Methods in climatology

I. Introduction, data sources

Climate and climatology

+ Climate = weather statistics

+ Climatology data - ,average" of meteorological data
* Methods in climatology - descriptive statistics

Climate system

CAUSES CLIMATE SYSTEM CLIMATE VARIATIONS
(external forcing) (internal interactions) (internal responses)
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* Non-linear relationships - small changes may cause big consequences

Ocean

+ Dynamic equilibrium

+ Internal variability

+ Positive/negative feedbacks

+ Interactions on different time/space scales

Contemporary climatology

High complexity
+ Stochastic nature of climate
Dealing with uncertainty

+ New data sources: W . .
I 1 { I
o palaeoclimatology i3\ M‘Wm,,__ M'M\/""':'

: T L

o satellite climatology

o climate modelling

Rozmér klimatického systému, asova a
prostorova promeénlivost klimatu

SloZitost tipIného klimatického systému i jeho subsystémil se odrdZi v znaéné
Easové a prostorové proménlivosti hodnot meteorologickych prvki a jejich
klimatologickych charakteristik

V praktickych aplikacich se zabyvdme &dstmi dpiného klimatického systému.
Popisujeme ho typickymi hodnotami meteorologickych prvki resp. jejich
klimatologickych charakteristik (rozmér globdlni, regiondlni, mezo, topo, mikro,
rozmér hraniénich vrstev).

Kategorie Easové
proménlivosti klimatu

« sekuldrni

Kategorie prostorové
proménlivosti klimatu

i L « globdlni
« interannudlini

L, « regiondlni
+ sezénni

i o, « topickd az chorickd
« interdiurni

o . -+ Jind
« jind (geologickych

dob, ....i Fdd minut)

Climatology data sources

+ Observations
« stations (points)
« fields (interpolated, remotely sensed)
* meteorological variables
« climate indices (e.g. NAO Index)
+ Proxy reconstructions (also spatial)
+ Reanalyses
+ Hindcasts
* Model outputs (global, regional)




Climate Explorer https://climexp.knmi.nl/

Starting point

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

on [mm/month]

Data sources - some examples

KNMI Climate Explorer

Select a field
> Daily felds
>

Monthly reanalysis fields

> Monthly seasona hindcasts
> anthly decadal hindcasts

> onthly RCH runs

> Manthly CHIPS+ scenario runs.
5 Manthly CHIZS scenario runs

> Annual CHIPS exiremes

> ECEarth scenario runs

> View, upload your field

Dalsi zdroje dat

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

: European Climate Assessment - Dataset
ECA'D
Home  FAQ  Dailydsta  Indicesof etremes  Retumvalues  Etremeevents  Projectinfo

Welcome to the website of the European Climate Assessment & Dataset project. Presented is
information on changes in weather and cimate extremes, as well as the daily dataset needed to
monitor and analyse these extremes. ECARD 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 Febyudry 2016 - Tha January 2016 update has been delayed unki March
2016 due to technical problem:

December 2015 - 2015 i the jont 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 mont

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

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

Dalsi zdroje dat

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

[ E University of
East Anglia

Home  ADOUICRU  Dsta  AcademicProgrammes Research  Siaffand Students

Home

Climatic Research Unit rgjlﬁl

information Sheels  Publications  Media  News/Evenls

Global air temperature
2015 anomaly +0.75°C
(warmest on record)

[The aim of the Climafic Research Unit (CRU) is
0 improve scientific/understanding in

« past climate higtory and its impact on
humanity

« the course afid causes of cimate change

@
@
Temperature anomaly (°C)
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Dalsi zdroje dat
IRI/LDEO Climate Data Library http://iridl.Ideo.columbia.edu/
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Dalsi zdroje dat

BADC - The British Atmospheric Data Centre

http://badc.nerc.ac.uk/home/index. html

&Home " yBADC  Data  Search  Community Help
About the BADC

[ About Us:
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o find out more about the BADC, please follow the links on the sub-tab sections abovo.

Search for Data:

Gentre for Environmental Data Analysis Latest News.
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Wsubscribe to the CEDA News feed as RSS or ATOM

Dalsi zdroje dat

NOAA - National Centers for Environmental Information

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

NATIONAL CENTE
 NOAAKTRSE

Formerly the National Climatic Data Center (NCDC)... more abou

Home ~ Climate Information

Customer Support  Contact  About

Quick Links

Land-ased Station

Satelite -
Radar -
Model -
Weather Balloon ~
Merine / Ocean -
Paleoclimatology P

Datasets -~

Borehole

Climae Forcing
Climate Reconstruction
Coraland Sclerosgonge

Fauna

‘These links provide access to descriptive information and explanatory notes, maps, searches, visualizations,

Fire History
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Dalsi zdroje dat

CMIP5 - Coupled Model Intercomparison Project Phase 5
http://cmip-pcmdi.linl.gov/cmip5/

News  CMP3  CMPS Accompishments Linss Conlac Rss )

(CMIP5 - Coupled Model Intercomparison Project Phase SEet /"2
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Vybér Fady primérnych mési¢nich teplot
vzduchu z Brna, Tufan

Select a time series.

Climate Explorer
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> View, upload your field
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Time series plots per season

ICN_v3_mean._temperature > Dy cimate indices

Climate Explorer

1 BRI DA W PR T | s

Time series plots per yr0 .
BRNO/TURANY_anomalies e wme e m ww me me

The thick i is 3 10-year running average (eps, pdf, raw data)

Jan-Dec BANO/TURANY_anomalies (11723_19611990a)

tavg [Celsius]

1
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Existuje vztah mezi primérnou zimni
teplotou vzduchu v Brné, Tufanech a NAO
indexem?

Climate Explorer

Nejprve ovérime normalitu rozdélni teplotni Fady

jMake and fit a histogram | selecta time series
J6RNO/TURANY GHCN_v3_mean_temperature (11723) > oy st
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Existuje vztah mezi primérnou zimni

Climate Explor'er‘ teplotou vzduchu v Brné, TuFanech a NAO
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Existuje vztah mezi primérnou zimni

Climate Explor'er‘ teplotou vzduchu v Brng, TuFanech a NAO

indexem?
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. Existuje vztah mezi priimérnou zimni
Climate Explor'er‘ teplotou vzduchu v Brng, TuFanech a NAO
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Climate Explor'er‘ Jakd je prostorovd reprezentativnost
brnénské teplotni Fady?

Correlate time series with Select a time series
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Climate Explor'er‘ + prostorovd korelace - srdzky

+ telekonekce

o o RS BGTTURAR g 2 recptaton (o) v o g svargd R0 15523
precipitation 19512014 p<10% (eps.
corr Jun—Aug su'nmﬁd BRNO/TURANY ghcn_v2

precipitation_(all)
with Jun-Aug averaged CRU T53.23 precipitafio

1951:2014 p<10%

i S RN s et (1] Ot A G TR
pracipitation 195112013 p<10% (pz, pd
corr Dec—Feb summed BRNO/TURANY ghcn_v2_precipitation_(all)
with Dec—Feb averaged CRU T$3.23 pveupxmhon 1951:2013 p<10%




. . Analy li meteorologickych prvkd /
Climate Explor'er' Analyza poli meteorologickych prvki / Climate Explor‘er‘ k,i:\gfiﬂop;ic'k;,cehe:;gr?li'f:!i;ﬁﬁrv
klimatologickych charakteristik s
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Data sources - reanalyses Data sources - hindcasts (backtesting)
+ Reanalysis is a scientific method for developing a comprehensive record of + testing a predictive model using existing historic data
how weather and climate are changing over time.
- Observations and a numerical model that simulates one or more aspects of * astatistical calculation determining probable past conditions
the Earth system are combined objectively to generate a synthesized 3 . ) ) . ) .
estimate of‘yfhe state of the sys’reJm yiog s + hindcasting usually refers to a numerical model integration of a historical

period where no observations have been assimilated. This distinguishes a
hindcast run from a reanalysis.

Reanalyses are created via an unchanging ("frozen") data assimilation
scheme and model(s) which ingest all available observations every 6-12 hours
over the period being analyzed.

This unchanging framework provides a dynamically consistent estimate of http://www.oceanweather.com/research/HindcastApproach.html
the climate state at each time step.

A reanalysis typically extends over several decades or longer, and covers
the entire globe from the Earth's surface to well above the stratosphere.

+ NCEP/NCAR Reanalysis
+ ECMWEF re-analysis (ERA-40, ERA-Interim)

https://reanalyses.org/

https://reanalyses.org/atmosphere/comparison-table




Data sources - Model simulations

+ CMIP5 - Coupled Model Intercomparison Project
RCM - ENSEMBLES

Climate Change Atlas

KNMI Climate Explorer

KNMI Climate Change Atlas

Selecta region
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Selecta season
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Select a dataset and variable
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Make map | sy tae up to 15 minutes the first ime » sesson / messure is selactad

Referance pariod:

Users are strongly advised to study the short
introduction. Speciic help is available under the [

Further information

@ > Short introduction

'CC WG1 ARS report, notably Annex I "Atlas"
> CMIPS co-ordinated climate model experiments

8

Funding
> kML

> Red Cross / Red Crescent Climate Centre
5 Dutch Ministry of Infrastructure and Environment,
DaM

88 8 8

]

Climate Change Atlas

Temperature Gzech Rep. Jun-Aug AR5 GMIPS subset
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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%).

Climate Change Atlas

KNMI Climate Change Atias
Setectaregion

B Europe el

Sesson et e[ [=] e [3 [=] menthe

GON: CMIPS (PCC ARS Atlos subser) 5}

precpraton — &I

fiso1faono
[eo7sfas00

2 -1 -05-02-01 0 0102 05 1

mean rcpd5 precipitation 2071-2100 minus 1981-2010 Jun-Aug ARS CMIPS subset

e -

A

[mm/dy]




