus
sylvestris, Picea sp. and Larix sp.. Colored curves and bars represent the
driftwood data and grey curves the according references. Chronologies

were detrended by negative exponential functions after power
transformation in combination with variance stabilization and normalization. PICEA 200
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Hellmann et al. (2017) Dendro-provenancing of Arctic driftwood. Quaternary Science

Reviews 162, 1-11.

Sample depth



6.1.3 Pylova analyza

* palynologie — vedni disciplina
studujici pylova zrna a spory

* pylova zrna jsou uchovavana v
jezerech, raseliniStich, sedimentech

» vlastnosti pylovych zrn:

- morfologické charakteristiky jsou
specifické pro rody a druhy rostlin

- jsou produkovany ve velkém mnozstvi

a Siroce rozsifovany

- jsou extrémné odolné v sedimentarnim

prostredi

- vyjadfuji puvodni vegetaci v dobé, kdy
doslo k jejich ukladani, tedy vypovidaji i
o klimatickych podminkach té doby

Pinus

'
0

T AN B |
10 20 30 40

Alnus

Betula

Corylus

Carpinus

Ulmues

Quercus

Tilia

% (a) cordata

Scale (1)

0OF

10f

201

30+

40_

501

60

704

.- 80




Age (kyr)

- percentualni zastoupeni jednotlivych druhu pylovych zrn se vyjadfuje

pylovym diagramem
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Zmeény vegetace probihaji v riznych méfitcich, pfiéemz v mensim prostorovém a
casovém méfitku se jedna o neklimatologické faktory (pozary, skadci, sukcese,

vliv Clovéka aj.).
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Rocni teplotni anomalie (referen¢ni soucasna teplota 15,8 °C) rekonstruované na zakladé
pylové analyzy z raSelinisté v Kashiru v Burundi ve vychodni Africe (vySka 2240 m ve
vysokohorském mizném lese) (teCkované — meze spolehlivosti) (Bradley, 1999)



6.1.4 Varvy

- laminované (paskované) sedimenty formujici se rocné ve vodnim prostredi
vlivem sezénni zmeény pocasi (jezera, t€z sedimenty v mofich a oceanech)

Sediment| Season of Temperate Glacial/high Water Source of Sediment
color | deposition climate elevation column false varves core

= Biogenic: Biogenic: Upwelling or wind |Depaosition of
B Phytoplankton depaosited  |Phytoplankton mixing | lithogenic

3 v during productive season |deposited during N ;# material from

S ﬂ productive season 7 K runoff of

© | spring/surmmer

= 4 Lithogenic: % E storms

2 = Sand deposited during
ﬁ%— glacial retreat T
o Lithogenic: Lithogenic: Runoff or no wind |Deposition of ana ?f’:?”’f
= Deposited by runoff Silt and clay deposited |mixing phytoplankton sl
3 following precipitation in absence of wind- _ i bloom following

w = driven mixin 5 unseasonal

] £ 9 o, S

> Lﬁ o mixing or

:E | % ' upwelling event

8 E ® o=
Z
o
- Holton, ed. (2003)

Chronologie varv mize byt na zakladé znalosti vazby regionalnich
klimatologickych charakteristik a procesu sedimentace vyuzita k
paleoklimatologické rekonstrukci (napf. mnozstvi srazek, odtok, teplota vzduchu).



6.1.5 Korali

Korali — oceany nizkych Sirek,
produkuji vétsinou jednoleté
rustové pasky — moznost
sestaveni dlouhych chronologii.

Mérené chemickeé ukazatele
obrazeji parametry prostredi v
dobé rustu: povrchové teploty
oceanu (SST), salinita, srazky,
vertikalni promichavani, ficni
pfitok, vyzZivnost vody, puvod
vodnich mas, antropogenni vlivy
aj.

367-lety koralovy skelet z Galapag
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Béleni koralu

| kdyz se mohou korali Zivit planktonem, vétSinu jejich potravy jim
obstaravaji symbiotické rasy, zooxantely. Proto korali vétSinou rostou v
slunnych mofich (do 60 m), aby zajistili dostatek svétla pro fasy. Nékdy je
v8ak mozné najit zvlastni koraly bez endosymbiontu i v hloubce 3 000 m a
dokonce i na arktickych Aleutach. Koraly s endosymbionty oznaCujeme jako
hermatypické, bez nich jako ahermatypické. Ahermatypicti korali se musi
uzivit samostatné, mohou ale pronikat do jinych mist nez hermatipicti.

Symbionty koralu jsou obrnénky, které mohou tvofit az tfi Ctvrtiny biomasy
koralu. Od svého endosymbionta ziskavaji korali az 90 % organickych latek,
diky éemuz se mohou bohata koralova spoleCenstva tvofit i v zivinami
chudych tropickych vodach.

Odumirani obrnének je pfic¢inou jevu znamého jako béleni korala, které se
projevuje zbélenim koralu. Koral bez endosymbiontu je vyrazné oslaben,
neroste a hrozi nebezpeci jeho uhynu, coz ma za nasledek destrukci celého
utesu. Obrnénky odumiraji nejcastéji z davodu zvyseni teploty vody,
znecisténi Ci infekce patogenem.

Pozoruje se napf. uhyn koralu v oblasti Velkého koralového (téz

bariérového) utesu podél severovychodniho pobrezi Australie v délce c.
1500 km.



Surface temperature

6.1.6 Geotermicke vrty
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Mé&reni teplotnich profilt - nepdrovité horniny nebo permafrost (teplo se
Sifi vedenim, neovlivhéné podzemni vodou).

Vyhody: Nevyhody:
* nizkofrekvencni signal (velké klimatické » nakladné vrty (vyuzitelnost existujicich)
udalosti)

* rekonstrukce nejasna v detailech
* méfené anomalie jsou pfimym o
o . J primy! . « vztah teplota pudy — teplota vzduchu
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zmén
* informace bez monitoringu v realném
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VyuZziti geotermickych vrtl ve svétovém meéritku — teplotni rekonstrukce
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Figure 1. Locations of boreholes in the global database,
with histogram of latitudinal distribution (modified after
Harris and Chapman [2001] to reflect the current status of
the database).
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Figure 2. Five-century area-weighted reconstructions of
ground surface temperature history from 695 boreholes in
the Northern Hemisphere. Shaded area represents the range
occupied by six hemispheric reconstructions in grids
ranging in size from 5 x 5 to 90 x 90 degrees. The
corrected 5-degree area-weighted reconstruction of Mann et
al. [2003a] [Rutherford and Mann, 2004], and our 5-degree
area-weighted reconstruction using a larger data set are
superimposed.

Pollack, Smerdon (2004)
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6.3 Principialni paleoklimaticke poznatky

* 4,6 az ~2,5 Ga (a — rok) — Zemeé bez zalednéni pfi nizZsi solarni konstante
(Faint Sun Paradox — paradox mdlého slunce) — snizené zareni
kompenzovano zesilenym sklenikovym efektem

» ~2,5 Ga — doklady pro prvni zalednéni (dosazena mezni teplota pro vznik
zaledneni)
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«~2,5 az 0,9 Ga — Zemé bez ledovcU pres nizkou svitivost Slunce a slabsi
sklenikovy efekt

* 0,9 az 0,6 Ga — tfi hlavni faze zalednéni (vCetné ledu v nizkych Sifkach)

* 600 az 100 Ma — prevazné mirné klima s dvéma fazemi rustu ledu — velka
sezonni kolisani na superkontinentech (Gondwana, Pangea)

* 100 az 50 Ma — mirné klima bez zalednéni (zmény v rozdéleni pevnin-oceanu
nemohou adekvatné vysvétlit vysoké polarni teploty) — snad vysoké koncentrace
CO,

* 50 az ~3 Ma — postupné ochlazovani a vysuSovani Zemé — faktory: tektonika
litosférickych desek, CO, (snad dvojnasobek koncentrace mezi 50-3 Ma),
oceansky transport tepla — mensi vliv zdvihu Tibetu v Asii a Kordiller v Severni
Americe; vyznamna role nahlych pfechodu (abrupt transitions), kdy systém
rychle preSel do nového rovnovazného stavu (zpétna vazba led-albedo,
termohalinni instabilita); zalednéni: Antarktida asi 40 Ma, Gréonsko 3—4 Ma,
stfedni Sifky 2,4-3,2 Ma

« 3,0 az 0,0 Ma — Cetné oscilace ledovcovych stitu s teplymi intervaly jako dnes —
vyznamne zmeny v termohalinnni cirkulaci a slozeni atmosféry (CO,, CH,);
posledni glacialni maximum 18 000 a BP; sucho od kontinentalniho zalednéni
smérem k rovniku; ¢asna stadia interglacialu - velmi vihkeé tropy (pluvialy)



6.4 Zmeény klimatu v kvarteru

« poslednich 2,588 milionu let se déli na holocén (cca 11-
12 tisic let pfed soucCasnosti - BP) a pleistocén

« 15-20 kvartérnich klimatickych cyklu — strfidani glacialu a
interglacialu

* holocen — soucCasny interglacial, jsme na rozhrani jeho
druhé a treti tretiny, silné ovlivnén Cinnosti Cloveka
(antropocén)

« periodizace holocénu — postglacialni klimatické optimum
(6000-8000 let BP)

Hradecky, J., Brazdil, R. (2016): Climate in the Past and Present in the Czech Lands in the Central
European Context. In: Panek, T., Hradecky, J., eds.: Landscapes and Landforms of the Czech
Republic. World Geomorphological Landscapes. Springer International Publishing Switzerland, 19-28
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Kvartérni klimaticky cyklus a jeho vliv na vegetaci, sedimentaci, tvorbu pid i odnos (Lozek 1984).
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Severni a sttedni Evropa na vrcholu posledniho zalednéni pied zhruba 20 tisiciletimi. 1 okraj zalednéni, 2 jadra tvorby ledu
a hranice okrskil Zivenych z jednotlivych jader, 3 horska zalednéni, 4 hlavni sméry pohybu ledu, 5 feky Zivené tavnymi vodami,

6 priledovcova jezera, 7 polarni pustiny, 8 tundra (ptiledovcova vegetace), 9 horské tundry a hole, 10 lesy (tajga), 11 chladne stepi
(podle Gerasimova 1965).
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more piedpokladané, 3 pobfezi

listnaté lesy, 8 stepi, 9 alpinské hole (Gerasimov 1965, upraveno).
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6.5 Casova méritka pravdépodobné
pusobicich klimatotvornych faktoru

 10° a — dlouhodobé kolisani svitivosti Slunce (kompenzace nizsi
svitivosti sklenikovym efektem)

« 107-108 a — paleogeografické faktory (napf. kontinentalni drift,
zmeény oceanské cirkulace)

 10° a — tektonické fluktuace a snad dlouhodobé zmény orbitalni
insolace?

« 103-10° a — externi vlivy (orbitalni plisobeni), interni vlivy
zpétnych vazeb v systému pevnina — more — vzduch — led (vCetne
CO,)

* 109—102 a — sluneéni proménlivost, vulkanicka €innost, vnitini
zpétné vazby a interakce v systému ocean - atmosféra

Vyznam paleoklimatického modelovani pro poznani minulych
klimat a jejich pricinné podminénosti.
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Charakteristické faktory a procesy ovliviujici variabilitu klimatu a jejich Casova
Skala (Bradley, 1999)



6.6 Hypoteéezy klimatickych zmeéen

« za nejverohodngjsi hypotezu objasnujici kvarterni
klimatické cykly je povazovana Milankovicova
astronomicka hypotéza, zalozena na zmene
parametru obézné drahy Zemé kolem Slunce:

- sklon zemskeé osy € (Uhel sevreny rovinou ekliptiky a
rovinou svetoveho rovniku): 22—-24,5°, asi 41 000 let

- délka perihelu 1 (Uhlova vzdalenost pfisluni od jarniho
bodu, pohybujiciho se v dusledku precese): 21 000 let

- vystrednost zemskeé drahy e: 0,0007-0,0658, 100 000
let
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(b)
Spectrum of climatic variations over the past 500 000 years. The graph shows

the importance of the climatic cycles of 100 000 years (eccentricity); 43 000 years
(obliquity) and 24 000 and 19 000 years (precession of the location of the perihelion).
The curve is constructed from an isotopic record of two Indian Ocean cores (from Imbrie
and Imbrie (1979) by permission of Macmillan, London and Basingstoke).

Vhodné podminky pro zalednéni na
Severni polokouli:

- relativné teplé zimni a relativné
chladné letni obdobi

- nejmensi €, nejvetsi e, 11 blizké 90°
nebo 270°
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Eccentricity : E= V( a?-p?)
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Precession of the location of the perihelion : P-=P'and A —=A’

Obliquity

Eccentricity of orbit Axial tilt

Percentage deviation
earth sun distance
from June 21 mean

(a) Schematic diagram showing the variations in the three orbital components:
obliquity (axial tilt), orbital eccentricity and precession of perihelion; (b) variations in these
three components, from 500 000 years ago to the present, as a function of time (reproduced
with permission from Broecker and Van Donk, Rev. Geophys., 8, 169-196 (1970).
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« graf ekvivalentnich Sirek pro 65° s.s. (Sirky, které
dostavaji v soucasnosti v tzv. letnim kalorickem

pulroce stejné mnozstvi slunecniho tepla jako
v minulosti 65°)

* rust ekvivalentni Sifky — ochlazeni a naopak
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Insolace na 65° s. §. v poslednich 400 000 letech podle parametri zemské drahy (a) v porovnani s
objemem kontinentalniho ledu odvozeného podle 580 v morskych sedimentech (b) s hlavnimi
komponentami téze frekvence. (c) dokumentuje koherenci mezi radiacnim plsobenim a kontinentalnim
zalednénim. Nevyznamné jsou zmény v insolaci zpusobené zménami excentricity zemské drahy



6.7 Globalni oteplovani a paleoklimatologie

Schematic Comparision of Greenhouse Warming With Past Climates

300

295

290

Temperature (°K)

285

280

» paleoklimatologie ukazuje na realnost moznych teplotnich zmén pfi rastu

koncentraci sklenikovych plynu
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* v porovnani se soucasnosti jiné geografické podminky a pusobici faktory
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