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Expert Team on Climate Change
Detection and Indices, ETCCDI

27 carefully selected indicators to
cover many aspects of climate

change beyond changes in the mean

Useful for monitoring climate change
at local, regional and global scales

Rclimdex Software, Fclimdex, CRAN
Package pcic.climdex

Expanded to Climpact (Climate
Impact), first pilot workshop in
Guayaquil, Ecuador, 2012
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Accessing Climpact

e https://climpact-sci.org i Glimpact

Quickly calculate climate indices using your own weather and climate data

Use Climpact to quickly analyse climate extremes using
your own weather or climate data.

il \ L1

3

Climpact is a software package to calculate Climpact allows you to calculate these indices Climpact was developed by the World
climate indices that are relevant for the health, from your own daily weather data—either plain- Meteorological Organization's Expert Team on
agriculture and water sectors. text point data (from a weather station, for Sector-Specific Climate Indices (ET-SCI) to help
‘example) or across an entire gridded NetCDF file researchers deliver useful and relevant climate
The indices calculated by Climpact are derived (like climate model output). information to sector users.

from daily temperature and rainfall data.

e e
Learn more the indices

O

Looking for information on future changes in the

climate? Climate Information, developed by the
SMHI an hahalf nf GCE WMO and WORD nffarc
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https://climpact-sci.org/

Station: 638200 [-4.0422°S, 39.6088°E]

Index: tn90p. Annual percentage of days when TN = 90th percentile Sen Slope.
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Sen's slope = 0.156 lower bound = 0.103, upper bound = 0.214, p-value =0
Climpactv 3.3
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Development of an Updated Global Land In Situ-Based Data Set of Temperature and Precipitation Extremes:

HadEX3
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Indices looking at number of days referred to an absolute threshold TN

Short L. Plain language . Time
Long name Definition .. Units Sector(s)
hame description scale
Days when
Number of days when TN < 0 minimum Mon/
FD Frost Days ) days H, AFS
°C temperature is Ann
below 0°C
Days when
Number of days when TN < 2 minimum Mon/
TNIt2 TN below 2°C . days AFS
°C temperature is Ann
below 2°C
Days when
Number of days when TN < -2 minimum Mon/
TNItm?2 TN below -2°C . days AFS
°C temperature is Ann
below -2°C
Days when
Number of days when TN < -20 minimum Mon/
TNItm20 TN below -20°C . days H, AFS
S temperature is Ann
below -20°C
Days when
. . Number of days when TN > 20 minimum Mon/
TR Tropical nights days H,AFS
°C temperature Ann
exceeds 20°C
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Indices looking at number of days referred to an absolute temperature threshold TX

Days when
Number of days when TX < 0 maximum Mon/
ID Ice Days . days H, AFS
°C temperature is Ann
below 0°C
Days when
Number of days when TX > 25 maximum Mon/
SuU Summer days days H
°C temperature Ann

exceeds 25°C

Days when
Number of days when TX >= maximum Mon
TXge30 TX of at least 30°C Y . days I H, AFS
30 °C temperature is at Ann
least 30°C
Days when
Number of days when TX >= maximum Mon/
TXge35 TX of at least 35°C . days H, AFS
35 °C temperature is at Ann
least 35°C
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Indices looking at number of days referred to an absolute mean temperature threshold

Days when
Number of days when TM >=5 average Mon/
TMge5 TM of at least 5°C . days AFS
°C temperature is at Ann
least 5°C
Days when
Number of days when TM < 5 average Mon/
TMIt5 TM below 5°C . days AFS
°C temperature is Ann
below 5°C
Days when
Number of days when TM >= average Mon/
TMge10 TM of at least 10°C . days AFS
10 °C temperature is at Ann
least 10°C
Days when
Number of days when TM < 10 average Mon/
TMIt10 TM below 10°C . days AFS
°C temperature is Ann
below 10°C
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Indices looking at the length of the growing season unsing TG

Annual number of days
between the first occurrence of L
. . . Length of time in
Growing Season 6 consecutive days with TM > 5 ,
GSL _ which plants can days Ann AFS
Length °C and the first occurrence of 6
. . row
consecutive days with TM < 5 J
°C
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Indices looking at temperaures in °C

Average range of
DTR Daily Temperature Mean difference between daily maximum and o Mon/
Range TX and daily TN minimum Ann
temperature
. . Mon/
TNx Max TN Warmest daily TN Hottest night °C Ann
Mon
TXn Min TX Coldest daily TX Coldest day °C Ann/
. Average daily Mon/
TMm Mean TM Mean daily mean temperature °C
temperature Ann
. . Average daily
Mean daily maximum . Mon/
TXm Mean TX maximum e
temperature Ann
temperature
Average dail
Mean daily minimum . 9 y Mon/
TNm Mean TN minimum °C
temperature Ann
temperature
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Classic temperature percentile indices

Minimum temperature at De Bilt

TX10p

TX90p

TN10p

TN9Op

Amount of cool days

Amount of hot days

Amount of cold nights

Amount of warm
nights

Percentage of days when TX <
10th percentile

Percentage of days when TX >
90th percentile

Percentage of days when TN <
10th percentile

Percentage of days when TN >
90th percentile

Fraction of days
with cool day
time
temperatures

Fraction of days
with hot day time
temperatures

Fraction of days
with cold night
time
temperatures

Fraction of days
with warm night
time
temperatures

%
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CLIMATE CHANGE INDICATORS:

exceedances of percentiles (temperature)

eszived: 2 Joruary 200 | Kevised: 24 April 20m

Aceepiedt 6 July 2020 | Published o 6 August 201

BOE 10,1002 fjac 740

RESEARCH ARTICLE

International Journal

Is it possible to fit extreme climate change indices together
seamlessly in the era of accelerated warming?
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Abstract

This sudy examines the problematic impact of selecting a different base period
(colder 1961-1990 vs. warmer 1988-2017), on the trend magnitude of widely
used percentile-based extreme temperature indices (e.g, warm/cold spells,
warm/cold days and nights). The percentile-based indices are part of a core set
of indices (27 in tomal) that have become 2 common standard for monitoring
climate change, as recommended by the Expert Team on Climate Change
Detection and Indices (ETCCDI). The indices were designed to be comparable
across regions provided that similar analyses are employed. Unfortunately, the
use of different base periods and periods of interest o explore local and global
climate change undermines the comparability of findings across regions. When
uiilizing “day-count™ indices with fixed thresholds, the use of different base/
reference periods changes the intercept without influencing the slope (for a
given period length). However, this assertion does not hold with percentile-
based indices. Our analyses show that percentile-based temperature indices
(eg. days with temperature below the 10% or above the 90% percentiles) are
particularly susceptible to the problematic use of different base periods. Hence,
using percentile-based indices may have adverse effects on researchers’ conclu-
sions. The current paper reports the resulis of a comparative study that used
different base periods for the most commonly used percentile-baged extreme
temperature indices. It was found that the (negative) trend magnitude of the
cold percentile-based indices (frequency of cold days and nights and cold
spells) is strongly amplified while the (positive) trend magnitude of the warm
indices (frequency of warm days and nights and warm spells) is dramatically
diminished when percentiles were derived from a base period that included
records from the last two decades (e.g., 1981-2010, 1988-2017). These features
are even more pronounced when the study period covers only the last 30-
40 years,

KEYWORDS
base period, climate change, climate extreme indices, percentile-based indices, warming rends

FIGURE 4 Regional averaged
anomaly series (1950-2017) relative
to 1961-1990 mean values of four
percentile-based indices: TX10p,
TX90p, TN10p, and TN90p. Solid
(red) and dashed (blue) lines
represent the two base periods from
which the percentiles were derived,
1988-2017 (warmer) and 1961-1990
(colder) respectively. Solid blue and
red lines denote the linear trends of
the period 1988-2017 for both base
periods
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CLIMATE CHANGE INDICATORS:

exceedances of percentiles (temperature)
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climate change undermines the comparability of findings across regions. When
uiilizing “day-count™ indices with fixed thresholds, the use of different base/
reference periods changes the intercept without influencing the slope (for a
given period length). However, this assertion does not hold with percentile-
based indices. Our analyses show that percentile-based temperature indices
(eg. days with temperature below the 10% or above the 90% percentiles) are
particularly susceptible to the problematic use of different base periods. Hence,
using percentile-based indices may have adverse effects on researchers’ conclu-
sions. The current paper reports the resulis of a comparative study that used
different base periods for the most commonly used percentile-baged extreme
temperature indices. It was found that the (negative) trend magnitude of the
cold percentile-based indices (frequency of cold days and nights and cold
spells) is strongly amplified while the (positive) trend magnitude of the warm
indices (frequency of warm days and nights and warm spells) is dramatically
diminished when percentiles were derived from a base period that included
records from the last two decades (e.g., 1981-2010, 1988-2017). These features
are even more pronounced when the study period covers only the last 30-
40 years,
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Station: 638200 [-4.0422°S, 39.6088°E]

Index: tn90p. Annual percentage of days when TN > 90th percentile
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Sen's slope = 0.342 lower bound = 0.246, upper bound = 0.445, p-value =0

Mombasa ref. 1961-1990

Climpactv 3.3

* Selecting the reference period

alters the slope in percentile-
based indices

Mombasa ref. 1991-2020

Station: 638200 [-4.0422°S, 39.6088°E]

Index: tn80p. Annual percentage of days when TN = 90th percentile
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Sen's slope = 0.156 lower bound = 0.101, upper bound = 0.212, p-value =0
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Other percentile temperature indices

TXgt50p

Fraction of days with
temperatures above
the median

Percentage of days where TX >

50th percentile

Fraction of days
with above-
median
temperature

%

Mon/
Ann

H, AFS,
WRH

TX9O5t

Very warm day
threshold

Value of 95th percentile of TX

A threshold

where days

above this

temperature O
would be

classified as very

warm

Daily

H, AFS

- Centre for
~¥ Climate Change

QS B
SCESCAT

UNIVERSITAT ROVIRA i VIRGILI
Institut Universitari de Recer:

ca en Sostenibilitat,

Canvi Climatic i Transicié Energética (IU-RESCAT)

April, 2025
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Indices expressing Warm (Cold) spells based on the persistence of days above (below)

the 90™ (10t ) percentile

o

Climate Change

RCESCAT

Institut Universitari de Recerca en Sostenibilitat,
g’ Canvi Climatic i Transicié Energética (IU-RESCAT)

Number of days
Annual number of days L
L contributing to a
. contributing to events where 6 .
Warm spell duration ) warm period H, AFS,
WSDI Lo or more consecutive days . days Ann
indicator . (where the period WRH
experience TX > 90th
orcentile has to be at least
P 6 days long)
Number of days
Annual number of days . y
o contributing to a
contributing to events where d .
. . warm period H, AFS,
WSDId User-defined WSDI or more consecutive days days Ann
. (where the WRH
experience TX > 90th ..
. minimum length
percentile . O
is user-specified)
Number of days
Annual number of days L y
L contributing to a
. contributing to events where 6 .
Cold spell duration . cold period
CsDI . or more consecutive days . days Ann H, AFS
indicator . (where the period
experience TN < 10th
. has to be at least
percentile
6 days long)
Number of days
Annual number of days . y
L contributing to a
contributing to events where d .
. . cold period H, AFS,
CsbDid User-defined CSDI or more consecutive days days Ann
. (where the WRH
experience TN < 10th .
ercentile minimum length
B is user-specified)
Centre for U UNIVERSITAT ROVIRA i VIRGILI ClimEd Workshop, Vila-seca, Tarragona, Spain.

April, 2025




Consectutive hot days and nights

Total consecutive

. Annual count of d consecutive hot days and hot
User-defined )

. days where both TX > 95th nights (where H, AFS,

TXdTNd consecutive number of . . events Ann
_ percentile and TN > 95th consecutive WRH
hot days and nights . .
percentile, where 10 >=d >=2 periods are user-
specified)

- Centre for c ] UNIVERSITAT ROVIRA i VIRGILL ClimEd Workshop, Vila-seca, Tarragona, Spain.
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Indices based on the “degree days concept”

Annual sum of n - TM (where n

. is a user-defined location-
HDDheatn Heating Degree Days .
specific base temperature and

T™M < n)

Annual sum of TM - n (where n

. is a user-defined location-
CDDcoldn Cooling Degree Days o
specific base temperature and

T™ > n)

Annual sum of TM - n (where n

) is a user-defined location-
GDDgrown Growing Degree Days .
specific base temperature and

T™ >n)

L) r

A measure of the
energy demand
needed to heat a
building

A measure of the
energy demand
needed to cool a
building

A measure of
heat
accumulation to
predict plant and
animal
developmental
rates

degree-
days

degree-
days

degree-
days

Ann

Ann

Ann

H, AFS

o Centre for J UNIVERSITAT ROVIRA i VIRGILI
L] g nstitut Universitari de Recerca en Sostenibilitat,
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ClimEd Workshop, Vila-seca, Tarragona, Spain.
April, 2025




Heat waves: definitions, metrics

Station: 33301 - Rivne_ AMSG

[~ [ 2]
[=] =
L L

Temperature [*C]
=

=

= Temperature = Chlmatology =—— Threshold

Apr 1952 Jul 1952 Oct 1952 Jan 1953

*Perkins S.E., Alexander L.V. (2013) On the Measurement of Heat Waves. J. Climate, 26, 4500-4517

+ afor U

Several HW definitions are usually
used depending on purposes/target
sec’gor (economy, public health,
etc.).

We use the generalized and unified
approach by Perkins and Alexander
#2013)*, which is the most suitable
or climatology

HW is an event when TX above 90-
th percentile, calculated based
on the WMO standard 1961-1990
reference period, persist at least
three consecutive days, with
permission of a 1-day time gap

ClimEd Worlﬁ“p Vila-seca, Tarragona, Spain.

MSCA m " UNIVERSITAT ROVIRA i VIRGILI
Institut Universitari de R Sostenibilitat, (EETHE, .
< teChange 88y RCSCAT | LDttt tretios o R = April, 2025



Heat waves: definitions, metrics, uncertainty
« HW metrics (all calculated on the yearly basis):
« heat wave number (HWN) is the yearly number of heat wave events, [events]

« heat wave duration (HWD) is the length of the longest yearly event, [days]
« heat wave frequency (HWF) is the sum of participating heat wave days per year, [days]

« heat wave amplitude (HWA) is the maximum intensity of the hottest yearly event, [°C] (the HW

Intensity is defined as a difference between TX and a corresponding value of the climatological
seasonal cycle)

Station: 33275 - Sumy_ AMSG

40 A

HWN(1946) = 3 [events]
HWD(1946) = 12 [days]
HWF(1946) = 23 (6+5+12) [days]
HWA(1946) = 17 [°C]

Ba
=
L

=]
L

Temperature [*C]

201 — Tempersiire — Climaiclogy — Theeshold 1 All HW metric calculations were performed with
; - = . R package heatwaveR
Apr 1946 Jul 1946 Oct 1946 Jan 1947 P &
: f{.‘.'l' & |U UNIVERSITAT ROVIRA i VIRGILI Cl|mEd VV&J:[;ﬁ;;hop, Vila‘seca, Tal'l’agona, Spain.
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HW Indices (Days and Events)

The number of individual
heatwaves that occur each
summer (Nov — Mar in southern

Heatwave number hemisphere and May — Sep in
HWN (EHF/ (HWN) as defined by northern hemisphere). A See Appendix D Number of
TX90/ either the Excess Heat heatwave is defined as 3 or and Perkins and individual Ann H, AFS,
Tho0) Factor (EHF), 90th more days where either the Alexander (2013) heatwaves WRH
percentile of TX or the EHF is positive, TX > 90th for more details. events
90th percentile of TN percentile of TX or where TN >
90th percentile of TN. Where
percentiles are calculated from
base period specified by user.
Heatwave frequency
HWF) as defined b See Appendix D
HWF(EHF/ ( . ) 4 The number of days that pp.
either the Excess Heat . and Perkins and H, AFS,
Tx90/ contribute to heatwaves as - days Ann
Factor (EHF), 90th ) . Alexander (2013) WRH
Tn90) . identified by HWN. -
percentile of TX or the for more details.

90th percentile of TN

e Centre for c U UNIVERSITAT ROVIRA i VIRGILL ClimEd Workshop, Vila-seca, Tarragona, Spain.
o Climate Change RESCAT @"c“;;':?25?:::.??:‘?:&&?52::;53f:?.‘a?;l’eé'é“;’r, April, 2025




HW Indices (°C)

HWM (EHF/
Tx90/
Th90)

HWA (EHF/
Tx90/
Tn90)

Heatwave magnitude
(HWM) as defined by
either the Excess Heat
Factor (EHF), 90th
percentile of TX or the
90th percentile of TN

Heatwave amplitude
(HWA) as defined by
either the Excess Heat
Factor (EHF), 90th
percentile of TX or the
90th percentile of TN

The mean temperature of all

heatwaves identified by HWN.

The peak daily value in the
hottest heatwave (defined as
the heatwave with highest
HWM).

See Appendix D

and Perkins and °C (°C"2
Alexander (2013) for EHF)
for more details.

See Appendix D

and Perkins and °C (°C"2
Alexander (2013) for EHF)
for more details.

Ann

Ann

H, AFS,
WRH

H, AFS,
WRH
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CW Indices (Days)

See Appendix D
Coldwave number Lo .
. The number of individual and Nairn and
CWN_ECF (CWN) as defined by ‘coldwaves' that occur each Fawcett (2013) events Ann H, AFS,
- the Excess Cold Factor WRH
year. for more
(ECF). . .
information.
See Appendix D
Coldwave frequency .
. The number of days that and Nairn and
(CWF) as defined by . - H, AFS,
CWEF_ECF contribute to ‘coldwaves' as Fawcett (2013) days Ann
the Excess Cold Factor . . WRH
identified by ECF_HWN. for more
(ECF). . :
information.
See Appendix D
Coldwave duration p,p
_ The length of the longest and Nairn and
CWD_ECF (CWD) as defined by ‘coldwave’ identified b Fawcett (2013) days Ann H, AFS,
- the Excess Cold Factor y Y WRH
ECF_HWN. for more
(ECF). . :
information.
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CW Indices (°C)

CWM_ECF

CWA_ECF

Coldwave magnitude
(CWM) as defined by
the Excess Cold Factor
(ECF).

Coldwave amplitude
(CWA) as defined by
the Excess Cold Factor
(ECF).

The mean temperature of all
‘coldwaves' identified by
ECF_HWN.

The minimum daily value in the
coldest ‘coldwave’ (defined as
the coldwave with lowest
ECF_HWM).

See Appendix D

and Nairn and

Fawcett (2013) °C"2
for more

information.

See Appendix D

and Nairn and

Fawcett (2013) °C”2
for more

information.

Ann H, AFS,
WRH

Ann H, AFS,
WRH

- 8 Centre for
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Drought Indices (adimensional)

SPI

SPEI

Standardised
Precipitation Index

Standardised
Precipitation
Evapotranspiration
Index

Measure of “drought” using the
Standardised Precipitation
Index on time scales of 3, 6 and
12 months. See McKee et al.
(1993) and the WMO SPI User
guide (World Meteorological
Organization, 2012) for details.
Calculated using the SPEIR
package.

Measure of “drought” using the
Standardised Precipitation
Evapotranspiration Index on
time scales of 3, 6 and 12
months. See Vicente-Serrano
et al. (2010) for details.
Calculated using the SPEIR
package.

A drought
measure
specified as a
precipitation
deficit

A drought
measure
specified using
precipitation and
evaporation

unitless

unitless

H, AFS,
Custom

WRH

H, AFS,
Custom

WRH
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Consecutive Wet/Dry Days

Maximum annual number of

The longest wet

CWD Consecutive Wet Days consecutive wet days (when PR I days Ann
spe
>= 1.0 mm) P
Maximum number of H AFS
CDD Consecutive Dry Days consecutive dry days (when PR Longest dry spell days Ann V\;RH '
< 1.0 mm)
. ¥ Centre for c J UNIVERSITAT ROVIRA i VIRGILI N ClimEd WOI’kShOp, Vila-seca, Tarragona, Spain.
o Climate Change RESCAT Cam Climtie el Energhtics QU RESCAT April, 2025




Rainfall indices in days or mm/day

Days when
Number of heavy rain Number of days when PR >= 10 .y . Mon/
R10mm rainfall is at least days
days mm Ann
10mm
Days when
Number of customised rainfall is at least Mon/
Rnnmm _ Number of days when PR >=nn . days
rain days a user-specified Ann
number of mm
Annual total PR divided by the Average daily
SDII Daily PR intensity number of wet days (when total wet-day rainfall mm/day Ann

PR >= 1.0 mm) intensity

. Centre for c ] UNIVERSITAT ROVIRA i VIRGILL ClimEd Workshop, Vila-seca, Tarragona, Spain.
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Rainfall indices based on percentiles

Total annual PR from

Annual sum of daily PR > 95th

Amount of rainfall

R95p . . from very wet mm Ann
heavy rain days percentile
days
_ Amount of rainfall
Total annual PR from Annual sum of daily PR > 99th
R99p . . from extremely mm Ann
very heavy rain days percentile
wet days
Fraction of total
RO5GTOT Contribution from very 100*195p / PRCPTOT wet-day rainfall o Ann AFS,
P wet days R that comes from ° WRH
very wet days
Fraction of total
Contribution from wet-day rainfall AFS
RO9pTOT 100*r99p [ PRCPTOT that comes from % Ann '
extremely wet days WRH
extremely wet
days

a Centre for J UNIVERSITAT ROVIRA i VIRGILI
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Rainfall indices based mm

Maximum amount

Mon
Rx1day Max 1-day PR Maximum 1-day PR total of rain that fallsin mm Ann/
one day
Maximum amount
of rain that falls in Mon
Rx5day Max 5-day PR Maximum 5-day PR total . . mm /
five consecutive Ann
days
Maximum amount
User-defined ) .
RXdda consecutive days PR Maximum d-day PR total of rain that falls in mm Mon/ H, AFS,
4 Yy y a user-specified Ann WRH
amount .
period
PRCPTOT Annual total wet-day Sum of dailv PR >= 1.0 mm Total wet-day m Mon/ AFS,
PR Y o rainfall Ann WRH

April, 2025
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Thanks for your attention!
Any guestions?
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