Metody v klimatologii
I. Uvod, zdroje dat, Climate Explorer

Obsah prednasky

1

2
3.
4

Uvodni pojmy, analyza dat v Climate Explorer

Metody prostorové analyzy dat - Empirical Orthogonal Function
Metody analyzy ¢asovych fad na prikladu programu R

Analyza extrémnich hodnot

+ Predndsky doplnény praktickym cvicenim, které |ze zpracovat

samostatné na zdkladé dodanych instrukci

+ Ze cviCeni se odevzddva strucny elaborat (pres IS)

* Na konci semestru pisemny test plus vypracovand cviceni

+ V pripadé potreby mozno vyuzit MS Teams Ci osobni konzultace

(po predchozi dohodé)




Kllma a klimatologie (tradi¢ni pohled)
Klima = statistika poéasi

- Data v klimatologii - ,priméry" meteorologickych méfeni a pozorovani

+ Metody v klimatologii - popisné statistika
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Soucasna klimatologie

Vnitfné strukturovand na sub-discipliny, napf. s ohledem na méritko déju,
které v klimatickém systému studuji (mikroklimatologie, ..., regiondini a
globdlni klimatologie).

Zmény v atmosféfe:
slozeni, proudéni Emenyviobehuivody,
Zmény
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Zemsky povrch

Hydrosféra: 3 Zmény v kryosféie: snih, zmrzla pada,
feky a jezera morsky led, pevninské a horské ledovce

Zmény v oceanu:
i, vySka hladiny, bi

Zmény zemského povrchu:
e, vyuZiti pudy, veg

Zdkladni soucdsti klimatického systému Zemée. Upraveno: Le Treut et al. (2007).
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Soucasna klimatologie
Tradiéni a nové sub-discipliny klimatologie dostdvaji v sou¢asné
globdlni zméné novy rozmér:
o Data assimilation, re-analysis
o https://epic.awi.de/id/eprint/25075/1/DA_overview.pdf

o Atribuéni analyza

o World Weather Attribution - Exploring the contribution of climate
change to extreme weather events

o https://www.worldweatherattribution.org/

o Klima mést
o Urban Climate Change Research Network

o https://uccrn.ei.columbia.edu/

(@)

.Open climate science" - Climate-lab book
o http://www.climate-lab-book.ac.uk/about/

https://www.temperaturerecord.orqg/

O

Soucasna klimatologie

Pro soucasnou klimatologii je mj. typicka:

Vysokd komplexita studovanych jevii v Ease i v prostoru

Jejich stochasticka povaha (vSechny jevy nemaji jednoznacnou
pri¢inu, existuje vnitfni variabilita klimatu)

VyuZivd vlastni metodologie se silnym statistickym zdkladem

Zabyvd se definovdnim nejistot, o Fadé jevl mize ddt pouze
pravdépodobnostni vypovéd’
Klimatologie neni experimentdlni véda (nemd k dispozici

Jlaborator"). V daném ¢ase a misté md k dispozici pravé jen
jednu realizaci priibéhu polasi.

Roli . laboratore” v klimatologii pIni numerické modely




Soucasna klimatologie

Vytvadri a analyzuje vlastni datové zdroje:

o paleoklimatologie

o druzicovd klimatologie

o modelovdni klimatu

Datové zdroje v klimatologii

* Meteorologickd méreni a pozorovdni
+ stani¢ni (bodova)
* prostorovd (ze systému DPZ, odvozend interpolaci)
+ meteorologické prvky
+ klimatologické charakteristiky
+ indexy (.climate indices", napf. NAO Index)

* Proxy rekonstrukce véetné prostorovych

* Modelové vystupy (globdlni, regiondlni, mistni)
+ Reanalyzy

+ .Hindcasts"
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Datové zdroje v klimatologii

Datové zdroje maji ve vét$ing pFipadl vicerozmérny charakter a

vyuZivaji specidlnich datovych formdtl (NetCDF)

Name Long Name

¥ £ 800t005kyrEP_Bern3D_timeseries.nc Bern3D +C Averaged Timesries Output
& atm_ares Avre3 of atmosphere =
© atm_scaleheight Scale heght of atmosphere =
 atme_conczopm Convert atmosperic carbon conc. [molfm 3] to ppm -
© atmpeo2 Atmospheric pC02 m
< amvr Global Atmospheric Temperature D
< aTMT_AT Global Atmospheric Temperature at Corresponding Altiude )
© ATMT_Greeriand Greeriand Atmospherc Temperature »
© aTMTEQ Tropical Atmsapheric Temperature (205 - 20N mean) »
< aTMm Northern Hemisphere Atmospheric Temperature D
< A North Pole Atmospheric Temperature D
© amTs Southern Hemisphere Atmospheric Temperature )
& amvTsp South Poe Atmospheric Temperature: )
 dopts_label Preprocessor Optons (fdefs) -
@ ot rho Latitude (1ho grid) D
Slatt Latitude (T grid) D
Sty Latitude (U grid) )
© lon_rho Longitude (rho gri) »
lont Longitude (T grid) »
Slonu Longitude (Ugrid) )
© mask Basi maskinduding Southern Ocean Geo
< masks Basi mask without Southern Ocean Geod
& month Month of the year D

PANOPLY

File type: NetCOF-3/CDM

File "800to05kyrBP_Bern3D_timeseries.nc™

http://www.giss.nasa.gov/tools/panoply/.

C:/data/R_data/ncdf/800to05k

Bern3D_cimeseries.nc

Zdroje dat - Climate Explorer

https://climexp.knmi.nl/

KNMI Climate Explorer

Climate Explorer ment & Data

Help News About Contact Seasonal forecast verification

Starting point

Welcome, Petr Dobrovolny from Dept. of Geography, Masaryk Univ.

mean Nov CRU TS3.23 precipitation [mm/mont
195

51:2000

Climate Change Atlas

Select a time series

Select a field
Daily fields

Monthly reanalysis fields

Monthly seasonal hindcasts
Monthly decadal hindcasts
Monthly RCM runs

Monthly CMIP3+ scenario runs
Monthly CMIPS scenario runs
Annual CMIPS extremes
EC-Earth scenario runs

View, upload your field




rozhrani pro pristup k velkému mnoZstvi dat
* nastroj pro analyzu klimatologickych dat
* moZnost analyz vlastnich datovych soubori

https://climexp.knmi.nl/registerform.cqi

y' -~
XY, worLp g
%) vereoroLocica .
oL ORGANIZATION

Climate Explorer

European Climate Assessment & Dataset KNI

Climate Explorer

Home Help News About World weather  Effects of ENSO

Climate Change Atlas

Select a time series

Register or log in

> Daily station data
> Daily climate indices
> Monthly station data
Please register as a user so that | can trace usage of the system, and mail you if  find bugs. If you have
> Monthly climate indices
already registered just give your e-mail address to log in. The service is also available anonymously, but
yreg JHStEVEY 8 4 i > Annual climate indices

some features (notably the ability to define your own indices, to upload your own data and to use large , vew, upload your time series

datasets) are then disabled. As a registered user many forms remember their settings for a few days.

Select a field
E-mail address[cobro@scimunicz > Daily fields

Name our

> Monthly observations

Institute our

> Monthly reanalysis fields

> Monthly and seasonal historical reconstructions
> Monthly seasonal hindcasts

> Monthly CMIP3+ scenario runs

> Monthly CMIPS scenario runs

> Annual CMIPS extremes

> Monthly CMIP6 scenario runs

> Monthly CORDEX scenario runs

> Attribution runs

> View, upload your field

Vybér Fady primérnych mési¢nich teplot
vzduchu z Brna, Turan

Climate Explorer

Select a monthly time series

Select a time series
Historical observations 24 ‘

GHCN-M (all) other
0 O precipitation PSMSL sealevel
0 O mean temperature O sealevel (1851)
- - Select a field
B o e e U e e e s Daily fields
) masimum tamparature 0 ) maximum tamparatura [ ) usa river discharga (HCDH) o

) sealevel pressure

european SLP (ADVICE)

Cul lists)

Select stations

B stations vith 3 name contal

B |10 stations near

ing [Brno

©) N-America snowcourses (NRCS)

Telect on world map)

B the stations vith station numbers.

# lonl lon2 latl lat? (optional)
station numper (one per line)

Time, distance.

Atleast[10 years of data in the | monthly [+] sexson starting in | any month [+ ] in years |

s apart and with m < slevation <

Found station data

monthly temperature station BRNO min 10

Aggregate this set of time series

Type: unweighted mean [+

make sel

Looking for stations with substring BRNO
Found 0 stations

BRNO/TURANY (CZECH REPUBLIC]

coordinates: 49.15N, 1§ Bowg (prob: 302m)
WIMO station code: 11

Associated with urban 3 pop,32€000) 5
Terrain: hilly COOL FOR./FIELD

Found 65 years with data in 1551-2015

Manthly reanalysis fields

Monthly and seasonal historical reconstructions
Monthly seasonal hindcasts

Menthly decadal hindcasts

Monthly RCM runs

Monthly CMIF3+ scenario runs

Monthly CMIPS scenario runs

Annual CMIPS extremes

EC-Earth scenario runs

External data (ensembles, ncep, enact, soda, ecmwf, ...)
View, upload your field




Climate Explorer

Time series
monthly BRNO/TURANY GHCN v3 mean temperature

Retrieving data from GHCN-M v2/v3 (adjusted) database .

Dally station data
Daily dlimate indices
Mon

Monthly climate indices

BRNG/TURANY (CZECH REPUBLIC), coordinatas: 49.151, 16;
302m), WMO station coda: 11723 BRNO/TURANY , tavge€eisius] daily masn
temperaturs (adjusted) from GHCN-M v3.3.0.201602:

. (=ps, pdf, raw data, netcdf)

Annual dimate indices
. ko your

Select a field
Daily fields

GHCNV3 mean telmperih‘«re

i

Monthly observatio
Monthly reanalysis fields

JFMAM ] | ASOND ]

FMAMJ] ] ASOND

Trends in return times of extremes

1IN, M bd il “ Il Monthly and seasonal historical
o 15 CIMENEDERRR (AR AR AR AR AR Il | reconstracions
g I ittt R A A 5 Monthiy scasonal Ndcas
Z 10 ‘_\ A Il et [ (hif “\ i > Monthly decadal hindcasts
£ LI it HHMM ““““HH > Monthly REM runs
El IR R ([ * Monthly CMIP3+ scenario runs
P W [!H” \ (I \{‘ | [I | > Monthly CMIPS scenario runs
r] il “[, i 110 “ AU > Annual CHIFS extremes
s ‘ |b s J EC-Earth scenanio rune
‘ > External data (ensembles, ncep,
10 1 enact, soda, ecmwf,
95 s ;90 1s0 1990 2000 z010 7020 » vy
his ti series
Twe annual cycles, computed vith all data available (eps, pdf, raw data) View per month, season, half yeg#or
L T T W, > View last 1, 5, 10 vears
20 lan GHCN V3 mean tem > Correlate with other time series
> Correlate with a field (correlation,
s regression, composite)
g > only observations
z 10 > only reanalyses
& > only seasonal forecasts
g 3 > only scenario runs.
b 0 > only user-defined fields
> Verify against another time series
s > Spectrum, autocorrelation function
> Wavelat
10 > Running mean/s.d./skew/curtasis
5
5

Plot and fit distribution

Anomalies vith respect ko the abeve annual cyde (2ps, pdf, raw data, netedf, anslyse

this time series)

6

-

F GHCN v3 mean temperature B NMUMN”WT lies

e Jn‘WJ\" ¥

Redisplay the anomalies using the years [1981 2010 select

Manipulate this time series

Select years

Make index

Filter adjacent
months

low-]

cut-off

™ ]
12 j months

wvalue

requiring at least |75

Lselect |
t_BRNO/TURANY
| E——

TS |

Filter consecutive
years:

cut-off value[2 [=] years

requiring at least |75

Scale factor:

Scale series:

using |3 [»| months

Time derivative:

Normalise:

() for each month separately
() for all months together

low-pass j 1st order LOESS j filter

Take anomalies and set standard deviation to ene

% wvalid data

% walid data

6]

Combine with ancther timeseries to form a

Combine:
normalized index

Mask out:
Create a lower resolution time series
New time scale: | annual (Ju-Jun) =]

New variable:

Mask out based on another time series

BB

mean . of BRNO/TURANY tavg

T 6 M
z ‘” i Threshold no cut | celsius
g 2™ il
= | Minimum: % valid data
I i 1 —
b \ o First apply: 1 -month running mean
) Missing data: ® O trend, O
56 make new time series
1950 190 1970 1380 190 2000 2010 2020
ne series plots per season Select a time series
BRNO/TURANY GHCN_v3_mean_temperature JDely steffon doia
aily climate indices
. 5 Monthly s
The thick line is a 10-yaar running average (=ps, pd, ran data) > Monthly climate indices
s » Annual dimate indices.
35 > View, upload your tim
100
PR ]
g IR W’w Select a field
s 3% > Daily fields
8 gemb : = > Monthly observations
2ot > Monthly reanalysis fields
g : > Monthly and seasonal historical
1950 1560 1970 1300 1550 2000 2010 2020 reconstructions
1200 " : g § T > Monthly seasonal hindcasts
1100 > Monthly decadal hindeasts
3 1000 > Monthly RCM runs
2 l” | > Monthly CMIP3+ scenario runs
2 s > Monthly CMIPS scenario runs
7.00 > Annual CHIPS extremes
Sod > EC-Earth scenario runs
1950 190 197 190 1960 2000 2010 2020 > External data (ensembles, ncep,
200 - enact, soda, ecmaf, .
2100 ¢ > View, upload your field
g 2000 X 3
P ik Investigate th
H 1 g z > View per mon
A year or full ye
1700 Jul-Jun)
1600 > View last 1, 5, 10 years
ol MO0 e s a0 2000 0 L ool i oenky fme series
150 E > Correlate with a field
110 5
e (sorrelation, regression,
T _ composite)
O 4 > only observations
g sk
& &k 1 | > only reanalyses
) . sto » only seasonal forecasts
Time series plots per yr0 1% . s s . > only scenario runs
. les0 190 199 190 1590 2000 2010 2020 > only user-defined fields
BRNO/TURANY_anomalies > Verify against another time
series
> Spectrum, autocorrelation
The thick line is a 10-year running average (eps, pdf, raw data) function
i > Wavelet
Jan-Dec BRNO/TURANY anomalies (11723 19611990a) > Running mean/s.d.fskew/curtosiq
> Trends in return times of
3 T T T T T T emes
> Plot and fit distribLtion
25 b s o
2 4
= 15| 4
=
a2 1} -
@
2
= 05 1
3
= 0
05 4
1l 4
15 L . . L : L
1950 1960 1970 1980 1930 2000 2010 2020




. Existuje vztah mezi primérnou zimni
CllmOTe Explor‘er‘ teplotou vzduchu v Brné, Turanech a NAO

indexem?

Nejprve ovérime normalitu rozdélni teplotni Fady

Make and fit a histogram Select a time series
BRNO/TURANY GHCN_v3_mean_temperature (11723) % Diaily station deta
> Daily climate indices
e &
i > Monthly climate indices
® histogram with [20 bins giannusl dimste indices
) quantile-quantile plot
Type of ploti ) Gumbel plot Select a field
> Daily fields
) logarithmic plot i T
> Monthly reanalysis fields
> Monthly and seasonal historical reconstructions
Starting moefh:
=Lty Dec |~ > Monthly seasonal hindcasts
Season averaging [+] over |3 [+]mopthts) > Monthly decadal hindcasts
P = > Monthly RCM runs
7 et sonaa) > Monthly CMIP3+ scenario runs
Years: > Monthly CMIPS scenario runs
,_ . l— > Annual CMIPS extremes
Only for: < series < > EC-Earth scenario runs
ony: Hlicgarithm, Flsart Elequare; Elcube', [ pawer > External data (ensembles, ncep, enact, soda, ecmuwf,
S e T B > View, upload your field
Detrend: E! detrend everything Investigate this time series
Filkers: [l take year-on-year differences > View per month, seazon, half year or full year (Jan
subtract mean of | = i uigun)
RS > View last 1, 5, 10 years
Decorrelation 5 co s
: 0 months Co othe
T, > Correlate with a field (correlation, regression, composite)
Change sign: > only observations
“Tnothing ' Poisson © Gauss () Gamma ) Gumbel > only reanalyses
> only seasonal forecasts
o €5 > only scenario runs

> only user-defined fields
Verify against another time series
Spectrum, autocorrelation function

~ GPD, threshold [80% %
—_——

do not constrain

Return time:  year or value Wauslet

Running mean/s.d./skew/curtosis
Plot range: 2 : Y p ‘memes
Confidence w
95 %

interval

v

. Existuje vztah mezi primérnou zimni
CllmOTe Explor'er‘ teplotou vzduchu v Brné, Turranech a NAO

indexem?
CHTI? test a Q-Q graf

Histogram

monthly BRNO/TURANY

The error margins were computed with a bootstrap method that assumes all points are
temporally independent. The error margins were computed with a bootstrap method that

assumes all points are temporally independent.

Dec-Feb averaged BRNO/TURANY tavg [Celsius]

parameter valuet2o 959 1
N &
maan -0.775365 = 0.432540 125317

=dhn); 1.80183 = 0.318635 £.44333 ... 2.08061 Quantile-quantile plot of Dec-Feb averaged ghcn_v3_mean_temperature BRNO/TURANY vs fit
=g 1.816 1951:2014 (=ps, pdf, raw dats, plot script)
shem 0-308161:4.0: 929663 00220 - 0 AT2RE O uantile-quantile plot of Dec-Feb averaged ghcn_v3_mean_temperature BRNO/TURANY vs fit 1951:2014
min 233
4 T T T T T T
maxi 267
Xt 19./17 =114 p=0.3045 5k
e e g T T YT e e 2 L 4
plot seript) i
Dec-Feb averaged ghcn_v3_mean_temperature BRNO/TURANY 1951:2014 1
10 —_
fit g 0
@
81
8 B
g a2t 4
g
8
- o g 5 |
6 — = q i
-4 :
5|
4 1
6|
A b ot
7 g 3 . . . . . .
5 i . & | E -4 3 2 1 0 1 2 3 4
L fitted [Celsius)
5 |
% % - 2 ) 2 4

[Celsius]




Climate Explorer

Correlate with another time series
BRNO/TURANY GHCN_v3_mean_temperature

System-defined monthly timeseries

Clnvos Clumos.s Clunos O SD coz [emst [Cltime

User-definad monthly timeseries

Options

variable: ) regression

El ufltlmeser\es
averaging [+ | over|3

6 correlation coefficient,

Starting moffth: IDEC

month(s) of thefimeseries

Season:

of the e
Anomalies: [ subtract seasonal cycle
Lag: 0 = |monihs

(lag positive: GHCN_v3_mean_temperature BRNO/TURANY lagging indesx)
Years: -
only for: < index selected above <

< GHCN_v3_mean_temperature BRNO/TURANY <

Apply: [T iogarithm, [ sqrt to GHCN_v3_mean_temperature BRNO/TURANY
Output: [ rank correlation or || contingency tables.
Detrend: [7] detrend everything
Filters: [l take year-on-year differences

subtract mean of previous years [no averlap
g BT e R o T L o e
correlation:
- @ straight line, () parabola, () cubic, () straight line + a

month time derivative, ) phase diagram, ...
Plot range: % : Y :

Decorrelation

I

Existuje vztah mezi primérnou zimni
teplotou vzduchu v Brné, Turanech a NAO
indexem?

Select a time series

> Da sta data

> Daily climate indices

> Month on dat
Gl 5 Monthly climate indices

5 Annual dimste indices

> e
[

Select a field
> Daily fields
5 G

> Monthly reanalysis fields

> Monthly and seasonal histerical
reconstructions

> Monthly seasonal hindcasts

» Monthly decadal hindcasts

> Monthly RCM runs

 Monthly CMIP3+ scenario runs

> Monthly CMIPS scenario runs

> Annual CMIPS extremes

> EC-Earth scenario runs

> External data (ensembles, ncep, enact,
soda, ecmwf, ...)

> View, upload your field

same | = |month(s)

Investigate this time series
> View per month, , half year or full
year v Jul-Jun)

> Correla

regression, composite)

> only observations

> only reanalyses

> only seasonal forecasts

> only scenario runs
only user-defined fields
> Verify against another time series
» Spectrum, autocorrelation function
> Wavelet
» Running mean/s.d./skew/curtosis
> Trends in return times of extremes
> Plot and fit distribution

W

Climate Explorer

Time series correlations
ghen_v3_mean_temperature BRNO/TURANY with NAO

Fit of Dec-Feb averaged ghcn_w:

TSR temperature BRNO/ TURANY
(11723) vs Dec-Feb averaged NAO

fit a+b*x 'data/t1172319999.dump’ using 1:2 via a,b

zesultant parameter valuss

a = -1.08027
= 0.352006

After 3 iterations the fit converged.

final sum of squares of residuals : 119.063

rel. change during lass iverasion : -8.688Ze-11

degrees of fresdem  (FIT_NDF) - a1

rms of residuals (FIT_STDFIT) = sqrt {WSSR/ndf) : 1.337m12

variance of residuals (reduced chisquare) = WSSR/ndf  : 1.85184

Final set of parameters Asyrptotic Standard Zrror

a = -1.08027 +/- 0.1818 (16.838)

b = 0.852006 +/- 0.1288 15.113)

correlation matrix of the fit parsmeters:

a 1.000
B -0.250 1.000
Tercile probal s
These are the probabilities that you will get a value below normal (lowest 33%), normal
or above normal (top 33%) of the distribution of BRNO/TURANY
ghcn_v3_mean_temperature vs NAO 1851:201¢, given a certain value of the index
NAO. Tt makes the following three assumptions

1. There is a significant correlation

. The width and shape of the distribution areund the best fit is independent of the
index. For a rainfall distribution this is often not true, try selecting a sqrt or
Iogarithm on the previous page

3. The distribution did not change over time

Therefore, use with care.

original percentiles
33_a3
e &7 -0.07
Subtract influence of NAO from BRNO/TURANY ghcn_v3_mean_temperature
(11723

Make new set

Existuje vztah mezi primérnou zimni
teplotou vzduchu v Brné, Turanech a NAO
indexem?

BRNO/TURANY ghen_v3_mean_temperature vs NAQ 195112014 (eps, pdf, month.year farmat,
plot data, raw data )
BRNO/TURANY ghen v3 mean temperature vs NAO 1951:2014

3 T T T T T
r= 0646 »
2+ y -
2. L . |
T i »
I 3
= &
ER E J :
& O - by
Ef P - 4
e . . +
@ ”
E 2|
2 : .
g . :
& 3t g 3 B E
9
3 . .
& .
g
T 4 N 4
5
&
g A 1
a
Fan ]
g L L . . .
-4 3 2 1 o 1 2 3

Dec-Feb averaged NAC




Climate Explor'ef' Jakd je prostorovd reprezentativnost

brnénské teplotni fady?

Correlate time series with an observation field

BRNO/TURANY GHCN_v3_mean_temperature 2l ;
> Daily dimate indices
= > Monthly station d
OfisErianoA > Monthly climate indices
TemPer=tire 1550 now anomalies: ) HadCRUTA median, i v e
1880-now anomalies: 6155 ) 250km, () 1200km
Select a field
1880-now anomalies: ) NCDC va.2.1 > Daily fields
> Monthly observations
1850 now anomaliess | nad =d-in by Covtan and Way > Monthly reanalysis fields
¥ Menthly and seasonal historical

1850-2010 anomalies: reconstructions

Monthly seasonal hindeasts

Monthly decadal hindcasts

Menthly RCM runs

Monthly CMIP3+ scenario runs
Monthly CMIPS scenario runs

Annual CMIPS extremes

EC-Earth scenario runs

1901-2014: CRU T53.23 (land) () 0.5 External data (ensembles, ncep, enact,
#ivalue soda, ecmwf, ...}

1880-now anomalies: 6158 ) 250km, () 1200km

1880-now anomalies: () NCDC v3.2.1

£}
(£}
(£}
(E1]
(E1]

1948-now: CPC GHCN/CAMS t2m analysis (land) 0.5,
2.5

vy

> View, upload your field
1750-nom: O Berkeley 10 o
e series
) 0.25° 1950-now: E-0BS v12.0 Tg, () 0.5° 1901-now with CRU TS [E1] on, half year or full
(Europe) or Jul-Jun)

Tmax

=]

1801-2014: CRU T53.22 (land) ) #/cell, h e

#/value Correlate with 3 field (correlation,
Z regression, composite)

1833-nows ) Barkeley 1° i e

) 0.25° 1950-now: E-OBS v12.0 Tx, () 0.5° 1901-now with CRU TS S only seasona) foretasts

(Europe) > only scenario runs
Tmin 1o01-2014: CRU 723,23 (land) 0.5+ © 1.0, O 2.5% O sjeai, © |E _ > only user-defined fields
#/value > Verify against another time series
> Spectrum, autocorrelation function
1833-now: | Barkeley 1° > Wavelet

— > Running mean/s.d./skew/curtosis
) 0.25° 1950-now: E-OBS v12.0 Tn, () 0.5° 1901-now with CRU TS > Trends in return times of extremes
(Europe) ¥

Tmax-Tmin (DTR) vanc nncs. mniirennn a0 (lnes (e an

H Jakd je prostorovd reprezentativhost
Chma‘re Explor'ef' brnénské teplotni Fady v Iét€ (TTA)?

Plot options.
corr Jun-Aug averagad BN/ TURANY ghen va_maan_tamparature vith Jun-Aug averaged
Variable: correlation ) covariance O significance CRUTEMA.3 T2rm anom 195112014 p<10% (aps, pf
reverse corr Jun-Aug averaged BRNO/TURANY ghen_v3_mean_temperature
err with Jun-Aug averaged CRUTEM4.3 T2m anom 1951:7014 p<10%
extreme dependence measures ()x, O xbar, threshold [90 % B
Demand at least | % valid points
Map type: default projection @
Region 30 °N to |70 °N, |-30 °E to |40 °E in a | lat-lon j plot @
Contours: to mask out j p=(10 % @
Colours: @
Shading © shading and contours () shading ) contours ) grid boxes. @
Plot options: o color bar_[Ina title on plot, [TIno grid o
label distance | °or [Clno Iabels
Qutput to: browser () Google Earth (kml) ) GIS (geotiff) o
Units: convert to standard units ) use original units
Options
Starting month: | Jun of | timeseries j &
—— averaging [ =] over| 3 [=]month(s) of the timeseries | same [+]month(<)
of the field,
Anomalies: [T subtract seasonal cycle o

Lag [ = Jmonths.

(1ag positive: GHCN_v3_mean_tempersturs BRNO/TURANY lagging field) [ . !

- ’— *’— o Statistically, there is almost certainly a significant connection in the map (Phelg < 0.1%).
Details...
Only for: < field selected above < ‘The fraction of the map with p< 10.00% is 92.72%. With an estimated decorrelation scale of
— i 14.0° and ( 37.%)2 with data there are about 4 degrees of freedom i the map. This gives a
=SS G SR @ field significance of 0.0% < pfield < 0.1%..
Apply: [Tiogarithm, [] sart to GHCN_v3_mean_temperature BRNO/TURANY [
Get the raw data as GrADS control and (gzipped) data files, or generz
Qutput: [T rank correlation (6] download as ascil (big). Replot.
Detrend: [ detrend everything @ Variable:  © correletion [1]
Filters: Sim s e i Fa=r —— I
swincneial S i regression f seres tavg on fied tamperature_anoraly [Celsiss/Celie]
a  error on reoressionof seiestavg o field temperature_snomaly
Rinnins 38 ‘show/hide running correlation options e
© e o O @ L asn ol ey n s o
number of vald ot (1]

n
evror o relaive regression [1]
Ma type: [ defout = projection

Shadings © shading and contours ) shading ) cantours  orid boxes.
ot

BEED S

Clno color bar_[lnottle onplet, o grid
et distanze | ®or [nosbels
Ouisut 1 browser ) Google Earth (kml) ) IS (geoti)

options:

=]
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Climate Explorer - datové zdroje

+ Observations - stations, fields
» data, indices

KNMI Climate Explorer

+ Proxy reconstructions

- Reanalysis

+ Hindcasts

* Model outputs
- RCM
- CMIP5

Climate Change Atias
Select a time series
Daily station data
Daily. clmats indioss

Manthly station data
Monthly climate indices

Annual climate indices
- > View, upload your time series

Select a field
Daily fields
M abservations

Monthly reanalysis fields
Monthly and seasonal historical recen:
indcasts
Monthly decadal hindcasts
Monthly RCM runs
Monthly CMIP3+ scenario runs
Monthly CMIPS scenano runs
Annual CMIPS extremes
> EC-Earth scenario runs

External data (ensembles, ncep, enact, soda, ecmwf,
- View, upload your field

Climate Explorer - datové zdroje

Select a daily field

Select a field by following its link (alternative)

Tmax Tmin  Prcp  SLP 55T  Elev

Observations Tmean i

Hai -2000 x x
GPCP 1° 1997-now

CMORPH 0.5% 1998-now

KNMI Radar 1km 2009-now

EMULATE 1850-2003

Berkeley 1880-now 1° x x x
E-OBS 1950-now 0.5° x x x
E-OBS 1950-now 0.25° x x x
SST OI v2 1982-now

Microvave Ol 1998-now

TAG 1980-now SST, Tair, RH, u, v, Tx, Ty
Reanalysis t2m  prep  slp w850 w850  z500
NCEP/NCAR 1948-now % x x x

t2m  prcp  slp tmin  tmax 2500

ERA-interim 1573-now x x %

% % x

t2m  prep  slp tmin  tmax  z500

ERA-20C 1900-2010 x x x
Model experiment
BCCR CM2.0 20c3m 1961-2000

sresaz 2045-2065

sresaZ 2081-2100

CCCMA CGCM3.1 T63 20c3m 1961-2000
sresalb 2081-2100

CCCMA CGCM3.1 T47 20c3m 1961-2000

3 x ®

# tas tmin tmax

1

1

1

1 x

1 *

5 x = x

Select a time series
» Daily climate indices

» Monthly climate indices
» Annual climate indices

) >
% i3 igld
- o Qo
x & 5
o [l > Monthly and seasonal historical reconstructions
» Monthly seasonal hindcasts
G > monthly decadal hindcasts
4 = x [ » Monthly RCM runs
* Monthly CMIP3+ scenario runs
= x x [ 5 monthly CMIPS scenario runs
= @ * Annual CMIPS extremes
» EC-Earth scenario runs
% i > external data (ensembles, ncep, enact, soda,
m ecmwf,
» View, upload your field
div200  u200 w200
x* [
rids reds  evap
x x x [@
ulo vi0  wdsp
6]
pr psl uas vas rsds rids
= ]
= ]
x ]
=3 | 2| 53 o
5[ acd Il Wi &
x x = [
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Datové zdroje - reanalyzy

Reanalyza je objektivni analyza meteorologickych dat aplikovand zpétné na
data a je oznacovdna také jako metoda fyzikdIné konzistentni (,sprdavné")
interpolace.

Propojuje meteorologickd méfeni a pozorovdni (nerovhomérné rozmisténd,
méné ¢etnd do minulosti) s numerickym predpovédnim modelem, ktery
poskytuje .fyzikdlné konzistentni" stav atmosféry.

Propojeni se realizuje statisticky (nap¥. obdoba MNC) s vyuzitim tzv. metody
tzv. asimilace (spojovdni/propojovdni) dat.

Na rozdil od predpovédi pocasi, pri které se predpovédni model neustdle
vyviji, je reanalyza provddéna jednotnym pristupem - pouzité asimilaéni
schéma se nevyviji (je tzv. .frozen"). To umozriuje vyuziti reanalyz napr. pri
studiu zmén klimatu.

Vystupy z reanalyz mohou obsahovat i takové veli¢iny, pro néz nejsou za
dané obdobi k dispozici mérenti.

Soulasné reanalyzy pokryvaji celou Zemi trojrozmérné (v nékolika
hladindch), obvykle s krokem 6 hodin

Z Casového hlediska jsou nékteré k dispozici pro celé 20. stoleti, vyvijeji se
i v paleoklimatologii

Datové zdroje - reanalyzy

air—clim6190 1—-10ct NCEP/NCAR 2m temperature

Cw

+ Climate Explorer poskytuje
jednoduché rozhrani
umoznujici pristup k o
reanalyzdm v dennim ¢i sen
mési¢nim rozliseni

- Ddle umoziiuje jejich
vizualizaci a zdkladni )
zpracovani SN

48N

52N

FIE
44N _~
42N

40N

Nézor‘né video 0 3E “SE % 12E 1;5 (WV\BEV 21E ’A\M “275 30E
https://www.youtube.com/watch?v=FAGobvUGI24

https://reanalyses.orqg/

https://www.ecmwf.int/en/research/climate-reanalysis
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World Weather

ient & Dataset

European Climate As: M

Climate Explorer

Monthly overview world weather

temperat Time scale

(2m height, world) anamaly August 2020
Maonth
Season
Half year

Year

World maps

sea-level pressure (narthern hemisphere)
temperature (2m height, warld)

sea surface temperature

snow cover {northern hemisphere)

sea ice concentration {Arctic)

sea ice concentration {Antarctic)
precipitation (rain gauges)

precipitation (satellite)

ozone (northern hemisphere)

ozone (southemn hemisphere)

more...

Europa maps

daily mean temperature

more...

Time series

global mean temperature

more...

Climate Change Atlas

KNMI Climate Explorer

Climate Explorer

Help News Seasonal forecast verification Climate Change Atlas
Users are strangly advised to study the short
KNMI Climate Change Atlas introducticn. Specific help is available under the
icons.

Select a region

Further information

Short introduction

IPCC WG1 ARS report, notably Annex I "Atlas”
CMIP5 co-ordinated climate model experiments

fRXE=- @ 1pcc wei () 1PBES () countries () place () box

IPCC WG1: World

Select a season

SR First month | Jan :.\ength 12.v months

Select a dataset and variable

Funding
KNMI
Red Cross / Red Crescent Climate Centre

o

> Dutch Ministry of Infrastructure and Environment,
b et | Gem: cmIPs (1Pcc ARS Atlas subset) [-] DGMI
tarnelifs Inear—surface temperature
@ absolute (| ralative changes are shovm
EL map  time series
Map options
T [ Historical + RCP4.5 =]

Measura: Difference of two periods j
Future pariod: WIZIT
Mean/percentiles: m a
May take up to 15 minutes the first time a season / measure is selected
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Climate Change Atlas

[Celsius]

Temperature Czech Rep. Jun-Aug AR5 CMIP5 subset. On the left, for each
scenario one line per model is shown plus the multi-model mean, on the right
percentiles of the whole dataset: the box extends from 25% to 75%, the

whiskers from 5% to 95% and the horizontal line denotes the median (50%).

Temperature Czech Rep. Jun-Aug AR5 CMIP5 subset

30 T T T 30
RCP2.6 =
28  RCP45 - 28
RCP6.0 =
26 - nistorical L r 26
24 | 24
22 22
20 20
18 & 18
16 16
14 14
12 - 12
10 L . L 10
1900 1950 2000 2050 2100 2081-2100 mean

Climate Change Atlas

KNMI Climate Change Atlas
Select a region
Type:

PCC WGLt

Future pariod:

Mean/percentiles:

S

@ 1pccwer () 1Pees (U countrias () place () bost &
Europe ~

First month [ Jun [=]. length |3 [=] months
| GeM: CMIPS (IPCC ARS Atlas subset) [+] &

| precipitation

© absolute

fom Jmoio

545 precipitation 2071-2100 minus 1981-2010 Jun-Aug ARS CMIPS subsat. The hatching r

#77 o
mean rcp45 precipitation 2071-2100 minus 1981-2010 Jun-Aug AR5 CMIP5 subset
ok

2

| I | l |—_ [mm/dy]

1-05-02-01 0 010205 1 2
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IPCC WGI Interactive Atlas

https://interactive-atlas.ipcc.ch/

Homew  About Guidance License

0
IDCG @@ IPCC WGI Interactive Atlas: Regional information
]
= =" (Advanced)

[\4) DATASET VARIABLE v v QUANTITY &
SCENARIO

; Slaacs. N ’ e
CMIP6 - Mean temperature (T) Change deg C - Warming 2°C SSP5-8.5 (rel. to 1850-1900) - Annual (34 models)
Regions: Western and Central Europe

- X
Seasonal

awL Annual . Table
© = " Stripes

i st
Plot cycle t Summary Ml stripes

Mean termperature (T)

1980 1995 2010 2026 2056 207 2086 2100

Dotted line: Model  Solid line: P5O (Median)  Gray shading: Selected period  Light / dark area: Spread PI0-P80 / P25-75

Export PDF @ Export PNG \/ Mask: None v Models

Dalsi zdroje dat - vybrané priklady

European Climate Assessment & Dataset project http://www.ecad.eu/
(ECA&D)

European Climate Assessment .- Dataset

ECA-D

Haorne FAG Daily data Indic es of extremes Returm values Extrerne events Project infa
Homa
Home

Welcome to the website of the European Climate Assessment & Dataset project. Presented is
information on changes in weather and climate extremes, as well as the daily dataset needed to
monitor and analyse these extremes. ECA&D was initiated by the ECSN in 1998 and has received
financial support from the EUMETNET and the European Commission.

The database is updated until: Dec 31, 2015.

19 February 2016 - The lanuary 2016 update has been delayed until March
2016 due to technical problems.

December 2015 - 2015 is the joint warmest year on record. It has been very
slightly warmer than in 2014, mainly due to the exceptionally warm December.
See the Climate Indicator Bulletin on this year.

November 2015 - The Spanish Meteorological Service Aemet now updates its
stations each month.

November 2015 - The Czech HydroMeteorological Institute CHMI has shared 65
new stations and updates these monthly.

October 2015 - E-OBS version 12.0 has been released.

Al news items
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Dalsi zdroje dat

Copernicus Climate Change Service https://climate.copernicus.eu/

Implemented by ECMWF as part of The Copernicus Programme News Events Press Tenders Help&Support _ Q

. ' Climate
US (f? Change Service AboutUs  Whatwedo Data

IMPLEENTED BY

CSECMWF

=\
=1 T
=l == Commission

Climate Change

We provide authoritative information about the
past, present and future climate, as well as tools to
enable climate change mitigation and adaptation
strategies by policy makers and businesses.

Dalsi zdroje dat

Copernicus Climate Change Service https://climate.copernicus.eu/

prove the service

! (opemicus_. S ECMWF (:l‘gmr:cmnlv

Yeur feedback el

-
Toolbox editor

Preview
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Dalsi zdroje dat

Climatic Research Unit (CRU) http://www.cru.uea.ac.uk/

TN St Climatic Research Unit gjﬁ

Home About CRU Data Academic Programmes Research Staff and Students Information Sheets Publications Media News/Events

Home

The aim of the Climafic Research Unit (CRU) is ggbal ar ter;'lperal;:e
to improve scientifi/understanding in — 020 anomaly +0.92°C
[ (2nd warmest on record)
» past climate higtory and its impact on = HadCRUTS Analysis
humanity g
s the course and causes of climate change S
during the prgfsent century &
« prospects jor the future g
6 SR Climatic Research Unit &
i
Data
« Temperate (45 grasea vrsions)
Pl and crcymton s o
I e o ] T S | S S S R S
 Meditertanean cimate 1860 1880 1900 1920 1940 1960 1980 2000_ 2020

Apne cimaie gaia
* Fign-resolyion griseed catasets
m 5 dala - pasted t0 2014

* Pacomaie
+ g

niang

* Ealcangs
« Diousnt naices

* iner

* Dara avalabiy

* Dalta and otve sapers

v °
Dalsi zdroje dat
NOAA - National Centers for Environmental Information

https://www.ncdc.noaa.gov/

<D, NATIONAL CENTERS FOR =
) ENVIRONMENTAL INFORMATION |

s
ATIONAL OCEANI PHERIC ADMIN AN ¥

o

Formerly the National Climatic Data Center (NCDC)... more about NCEI »

Home Climate Information Data Access Customer Support Contact About

Home > D: s > Paleoclimatology > Paleodlimatology Datasets

k Link i
Quick tinks Paleoclimatology Datasets
Land-Based Station -
Satellite 4
Radar v
Model v o

Coral
Weather Balloon ~
Marine / Ocean -
paleoclimatology ~
Datasets ~
Borehole

Climate Forcing
Climate Reconstruction

Coral and Sclerosponge

Paleo Modeling s econst Tree-ring

Fauna

These links provide access to descriptive information and explanatory notes, maps, searches, visualizations,
Fire History 2 N

and more, The data cover the globe, and while most span the last few millennia, some datasets extend back
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Dalsi zdroje dat

WCRP Coupled Model Intercomparison Project
https://www.wcrp-climate.org/wgcm-cmip

World Climate Research Programme

o CH -

Advanced search

#  AboutWCRP v Core Projects Unifying Themes v  Grand Challenges v  Lighthouse Activities v Events v News v Resources v

WCRP Coupled Model Intercomparison Project
(CMIP)

@ A Short Introduction to Climate Models - CMIP & CMIP6 [ (o
Piehratpo..  Sdilet

»
\ s 4
""‘.‘!7 ,,*’

E Jorld Climate Research Programme’s |
Vysila: (8 YouTube oupled MWOH‘I =

A Short Intreduction to Climate Models - CMIP & CMIP6

WGCM
Overview
Members
Meetings
Publications

cMIP
AShort Introduction (Video)
CMIP Panel
Job Adverts for CMIP-IPO
WGCM Infrastructure Panel (WIP)
cMIP3
CMIPS
CMIPs

Catalogue of MIPs
CMIP6-Endorsed MIPs
Other active MIPs
Former MIPs
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