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1. Introduction

Climate encapsulates the description of how the atmosphere behaves over a long period of time
(typically defined a® 30-yearperiod, i nf or ming us on the faver ag:ée
description of other aspects of weather patterns and parameters distribothaing
anomalous, rare and extreme weathents Some examples of extreme events include, but are

not limited to, heat waves, cold waves, floods, heavy precipitations, drought, tornadoes, and
tropical cyclones. Even though extreme events do not occur often, they can be harmful to our
heath, can cause great devastation to infrastructures, can affect our economy,evahaause

the loss of life PCC 202). It is therefore necessary for Meteorological communities to improve

the understanding and characterization of extreme weather and climate events in time and space
with consistent methodologies for their definitiand the computation of their thresholds, so that
efficient systems for monitoring and forecasting these events can be deployed as part of building
resilient societies coping with climate variability and adapting to climate change.

As climate differs fromlocation to location, the definition of an extreme event (weather or
climate) and its threshold also differ from location to location. In other words, what is considered
an extreme value of a given climate element in one location can be consideredyasitigmn

the normal range in a different location. In addition to natural reasons, there are also practical
reasons for the varying definitions; for example the need to focus on a particular sector of
applications that requires specific thresholds to tattgons. This is the case, for example, in
defining heatwaves in a hedtealth warning system for which a heat wave can be described
specifically according to the potential impacts on human health.

In its attempt to provide guidance on best practicethen domain of weather and climate
extremes, the WMO Commission for Climatolog@Cl) established a Task Team on the
Definition of Extreme Weather and Climate Evefft$-DEWCE)back in 2010The Task Team
based its work on reviewing the existing literatures in the subject. The surfmoasgson
extreme events that are derived from Temperature and Precipitation, in particular the following
type of events: Heat Waves, Cold Waves, Heavyipitaton, Wet Spells, Drought, and Dry
Spells. In addition to the review of the literatures, the Task Team surveyed the National
Meteorological and Hydrological Servic@dMHSs) to assess the current status of practices in
defining and monitoring thesepgs of extreme events.

In addition, meteorological hazards, which are not listed in the above survey, but which usually
occur as part of changing weather conditions, can also induce high impacts, such as hail storms,
sand storms, dust storms, wind storsrsyw storms, among others are also considered in chapter
IV. The goalis to list the existing definitions of hazards and develop their catalogue for easy
reference in the process of establishing and operating-Maktards Early Warning Systems as
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well asto contribute in the efforts of assessing loss and damages which arentgteédxarological
related.

This document will inform on the scientific and technical background, as well as provide
guidelines to define and characterize extreme weather and ckwextées and will provide some
examples that were provided through the country survey.

2. Scientific and Technical Background
2.1 Review of Existing Literature on Extreme Weather and Climate Events (EWCES)

Analysis at a global scale for a giveaxtremé@ such as heat waves, cold waves, heavy
precipitatio® may be particularly problematic because of, in various parts of the globe, lack of
high-quality daily observation records covering multiple decades that are part of integrated data
sets. Likely asa partial result of this, the Intergovernmental Panel on Climate Ch#pG€ (

2007, 2013 has noted that for many regions of the world it is not yet possible to make firm
assessments of how global warming has affected extremes. Existing literaturasogncer
extremegnainly addressed related issues from the following perspectives:

a) Basic descriptive variables

Early studies for extremes simply consider maximum/minimum temperature and total cumulative
precipitation at a given time scdleg. daily, monthlyseasonahnd annual)(e.g. Karl et al.

199, Karl and Knight 1998, Zhai et al. 200%uchsimple analysis fails to capture the high and

l ow tails (i.e., fAextremeso) of the distribut

b) Derived variables

Derived values of prepitation and temperature have also been used in scientific evaluation.
Diurnal Temperature Range (DTR, the difference between maximum and minimum temperature)
is one of theillustrating derived variables used in climatic extremes research. Precipitation
intensity (precipitation per unit of time, e.g., mm/day) is one of the more common derived
variables used in climatic extremes research involving precipitation variabilityNmgon et al.

1999. Another derived variable involves computing peaks in sjgegprecipitation events over

the values of mean precipitatiolcero et al. (2011ysed a statistical approach to analyze such
data in their study of extreme rainfall over the Iberian Peninsula

¢) Threshold categorization

A simple method is to establish specific threshold for temperature and extreme precipitation
events and evaluate the extremes that occur over (or under) that given threshold. For example,
Dash and Mamgain (201tategorized heat waves and cold spellsahd using threshoslwith
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daily maximum temperaturesver 40°C (heat waves) and wind chill effective minimum
temperatures less than or equal to 10°C, respectively. Another common mean of ascertaining
thresholds is based on selecting the tail of distrmsti for temperature and precipitation.
Statistical partitions such as by quartiles or percentiles of the distribution have provided a means
for evaluating extremes. Heat waves, for exa
90th percentilepersi sti ng for three or more dayso for a
(Pezza et al. 20)2For precipitation, other segregations have used variant distributions other
than a standard o6énormal é distributi osometo ba:
researchers have employed generalized extreme valugGEV) distribution or a Pareto

distribution toapproximate precipitation distributions.

d) Human perspective of extremes

In terms of heat waves, considering human perception through derived indices that include other
variables than simply temperature (e.g. humidity) becomes another means of analysis. For
example Metzger et al. (2010)sed a Forecast Heat Index in exces859F (35°C) to evaluate
summer heat waves for New York Ciwillett and Sherwood (2012mployed a wet bulb globe
temperature above 35°C as their threshold in their study of heat waves.

€) Hydrological/agriculture

Hydrologists and engineers often empla probability recurrence interval as a means of
classifying extreme precipitation events. Su
by climatologists (e.gKunkel et al. 1999, Kharin et al. 200d&s a means of establishing trends

and varidions in extreme precipitation occurrence.

f) Derived indices

A new set of indices have gained prominence over the last decade in the study of climate
extremes. The set of indices used in this analysis are based on the 27 indices of temperature and
precpitation from daily data formulated and internationally coordinated by the joint
CCI/WCRP/JCOMM Expert Team on Climate Change Detection and Indices (ETCCDI) (WMO

TD. No 1500, 2009).Many ETCCDI indices are based on percentiles with thresholds set to assess
moderate extremes that typically occur a few times every year rather than high impaat- once
adecade weather events.

In particular, in the study of heat wayéwo of the most popular indices have been \ttiarm

(Cold) spell duration indeXwWSDI / CSD): Annual count of days with at least 6 consecutive

days when the maximum (minimum) temperature is in tfe(20") percentile (&day window)

of a base period. An issue with such definitions is that the criteria can be met in any season such
that @cdheéntspell 06 can be defined in the wint
utility, as runs of 6 or more consecutive days above thie (8 below the 1th) percentileare

rare or unknown in many climate&léxander et al. [2006]
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g) Basic hydrologic/climatological indices

Indices constructed from a combination of soil moisture and climatic parameters have been used
in drought assessment for decades. One of the earliest and widely used indicé3aisnére
Drought Severity Index (PDSthat wa developed by Wayne Palmer in the 1960s. It employs
temperature and rainfall information in a formula to determine dryness. The Palmer Index is
most effective in determining long term (with length of several months) drought. Recently, one
of the most usd drought rainfall indices has been the Standardized Precipitation Index (SPI).
SPI is an index based on the probability of recording a given amount of precipitation, and the
probabilities are standardized so that an index of zero indicates the medigitgiren amount

(half of the historical precipitation amounts are below the median, and half are above the
median). Please see section 3.4 for additional information on SPI.

h) Expert interpretation / classification of drought

A fundamental problem ddll drought indices is that no single index works under all temporal

and geographical circumstancéte({m, 2003. Consequently, many countries have undertaken a
blend of mathematical (objective) and perception/observational (expert) assessments of drought
As example, the US and North American Drought Monit8gopoda et al. 200 has been very
successful in assessing and communicating the state of drought in the US on a weekly basis. The
people assessing drought for these regions use a process tthesizgs multiple indices,
outlooks and local impacts, into an assessment that best represents current drought conditions.

In the special report of the IPCGn managing the risks of extreme events and disasters to
advance climate change adaptatitPQC 2012) extremes are understood from the following
three general categories:

(1) Extremes of atmospheric weather and climate variables

An extreme (weather or climate) event is generally defined as the occurrence of a value of a
weather or climate variablgbove (or below) a threshold value near the upper (or lower) ends
(6tailsbd) of the range of observed values of
floods) may be the result of an accumulation of weather or climate events that areuallyivid

not extreme themselves (though their accumulation is extreme).

(2) Largescale phenomena accounting for extremes (e.g., tropical and extratropical cyclones,
ENSOI[EI Nifio/La Nifia] and monsoons)

A weather system such as a tropical cyclone can hawexi@eme impact, depending on where
and when it approaches landfall, even if the specific cyclone is not extreme relative to other
tropical cyclones. Conversely, not all extremes necessarily lead to serious impacts. Many
weather and climate extremes dne tesult of natural climate variability (including phenomena
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such as El Nifusouthern Oscillation and natural decadal or muttecadal variations in the
climate provide the backdrop for anthropogenic climate changes. Even if there were no
anthropogenichanges in climate, a wide variety of natural weather and climate extremes would
still occur.

(3) Collateral effects of extremes on the physical environment

Weather or climate events, even if not extreme in a statistical sense, can still lead to extreme
conditions or impacts, either by crossing a critical threshold in a social, ecological, or physical
system, or by occurring simultaneously with other events. Droughts, floods, extreme sea level,
waves, storm surgesand coastal impacts are typical cases #wrt severe impact on the
physical environment. Other physical impacts, including cryospiedaited impacts, landslides,

and sand and dust storms, can also be included. These extremes are not caused by variations in a
single atmospheric weather andnwite variable, but are generally the result of specific
conditions in several variables, as well as of some surface properties or states. For instance, both
floods and droughts are related to precipitation extremes, but are also impacted by other
atmospheac and surface conditions.

Nevertheless, among climate science communities, extreme weather and climate events tend to
be categorized into the following three types,

[1] Extremes of a single variable

An extreme can be identified when a single climateabde (e.g. precipitationr wind) exceed

its specific thresholds, which can be varying percetideed values, fixed absolute values and
return period. Not all extremes necessarily have extreme imfadteme weather or climate
eventcanvary from plae to place in an absolute sense (e.g., a hot day in the tropi¢saaweh
different temperature than a hot day in the4hatitudes)and society tends to adaptite climate
historical ranges of the intensity of extremes

[2] Compound (multivariable) ésemes

Some climate extremes (e.g., droughts, floods) may be the result of an accumulation of moderate
weather or climate events (this accumulation being itself extreme). In climate science, compound
events can be (1) two or more extreme events occusiimgltaneously or successively, (2)
combinations of extreme events with underlying conditions that amplify the impact of the events,
or (3) combinations of events that are not themselves extremes but lead to an extreme event or
impact when combined. The minibuting events can be of similar (clustered multiple events) or
different type(s). There are several varieties of clustered multiple events. Examples of compound
events resulting from events of different types are varilu instance, high sea levabiaciding

with tropical cyclone landfall, or cold and dry conditions (e.g., the Mongolian Dzud), or the
impact of hot events and droughts on wildfire, or a combined risk of flooding from sea level

surges and precipitatieinduced high river discharg&yersson and Jones, 2002; Van den Brink
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regions.

[3] Weather phenomenassociated with extremes (e.g. thunderstorms and hail)

Compound

events

can

even result
projected occurrence of both droughts and heavy precipitation events in future climate in some

¢tw9aog

from

Some extremes may be linked with weather phenomenon, which themselves may be not extreme.

For example, sand storm forms in the arid region when strong Wiodsloose sand

2.2 WMO and IPCC Terminology

Extreme Event: The occurrence of a value of a weather or climate variable above (or below) a
threshold value near the upper (or lower) ends of the range of observed values of the {rariable.
many cases, a weather or climate event with high impattasdeeradas extreme event. In this

guideline, frequently occumg high impact weather and climate extremes such as heat wave,
cold wave, extreme precipitation and droughttheemain focus

Hazard: The potential occurrence of a natural or husmatuced physical event that may cause
loss of life, injury, or other health impacts, as well as damage and loss to property, infrastructure,
livelihoods, service provision, and environmental resources.

Climate indices: Are indices derivedrom measured meteoralical parameters that are used to
diagnose and describe the state of a climate system.

Regional extreme event: an extreme event covers a large space, or many places at the same

time period.

Early Warning:

The set of capacities needed to generate ansemisate timely and

meaningful warning information to enable individuals, communities, and organizations
threatened by a hazard to prepare and to act appropriately and in sufficient time to reduce the

possibility of harm or loss.

Climate Prediction: A climate prediction or climate forecast is the result of an attempt to
produce a most likely description or estimate of the actual evolution of the climate in the future
(e.g., at seasonal, interannual, or leagn timescales).

Climate Watch: A

i Cl

mat e

Wat cho

can

serve

as a

me c h a

community that a significant climate anomaly (or climate extreme) exists or might develop and

that preparedness measures should be initiated. In general, as part of a Climhtsyéfato,

the NMHS would continuously monitor and assess the state of the climate, evaluate available
climate forecasts, and, when conditions warrant, issue formal climate watches to alert end users.

End users would then be in a position to undertake rectto mitigate the climateelated

impacts.
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3. Definition and characterization of Extreme Weather and Climate Events
3.1. General aspects

In developing thisguideline the TFDEWCE disseminateda survey for WMO Members
requesting the information on tldefinitions and criteriaf extreme weatheand climate events
that areused operationallyn their National Meteorological and Hydrological Services. The
survey mainly foused on four types dfigh impactextreme events, namely heat wave, cold
wave, drouft and heavy precipitationBy the tme of writing of this guideline53 countries
responded to the survey, wikry good geographical representation of teatinents, and of the
climate characteristics, which include countries with tropical wet andlomate arid and semi
arid climate continental andubarcticclimate According to their memberships of the Regional
Associations (RA), the number of countries which has respoaggd from RA-I, 9 from RA-

I, 5 from RA-1II, 5from RA-IV, 5from RA-V, and18from RA-VI.

From the53 countries which respondedof them have nariteriaon anyof theextreme events.
The graph and text below summarizes the number of countries with and without definitions for
each extreme event

45
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definitions

H Countries with
definitions

Heat wave Cold spell Heavy Drought
precipitation

For heat waveral cold waveall countries havindgropical climate respondatiat they have no
definition or criteria for those eventshe other countriecated in the higher latitudes or in the
Middle Eastgenerally havehe following criteria for heat wave: the temperature exceeds a
certain thresholdbased on absolute value or percentilasyl persist longer than a certain
amount of days. In the contrary for cold waves,dhierion isthat the temperatuis less thara
certain threshold and persisbngerthana certain amount of daySrom te survey, nly around
65% of the responded countries have criteria on heat wave, and &0ustthve criteria on cold
spell. Among them, aroun@D% of countriesthatresponded having criteria for heat wave,duse
absolute value for the threshold and aro@@él uses percentile based threstsoM/hile for cold
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spelk, around60% of countries having criteria for cold wave used absolute value for the
threshold and arouriéb%used percentile based threshold.

For droudpt, around 80% of the countries responded that they have criteria and indices for
drought. Among thoseountrieswhich have indices for drought, the majoriiground 70%)
follow the recommended drought index from WMO which is the Standardized Precipitation
Index (SPI).There areseveralcountries which use¢combinatiors of) various indicesbesides

the SPIl,such as the SPEI, the Palmer drought if8E®l) and expert assesgents, and also
using hydrological criterion for drought.

For heavy precipitatioraround60% of countries responded that they have criteria and indices
for heavyprecipitation. Around’0% of thosecountries used criteri@r heavy precipitation with
absolute value threshold farcertain amount of time (hourl$, hours,6 hours, or daily). Other
criterion which is quite commonly used by Member countries is using percentiles as the
threshold, for instance the ®5r the ®" percentile, which amounts arouffi%of the countries
which have responded. A small percentage of countries, arbigises return period criteria

or based on rainfall distribution consideration.

More details on the types of extreme weather and diiniadices used by countriemre
summarized in the table below:

Table 3.1 Summary of the survey on extremes for WMO Members

Event : Heat wa/Col d spegHeavy Drought
precipit

#countri|34 27 32 4 2
def i nit.

Absol vuaeée|20 16 23 1
t hreshol
Percenti|l1 7 9 10
t hreshol
Extreme |5 1
| ndekHI )
Heeateal t H3
i ndex
Temper at 4
dr op
Return o 3
di stribu
based cr
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SPI

SPEI

Pal mer

R WO1N

Wat er b a
agricul't

rel at ed

With regard to the question of support from WMO for extreme weather and climate events,
responses of the countries mostly can be categorized intoljeotives which are the need for

a guideline for extreme events definitions and the need for capadiiynly to improve climate
monitoring and predictions.

The summary of the survey is presented in the appendix and available ohilitpe/ifocation

The following sectionaims to present a general framework of the definition of extremes, by
proposing characterization aspects that is necessary to describe an exteemélembersire
encouraged tdeterminetheir own definitions and criteria according to their specifimate and

needs. Showcases for the four extreme events are presented in the appendix as a means to
complement the general framework that is given.

3.2. Specific guidance for selected Extreme Weather and Climate Events
3.2.1 Heat wave

Heat wave is a pervasive meteorological phenomena resultitige imortality of people,
agricultural losses, anithcreasesnany risks suctas healthrelatedrisks, wild fires, power
shortage and accidents, among othEiidHS are mandated to provide heatwsaadvisories

to help decision making by the various sectors to minimize these risks and potential damages.
Currently, there is no universal accepted definition of heat waves. However, many countries
have adopted local criteria for issuing heat wave adeso Recently,from a health
perspective guidance on hedtealth warninghas been issued by WMO (WMo 1142,

2015).

To meet NMHS needs for providing consistent information on heat waves, there is a need to
standardize the definition of a heat wave. Tdefinition should address the physical,
temporal and spatial characterization of the event. The aim is to help develop a system that
can inform more consistently on the occurrence and evolution of the event including
information on its magnitude, duratioextent and severity. The definition should also allow
developinginter-operable data bases on heat waves worldwide for use in research and
applications.

Heat wave definition
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According to WM@ Meteoterm vocabulary, a heat wave is an extreme weather event with
marked warming of the air, or the invasion of very warm air, over a large area; it usually lasts
from a few days to a few weeks. time IPCC glossary, heat wave is a period of abnormally
and uncomfortably hot weatheEven though theVNMO and IPCCdefinition describes
broadly the event, thdefinitionsare not sufficient in guiding NMHSs to develop practical
methodologies and tools ferheat wave monitoring systethat would allowcomparisos
across borders. The WMO TDEWCE recommendsusing a practical and qualitatively
oriented definition of a heat waveheat wave is defined as follows:

A marked unusual hot weathefMax, Min and daily average)over a region
persisting at leastwo consecutivedays during the hot period of the year based on
local climatological conditions, with thermal conditions recorded above given
thresholds.

Heat wavs differ from warm spe8. Similar to heat waves, avrm spellsare defined as a
persistent periodf abnormal warm weather. Warm spell can be defined in terms othop 5
or 1ah percentile of Tmaxf the time of year. lusuallyoccus during the cold periodf the
year, not during the climatologically hot period.

Recommendation for standardcharacterization of a heat wave

To quantitatively reflect a heat wave evethe definition of heat waveshould be
complemented bgharacterizationvith the following 4 metrics:

1. Magnitude: it should be computed based on an index or a set of indices of thermal
condition(s) exceeding certain threshold(s). Such thermal index cas fienpleas one
meteorological element (i.e., Tmax) or as complicated as a combined index by multiple
variables soh as temperature, humidity or even including wind speed. Threshold reflects
the abnormal condition or extremity of the event. Indices, criteria and thresholds should
be defined by NMHS at national and soditional scalgaccording to its own climate
condtions and applications. They should be maintained in an official data base and
communicated to WMO.

2. Duration: will lead tothe compuation ofthe persistence of a heat wave and should be
based on recording the starting time and the ending time of the event

3. Severity: is a measure which integrateso aspects of the event, its magnitude, and its
persistence.

4. Extent: is computed to inform on the geographical area affected and the widespread
aspect of the heat wave.
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Both, Severity and Extenshould be monitored and communicated to the users to inform on
the incurred risks. To practically monitor a heat wave event, the Task Team recommends
computingcertain values pertinent to these metrics and reflecting the physical, temporal and
spatial cheacterization of a heat waysee table3).

WMO guide on developing warning systems for heat waves

Past occurrences of heat wawesd significant impact on several aspexbf society. On

health sector, mortality and morbidityyeincreased. Ecosystem services can be affected, as
well as increased pressure on infrastrucutbat support sociefysuch as water,
transportation and energy. Recognizithg vast impact of heat waves, especially on the
health aspect, the WMO and the WHhave cepublished adocumerititledHeatwaves and
Health:  Guidance on Warnirg§ystem Developmei(WWMO-No. 1142) This document
describes several key aspects to develop warning systems for heat waves, starting from
assessments of heat waves, definitiond amethodologies, communication of warnings,

intervention strategies, and longer term planning perspectives for managing heat wave events.

In supporting one of the Global Framework of Climate Servimeds which is to develop
effective climate services fdhe health sector, this document is aimed to enable and assist
NMHSs to develop this sector specidiervices togetheawith their health relatedounterpart
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Thermal Index (Thm)

Threshold (Thms)

Temporal information

Spatial information

Daily values of Tmax.
ofand Tmin, or a
combination of thest
two with other
variables  such a
relative humidity (RH)
and wind speed

Thresholds are computed bas
on historical values of Thm.

It should provide a limit beyon
which  Thm  values are
statistically rare(*), or having
potential negative impacts ¢
one or several applicatia
sectors. (*) The WMC
Climatological Standard norm
should be used to the exte
possibleto define the ba:s
period and departure from tt
average andgrcentiles.

Record at station leve
information on the star
time and end time of he:
wave events and keep t
information in a database.

As a heat wave evolves wi
time it is important to use
preferably GIS(*) to:

1. Calculate the area affect
by the event and at whic
degree.

2. Locate the coordinates of t
impaced stations and th
center with the highest therm
index value.

(*) Geographical Informatior
Systems

Another way to characteriz
the extent of the area affect
in case GIS software isot
available, would be to provid
the percent of stations whe
the observed temperatu
surpassed Thms.

Magnitude

Duration

Extent

Values of
synthesized method.

ThmThms;Can be computed with

Computed at station leve

which is a number o
consecutive days  wit
Thm>Thms

Severity:

An aggregate of several measures through a formula or set of logical criteria apg
magnitude andduration. It should be categorized threelevels: moderate, severe a

extreme

Area computed using
gridding technique applied @

Thm or using objective criteri
applied on one or sever
elements included [

computing Thm.

bt
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Historical and real time dailyalues oTmax, Tmin, RH, Multi-day observation Multi-station observatio
windspeed and direction which can be complemented
other means such as remot
sensed data when observatio
network is not sufficiently
dense.

350 Table3.2 Characterizatioof a heat wave event
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3.2.2Cold wave

Cold wave isa meteorological event generally characterized by a sharp drop of air
temperature near the surface leading to extremely low values, steep rise of pressure, and
strengthening of wind speedr associated witlhazardousveather, like frost and icing. It

often causes severe impacts on human health, agriculture and high heating cost, or even
resulting in mortality for human beisgand livestock. IPCC (2007) noted: celdives
continue to be a problem in northern latitudes, where very low temperatures can be reached
in a few hours and extend over long periods. Howevbkere is still a lack of a clear and
consistent definition for cdl wave everstin the world. Thus, after reviewing thexisting
definitions in publications and some countries' operational activities] T-DEWCE has
developed the Guideline for definition and characterization of the cold wave for WMO
members.

Cold wavedefinition

According to WM@ #/eteoterm vocabulary, a cold wave isdrked cooling of the air, or
the invasion of very cold air, over a large drdaeU.S. National Weather Servickefinesa

cold waveas a rapid fall in temperature within a -2%ur period requiring substantially
increased protection to agriculture, industry, commerce, and social activities. In &toid,
wave is defined as a dramatiooling weather process, with large scale cold air from the high
latitudesinvadingthe middle and lower latitude regior@old waves aralsosimply defined
aspersistentextreme low temperature eversigstainingspecified temperatusebelow some
thresholds over some minimum number of days (DRi@ d i nandMladjenl u r 2012;
Petersoret al 2013).

The existing terminology helgzovidea broad scope for understanding the subject matter of
the phenomena and its underlying physical factors. Therefore the Task Team recommends
building on the existing terminology to guide Members on a standard approach for defining
cold waves.

It considersalso that it is important foNMHSs to use methods and tools that help
objectively characterize a cold wave in space and time with indices that allow recording its
start, duration and cessation at the site where it was recorded. In addition it is alganmp

to provide information on the severity and the geographical extent of the event. Both severity
and extent are very important information for using in early warnings, risk assessment and
climate change research.

A cold waveis defined in thigyuideline in general terms as

A markedand unusual cold weathecharacterized by a sharp and significant drop
of air temperatures near the surface (Max, Min and daily average) oadarge

14| Page
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area and persisting below certain thresholds for at least two ssmutive days
during the cold season.

Thethresholddor a cold wavearedetermined by the rate at which the temperature falls, and
the minimum to which it falls. This minimum temperature is dependent on the geographical
region and time of yeaiypically, a cold wave is associated with invasion of very cold air
caused by a polar high latitudeair-mass displacement to lower latitudes, or in some cases
associated with or enforced by long radiative cooling during a blocking and clear sky
atmospheric cirdation.

Cold waves can also occduring spring and aitumn. Howeverduring summer the cooling

of the air near the surface that can be caused by atypical seasonal temperature conditions
and/or winds can lead to cold spelghich is a period of time during which temperatures
drops significantly below thaormal conditions.Neverthelessthe Task Team recommends
preservinghe use of cold wave definition only during the cold season with a certain margin
period of time around.

Recommendation for standard characterization of a cold wave

To quantitatively reflect a cold wave event, the definition of cold wave should be
complemented by characterization with the following 4 metrics:

1. Magnitude: it is computed based on an index or a set of indices measuring the
temperature drop below certain threshold(s) to measure the intensity of the event. Index
and indices are normally used to measuredle of the temperature droppingand the
minimum pic \alues. Threshoklcan bean absolutevalue or percentilesThe magnitude
reflects the abnormal cold condition or extremity of the outbreak of the cold event. The
detailed indices, criteria and thresholds should be defined by NMHS at national and sub
natioral scale according to its own climate conditions aaplplications.They should be
maintained in an official data base and communicated to WMO.

2. Duration: it will lead to computingthe persistence of a cold wave and should be based
on recording its startingme and ending time. The starting time of cold wave is marked
by the day with sharp drop of temperature below the threshold and extreme cold
condition, or only with extreme cold condit®meaching the threshold. When the
temperature returns to the degmot satisfying the extreme conditsssmymore the cold
wave ends. The time between ending and starting is the duration.

3. Severity: is a measure which injeates two aspects of the event: its magnitaie its
persistence.

4. Extent:is computed to infornon the geographical area affected and the widespread

aspect of the cold wave.
15| Page
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Temperature index:  Threshold
Ti (Ts; or Ts;and Tsy)

Temporal information

Spatial information

Ti;:Computed using¢ Computed based on historic
daily values of Tmin, values of the index.
Tmax and average It should provide a limit beyon
temperature. which, values are statistical
A separate index 7i rare(*), or a certain thrésld
can be computed usin value having potential negati\
temperature change i impacts on one or sever
the last 24 hours. application sectors.
(*) The WMO Climatological
Standard normal should be us
to the extent possible to define t
base period and departure frc
the average and percentiles.

Persistent at lea 2
days.

Record at station leve
information on  the
starting time, ending

time and duration o

cold wave. Keep th
information in a
database.

As a cold wave evolves with tim
it is important to use preferably
GIS to:

1. Calculate the area affected
the event and at which degree.
2. Locate the coordinates of t
iImpact stations and the cent
with the peak values of th
indices.
Another way to characterize tl
extent of the area affected in ce
GIS software is not availablg
would be to provide theercent
of stations where the observ
temperature surpassed Ts.

Magnitude

Extent

Value of TiTs; or defined by a synthesized method t
could include also the drop rate in the past 24 hours an
lowesttemperature during cold wave process.

Duration
Computed at statio
level which is the

number of consecutiv
days satisfying the
criteria.

Severity:

An aggregate of several measures through a formula or set of logical criteria é
It should be categorized ithree levels: moderate

on magnitude and duration.
severe anéxtreme

Computed based on mufttation
data with gridding. It is possibl
to use model analysiswhen
observing networks aneot den®
(such aswith temperature profile
at 1000, 950, 900, 850 mb)
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Historicaland real time daily Tmax, Tmin. Multi-day observation | Surfaceobservation which can b
complemented by other mea
such ageanalysismodel analysis
or remotely sensed data wh
observational network is ng
sufficiently dense.

Table3.3Characterization of a cold wave event
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3.2.3Extreme precipitation and wet spells

The occurrence of heavy precipitation events is a major hazard that has often led to floods,
landslidesas well as thdéoss ofhumanlives andmajoreconomic lossesn many regions of
the world it is likely that there have been statistically significant increases in the number of

heavy precipitation event@though it is not uniform in all regions (IPCC 201B)is also

reportel that for a range of emission scenarithee projectionsuntil the end of the 21st

centuryindicatethat it is likely that events ofannual maximum 2our precipitationrate
having a 1in-20 year return period(for theaseline periot961-1990 will become a An-5
to -15 year eventindicating a trend of more frequent extreme heavy precipitation £vent

(IPCC 2012.

There is a strong spatiotemporal inhomogeneity of extreme precipigtioa precipitation

values as heavy will vary from region to rem and will also depend on the seasn.

provide a consistent general guidance in defining extreme precipitation, some basic

parameters, including magnitude (intensity), duration, severity and spatial eXtsied

should be included. Tlke parameters should be enabled on multiple time scales of

precipitation extremes, such lagurly, daily,andmulti-day scales

Extreme precipitation definition

Since thee arelarge variatios in precipitation patte throughout the world, it is not

¢tw9aog

possible to define a single definition of heavy precipitation that is suitable for all refyions.
the International Meteorological Vocabulary (WMOS8 2 ) heavy rain i

with a rate of accumulation exaké n g

a precipitation evenis consideredo be extreme, it relas to one of the following two
contexts (1) a precipitation event is considered to be extreme when it exceeds a certain
threshold thahas a certain associated impaat. a fixed thresholdor (2) a precipitation

a

S p dtésiretogrizedyemelallytbad when

event is considered to be extreme due to its rardya percentiased threshold he rarity

of occurrenceends to takes the form of upper"9®5", and 99 percentile of precipitation.
Such percentibased threshold is usually derived from statistical cumulative density
function or some conceptual distributions for precipitation extremes (such as Generalized

S

Extreme Value, GEV)Building on the existing défitions, scientific literatures and practices
among the WMO Members, this guidéms to guide Members on a standard approach to

define heavy precipitation.

The outcome ofheavy precipitation from thesurvey of extremes disseminated to the

countries, premnts several key findings, which atbat the majority of countries defined

heavy precipitationvith a certain thresholdn varying time periods, ranging from 1 hour to

48hours and also taking into account seasonality. In some cases, percentile baskdldhr
is also used by the countries. Having considered these&ylprecipitations defined in this

guideline in general terms as

18| Page

2

de:



462
463
464

465
466
467

468
469
470
471
472

473
474
475
476
477
478
479

480

481
482
483
484
485
486
487
488
489

490
491

492
493
494
495
496
497

DI L59[Lb9{ hb ¢19 59CLb¢Lhb !'!b5 ahbL¢hwLbD hC 9-¢w9a?d

A marked precipitation event occurringduring a period of time of 1h,3h,
6h,12h,24h or 48 hourswith a total precipitation exceeding a certain threshold
defined for a given location.

It is recommended that for reporting heavy precipitation events at regional level (for example
to Regional Climate CentrdfRCC9g), to use 2hourstime-scale as a period f@ common
criteria for heavy precipitation

Generally, the most commonly used approagbractice by the Members of the WM&hen
defining threshold for heavy rainfall,are categorized intabovetwo: (1) by absolute value
threshold and (2py statisticalsegregation / relative threshold, such as percergresturn
periods Specific definitions for the two categoriased by th&V/MO Members are presented
in the Appendix (XX) dthis document or available online isite locatioi.

While valuethreshold based characterization of extremes are more closely related to
application purposes, percentile based thresholds are more evenly distributed in space and is
meaningfuland applicablevhen sufficient observatiodataexists. Theflexibility to define

the percentildevel for extremswill also allow users to define a very rare event, foransé

an event exceeding the 99ibrcentile, or a record breaking event which exceeds the highest
percentile.Of particulate note is that bad on such percentile thresholds, even very rare
evensin some arid and serairid regions may have not high disastausing potential.

Wet spell definition

According to WMOO s Mand ehe t Itarnational dvietaobolodicalr vy
Vocabulary (WMQ182), a wet spell is defined aa period of a number of consecutive days

in which precipitation exceeding a specific minimum amount has occuridttibugh the

number of consecutive days is not spedfiin this guideline it is suggested to use five
consecutive days as the reference time for a wet spell. The reason for this is because of the
existing index from the ETCCDI, which is the monthly maximum consecutidays
precipitation (Rx5day), which cabe used for long term evaluation of the wet spells for
climate monitoring.Building on theseand the definition of a wet dag,wet spell is defined

in this guideline as

A period of at least fiveconsecutivedays with daily precipitation exceedingl
millimeter.

In addition toordinarywet spel§, long-lasting precipitation extremes, as an extreme case of
wet spells, also need to be paid particular attention to, because of theimpaytt property.

At individual station level, combed thresholds ofintensity and duration threshold is
utilized to define persistent precipitation extremExed absolute valug depending on
locationsseemmore proper to represent the disast@using potential, and at least three

days are required teatisfy preliminay duration For regional scales, transient event
19| Page
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identificationapproach(Ren et al. 2013)s usedto trace multiday processes moving from
locationto location quasistationary identificatiorscheme (Chen and Zhai 204i8)used to
guarantee stationarydnt related persistent heavy precipitation, whose major amount pours
into a highly concentrated area. The latter one tends to trigger severe floods during a few
days.

Below a general framework for defining heavy precipitation is proposed.
Recommendationfor standard characterization of heavy precipitation

To quantitatively reflect a heavy precipitation event, the definitioheafvy precipitation
should be complemented by characterization with the following 4 metrics:

1. Magnitude: it is computed based on an index or a set of indices measuring the

precipitation totabn various time scalége measure the intensity of the event.

2. Duration: it is computed by the number o$olated or consecutivéime unithe

precipitation satisfyinghte extreme criteria.

3. Severity: is a measure which integrates two aspects of the event. Its magnitude and its

persistence.

4. Extent: describes the area impacted by the heavy precipitation event.
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Table3.4 Characterization of a heavy precipitation event

Precipitation index:
Pi

Threshold
(Ps)

Temporal information

Spatial information

Pi: measured

12hr, 24h or 48hotal
precipitation

o Computed based orhistorical
analyzed forlhr, 6hr,

values of the index.

It should provide a limit beyon
which, values are statistical
rare(*), or a certain thresho
value having potential negati\
impacts on one or sever
application sectors.

(*) The WMO Climatological
Standard normashould be use
to the extent possible to define t
base periods and departure fre
the average and percentiles.

Record at station leve
information on  the
starting time, ending
time and duration o
heavy precipitation
Keep the information ir
a database.

As heavy precipitation evolve
with time it is important to us
preferably a GIS to:

1. Calculate the area affected
the event and at which degree.
2. Locate the coordinates of t
iImpact stations and the cent
with the peak values of th
indices.

Another way to characterize tf
extent of the area affected in ce
GIS software is not availabls
would be to provide the perce
of stations where the observ
precipitation surpassed Ps.

Magnitude Duration Extent
Valueof Pi-Ps The time period The geographical area comput
considered in the index based on muHstation data with
gridding when observin
networks are dense. Anoth
Severity: option is to use remote sensi

It should be established as function of thagnitudeonly (the duration is fixed) It
should be categorized in three leviedsivy, very heavand extreme.

and NWP model analysis output

Another way to characterize tf
extent is to provide the percent
stationsthat wereaffected.
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Historical and real time precipitation data hourly and Continuousobservation | Surface observation which can
daily timescales complemented by other mea

Precipitation index:  Threshold Temporal information  Spatial information
Pi (Ps)
Total precipitation 1mm in24-hr Record at station leve As a wet spell evolves with tim

information on  the it is important to use preferably

Table3.5 Characterization of wet spells
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starting time, endin¢ GIS to:
time and duration of we 1. Calculate the area affected
spell. Keep the the wet spél
information in a 2. Locate the coordinates of t
database. impact stations and the cenlt
with the peak values of the inde
Magnitude Duration Extent

Percent of total precipitation during the spell compare; Computed at station

the seasonal average.

level which is a numbe
of consecutive day
satisfying the threshold

Severity:

Is based on duration. It should be categorized in three lewatgr, long, and very
long. Additional information can be provided in terms of maximum daily f

recorded during the spell.

The geographical area comput
based on muklstation data with
gridding when observin
networks are dense. Anoth
option is to use remote sensi
and model analysis.

Historical and real timdaily precipitation data

Continuous observation

Surface observation which can
complemented by other mea
such as remotely sensed data
NWP model analysis whe
observational network is n(
sufficiently dense.
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3.2.4Drought and dry spells

Drought, a natural weather phenomenon that occurs in all climates, can differ greatly from
other extreme events. Unlike other extreme events, such as floods, tornadoes, and hurricanes,
which areweather events that are immediately detectable, dtpugh the other hand,
developslowly and steadymaking it difficult to determine the onset and end. Albeit its
development, drought can end up being extremely devastating and costly, affecting society,
the economy, natural habitats, and ecosystems. lerom facilitate communication,
management, and response, drought can be categorized into four general types: 1)
meteorological, 2) agricultural, 3) hydrological, 4) and sezonomic. Meteorological
drought is the atmospheric conditions resulting inahsence or reduction of precipitation

over a period of time. Meteorological drought can lead to impacts to agriculture due to
precipitation shortages, higher evapotranspiration, and soil moisture deficits, which results in
an agricultural drought. Metedomical drought can also lead to hydrological drought, which
occurs from depleted surface or subsurface water supplies. Socioeconomic drought is the
imbalance in supply and demand or the effect of water shortages on the economy (e.g. crop
losses) and sodig (e.g. health). All of these different types of drought have one thing in
common; they all begin with a deficiency of precipitation (meteorological drought).

Drought can be numerically defineing indicesthat integrate temperature, precipitation
and other variablesthat affect evapotranspiration and soil moisture. Several indices in
different countries assess precipitation deficits in various ways) as the Standardized
Precipitation Index. Other indices make use of additional weather variaiilesmost
commonly used index is the PDSI (Palmer, 1965) tisa&ts precipitation, temperature and
local available water content data to assess soil moiBRE@&, 2007.

Because of droughtdés complexity and how it
variety of sectors, it is difficult to develop a single definition of drought since no single
definition works in all circumstances. But in order to take initial stepdefining drought,

we are going to focus solebn meteorological droughdnd itsindices for the purpose of this
document.

Drought definition

Drought, as defined by WMO6s Meteoter m, i s

precipitation; a periocf abnormally dry weather sufficiently prolonged for the lack of
precipitation to cause a serious hydrological imbalance. It is also defined as a deficiency of
precipitation relative to what is expected that, when extended over a season or a longer
period of time, results in the inability to meet the demands of human activities and the
environment (Hayes 201 Droughtis defined in this guideline in general terms as
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A marked unusual period of abnormally dry weather characterized by prolonged
deficiency below a certainthreshold of precipitation over a large area and
persistingfor timescale longer than anonth.

Drought shoul dnot

be confused wi
insufficient or inadequte precipitation to maintain vegetatém c cor di ng t o WN
Meteoterm. In other words, drought is a temporary climate phenomenon, while aridity is a
permanent climate feature in areas that typically experience low precipitation throughout the
year. An exampl®f an arid place is the Saharan Desert, where the annual precipitation total
is approximately below 25 mm per year.

th aridity,

Drought typically begins as a dry sgeld period of abnormally dry weather; however, the
conditions are less severe than those of dro@te dry conditions begin to affect society
and the economy by not being able to meet the demands of human activities and the
environment, then itdés no

Dry spell definition

| onger

a dry spell

As indicated above, dry spell conditions usuatigiates drought, although not all dry spells
lead to drought condition. As defined in WMO Meteoterm, a dry spell is a period of
abnormally dry weather, where the conditions are less severe than those of a dnabght.
guideline, dry spell is definaed general terms as

A period of unusually dry conditions(*) of at least five consecutive days with daily

precipitation less than 1mm

(*) i.e.to exclude usually dryperiods such as during dry seasons

The choice of the five days period in the definition isdonsistencywith the definition of

wet spell given above.

WMO recommendation for drought index
In December 2009, 44 drought experts from 22 countries met in Lincoln, Nebraska, USA to
discuss the development of standards for drought indices and guidelines for drought early
warning systems. One of their recommendations was to encourage the us&iaintherd
Precipitation Index (SPI) to characterize meteorological droughts and provide this
information on their web sites, in addition to the indices currently used. Another outcome
from this meeting was the creation of a comprehensive user manual f&Pthavhich
provides a description of the index, the computation methods, examples of where it is
currently used, its strengths and limitations, mapping capabilities, and how it can be used.
For additional information on the recommendations from the ngeepltease see The

Lincoln Declaration on Drought
Recommended.

Indices: Universal

Meteorological

Drought Index
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The suggestion to use SPI as a drought index is mainly due to its sindpbtoigidering

only precipitation as a varialdleand effectiveness. SRielps quantify the precipitation
deficit since it is based on the probability of precipitation for any time scale. The
probabilities are standardized, where zero would represent the median precipitation amount,
a negative index would represent dry comehis (less than median precipitation), and a
positive index would represent wet conditions (greater than median precipitation).

When wusing SPI, drought i's consi delrOeadd t o
drought ends when the SPI value becomesitive. Dry spell is considered to have started
when the SPI value is betwednh5 and-1.0.

For more information on how to compute the
Recommendation for standard characterization of drought

Whencharacterizing draight event, the following four metrics should be considered:

1. Magnitude: Identifies the strength of the drought, whether it is abnormally dry, moderate
drought, severe drought, extreme drought or exceptional drought. The classification of
the magnitude of the drought will be determined ordife@ightindex value.

2. Duration: Theduration of the drought will be determined based on when it started and
ended.When wing the SPI index, drought is considered to have started when the SPI
i ndex v-40 ancedrought er@ds whére SPI value becomes positive

3. Severity: is a measure ich integrates two aspects of the event. Its magnitude and its
persistence.

4. Extent: Will inform on the geographical area affected and the widespread aspect of
drought.
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Drought index: Threshold Temporal Spatial information
Di (Ds) information
Di: Computed Computed based on histori¢ Persistent foi As a drought evolves with time it

using monthly or values of the index.

longer timescale It should provide a limit beyon

precipitation totals, which, values are statistical

or in combination rare(*), or a certain threshold valt

with other having potential negative impac

variables such a on one or several applicatic

evaporation, sectors.

temperature anc (*) The WMO Climatological

relative humidity. Standard normal should be used
the extent possible talefine the
base periods and departure from

average and percentiles.

timescales longer tha
a season.

Record at station leve
information on the
starting time, ending
time and duration o
drought. Keep the
information in a;
database.

important to use preferably a G
to:

1. Calculate the area affected by
event and at which magnitude
severity.

Magnitude

Duration

Extent

Value of DiDs; or defined by a synthesizetethod.

Computed at statio

level which is the
number consecutivi
months, seasons,

years satisfying the
criteria.

Severity:

An aggregate of several measures through a formula or set of logical ¢

applied on magnitude and duration. It should

categoriesnoderatesevere and extreme

be categorized in

The geographical area comput
based on mukstation data with
gridding when observing networ}
are dense. Another option is to U
remote sensing precipitation dal
when only precipitation data
considered.
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Historical and real time data needed to compute Di.

Precipitation index:  Threshold

Continuous

abhcaoriatinn

Surface observation complement

Ihay

Pi (Ps)

Temporal information

athar naoaonce cuicoh

Spatial information

TTCLVVUTIN TO TTULU OSUTITUICT ILl_y UCTIOUC.,.

Table3.6 Characterization of a drought event
Table3.7Characterizationf adry spell
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Total precipitationin Pi <lmm Record at statiorlevel | As adry spell evolves with timg
24 hours. information on  the it is important to use preferably
starting time, endin¢ GIS to:
time and duration of we 1. Calculate the area affected
spell. Keep the the wet spell
information in a 2. Locate thecoordinates of thg
database. iImpact stations and the cen
with the peak values of the inde
Magnitude Duration Extent
Percent ofdtal number oflays withprecipitation < Imm { Computed at statiof The geographical area comput
comparedo the average length tfe seasan level which is a numbe based on mukHstation data with
Dry periods,such as during dry seasomsarid orsemt | of consecutive day gridding when observin

arid areas should not be accounted.

Note: the definition of the wklry season is defined b
each country, where the start and end of the season s
also be defined based on average conditions.

satisfying the threshold

Severity:

Is based on duration. It should be categorized in three lemefsor, long, and

verylong.

networks are dense. Anoth
option is to use remote sensi
and model analysis.

Historical and real time dailgrecipitation data

Continuousobservation

Surface observation which can
complementedby other mean:
such as remotely sensed data
NWP model analysis whe
observational network is N
sufficiently dense.
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Showcasegor heat wave

Showcase 1:
Below is an example of heat wave monitoringroductby the European Region&limate
Center. The heat wave duration index is defined by maximum period > 5 consecutive days with
Tmaxabove 9 percentile of the 19611990 daily Tmax.

Heat Wave July 2015 (95th Percentile)

Beginning of Heat Wave July 2015 End of Heat Wave July 2015
95th Percentile 95th Percentile

j :g,{ﬁ k@:ﬂ meg %ﬁ Q%ii
. .(, t}‘ >

© DWD 0310872015 ©DWD 0310872015
nv. 2 4 6 8 10 I‘2 |'A 16 18 20 2 24 2% 28 nv. é 4 6 8 I.ﬂ 12 14 16 18 20 22 24 26 28
(day) (day]
Duration of Heat Wave July 2015 Number of Days of Heat Wave July 2015
95th Percentile 95th Percentile

oDl

© DWD 03/0872015

v. 2 4 8 8 10 12 14 16 18 20 22 24 26 28 nv. 2 4 6 8 10 12 14 16 18 20 22 24 26 28

7

[days)
Highest Intensity Heat Wave July 2015 Day of Highest Intensity Heat Wave July 2015

95th Percentile 95th Percentile

i

© DWD 03/08°2015

nv. 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 nv. 2 4 6 8 10 12 14 16 18 20 22 24 26 28
7 [day]
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Showcase 2:

A more complicated approach that considers hus@nfort and the magnitude definitioris
shown belowin China, to specifically define a heat wave and its intensity, a thermal index is
defined based on perceivable temperature, a threshold based on percentile to reflect extremity
and an excess heat index to quantify the magnitude of thewlaeat event. The steps are as

follows:

Firstly, an extreme hot day index is calculated when Timaxer 33C.

AEPR4] A vpR 4l AQop T
AEPR4T Aad vp 4l AGop 2 (

o€ ( omA
ofR( omb

¢tw9aog

Then, a threshold Tis for hot day is defined awex50th percentile over all the sample days with
Tmax over 33C during Magept for 19842000 reference period. If Ti of a typical day is over

Tis, that day will beclassifiedas a hot day.

Further, a heat wave(severity)index is defined by Hi, an index takingagdount impacts of

excess heat of the typical day, and the previous days, as well as impact of the heat wave duration.

(EPR4E4EOmMU pHNA4E 4EOM™ T

where N is the persistent time of the extreme hot weather processTdtng,typical day Heat

pXT A Ep

index, Tis the threshold of heat wave, Tii previous i day of the heat wave and ndi the number of
heat wave days from day i before the typical day.

Based on Himagnitudeof the heat wave can be assed by on the following table.

Classification

of

He at wave

_ Light MOderatESever He
Magni t wayve wave Cl ass
(Cl a%s (Cl a$s
Hi 2. 80Hi| 6. 50Hi < Hi 010.

Showcase 3:

The Australian Bureau of Meteorology provided services for heat wave assessments as well as
heat wave forecast services through their

www.bom.gov.au/australia/heatwavéhe forecast of the heat wave is given over a these
period for lead times up to six days. The assessment and the fanéwastusers on the level of

website

in the

following

link

heat waves for the following level of severity: lomiensity heat wave, severe heat wave and
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extrane heat waveThe heat wave definition used this services three or more days of high
maximum and high minimum temperature that are unusual to a certain location.

Three-day Heatwave Assessment Moy
for Monday, Tueeday and Wednesday o
starting Monday 02/11/20156 e Y
Product of the Bureau of Meteorclogy \ T

[re—— vl

Figure S1. Products of the Bureau of Meteorology for a tiegeheat wave assessment for the

§
Hoatwave Saverity — J satwave Severity
Y T YA
Exlre N I Extr
Heatwave AL Ry 7 Heatwave
= i
| Sevare © - T | sevare
3 { Ny | Hoawave
Low-intensity Three-day Heatwave Forecast e Low-iniensily
Healwave for Sunday, Monday and Tuesday h Heatwave

starting Sunday 08/11/2016 T ¥
Product of the Bureau of Metecrology VT

| "

period of 24 November 2015 (left), and heat wave forecast &0 83dlovember 2015 (right).

Showcases for cold wave

Showcase 1:

As a simple case, to producemparable results for different geographical locations, relative

thresholds (e.g., 10thpercentileor a value of 2 standard deviation below normal) from statistical

distribution can be used. A cold wave can be considered to have occurred when thereoare two

more consecutive days on which the maximum and minimum temperature anomalies are
simultaneously lower than the thresholds established by the correspondinget€¢htilesor

wel | bel ow nor mal

(DjuroRadinovili &Ml adj en

Lur

Showcase 2in China, tke thresholds include sharp drop of temperature in 24, 48, 72 hours and
some absolute thresholds for low temperature. For southern and northern regions, the thresholds

are different.

Showcases for drought

Other drought indices

Other indices that onlgonsider precipitation as a variable that were recommended in the

December 2009 expert team meeting in Lincoln, Nebraska, that could also be used to monitor

and/or characterize drought are:
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1. Percent of normal precipitation: this is a simple measure for pigitation. It is
computed by dividing the observed precipitation by they@& average precipitation. The
guotient is then multiplied by 100%.

0 Qi QB 1 anaQ o Qr Qc;a(':)fl‘ r(\)élrLd'CfXﬁ)"Qn "?bd)bl?és
el N 205000 G aoan ab 58 0: ¢
2. Percentile ranking (deciles, terciles, quartiles):is also a simple computation, but

requires a long historical precipitation data record. The percentile ranking is done by simply
sorting the data record from the lowest to the highest value and then ranking each value from
driest (#1) to wettest (# of yeain the record). The numeric rank of each value indicates the
position of the sorted value throughout the historical record.

Examples of classification:

a)
Percentile Classification
Lowest Decile Much below normal
Lowest Tercile Below normal
Middle Tercile Near normal
Upper Tercile Above normal
Upper Decile Much above normal
SourceNOAAG6s NCEI
b)
Decile Classification
Deciles 12: Lowest 20% Much below normal
Deciles 34: Next Lowest 20% Below normal
Deciles 56: Middle 20% Near normal
Deciles 78: Next Highest 20%  Above normal
Deciles 910: Highest 20% Much above normal

Source:National Drought Mitigation Center

Although it has been shown by multiple studies that precipitation is the major variable in
defining and characterizing drought, an index that uses both temperature and precipitation data
can also be useful to characterize drought. This index is the SiarRi&cipitation
Evapotranspiration Index (SPEI), which uses temperature and precipitation data. SPEI is very
similar to the SPI, but also takes into consideration evapotranspiration, which is the combined
processes by which water is transferred from the €& 6 s surface t o t he
evaporation from the land and ocean surfasetby transpiration from vegetation, accordimg t
WMOG s Me tThisis annmportant and useful index because evapotranspiration processes
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could potentially increase the aidrght severity (warmer temperatures tend to increase the
evapotranspiration and thus exacerbating drought conditions).

Gui dance and softwar e

to

comput e

SPEI

wer e

|l nvestigacionesCient2fi cassed af Q! ©)owinga tindk: can

http://sac.csic.es/spei/index.html

A global monitoring map of SPEI is also available on a monthly basis, courtesy of CSIC, at

http://sac.csic.es/spei/map/maps.html

Timescale

All of the indices recommended in thé&iowcase for droughtan be computed on a range of

timescales, from monthly to longer timescales.
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Showcase 1:

Standardized Precipitation Index
One Month
November 2015

200 -9 -159 -129 m 050 051 080
and » [ ®
below 160 -130 -080 081 0% w7

Fig S1.1: Standardized Precihitation Index magor the contiguous U.S.

The U.S. Drought Monitor assesses and communicates the state of drought in the United States
on a weekly basis. It is a synthesis of multiple indices and local impacts to best represent the
current drought conditions.

National Drought Mitigation Center

Valid 8 a.m. EDT

U.S. Drought Monitor I il A
=

Drought Impact Types:
r~ Delineates dominant impacts.
S = Short-Term, typically less than
6 months (e.g. agriculture, grasslands)
L = Long-Term, typically greater than
6 months (e.g. hydrology, ecology)
Intensity:
[ZJ DO Abnormally Dry
[Z] D1 Moderate Drought
8 D2 Severe Drought
M D3 Extreme Drought
I D4 Exceptional Drought

E R

Figure S12: U.S. Drought Monitor Map (Source: drought.gov)

The U.S. drought monitor identifies the intensity using five indicators, drought impacts, and
local reports from expert observers around the country. The table found below shows the ranges
for each mdicator for each dryness level.
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Category Description Possible Impacts Palmer Drought CPC Soil USGS Weekly Standardized Objective Short and
Index Moisture Model Streamflow Precipitation Index Long-term Drought
{Percentiles) {Percentiles) {SP1)

{Percentiles)

Going into drought: shortderm dryness siowing

Apnormall
Do oy ’ -1010-19 2130 2130 05t0-07 2130
Some damage to orops, pastures; streams,
D Moderate Drought SRR e e 2010-29 11-20 11-20 0810-12 11-20
D2 SEED el s T e -3010-39 810 10 -1310-15 810
Drought commeon: water restrictions imposed

Extreme Drought |"'® Shresae | -40to-49 35 35 16t0-1.9

Exceptional
Drought

-2.0orles:

Figure S13: Table shows the ranges for each indicator for each dryness level in the U.S. Drought
Monitor. (Source: drought.gov)

Showcase 2

The Drought monitoring in Montenegro is based on precipitapiercentiles, SPI index in
daily/monthly basis and remote sensing data, i.e. FVC (fraction of vegetation cover) and LAl
(leaf area index) indexes for selected area in Montenegro computed from the LANDSAF data
within DMCSEE (Drought Management Centre for 8@astern Europe).

SPI values are computed separately for 1, 3, 6, 9 and 12 months and 1, 2, 3, 4, 5, 6, 9 and 12 in
days.

SPT Category/Description
0 +2 and more  Extreme flood conditions
16
1.2

+1.5 to +1.99 Severe flood conditions

+1 to +1.49  Moderate flood conditions
0.8
gq 0to+ 099 Precipitation slightly above normal

20 .0.99 to 0 Precipitation slightly below normal

SPI 12_novembar 2011

04
-1 to -1.49 Mo derate drought conditions
Author: 0.4

Vera 1.2

Andrijadevid,2011 16 —
B - 2 orless Extreme drought conditions
2.0

Figure S2.1:National level: SPI 12 shows intensity of hydrological drought in November 2011
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SPI Nov 2011 (12 months)

GPCC final analysis

D extreme drought D severe drought Dn’\oderate drought
SPl<=2 —2<EP =15 —1.5<5P <=1

Figure S2.2: Regional level: SIP2 and precipitation percentiles in November 2011 (Source:

Precipitation percentiles Nov 2011
GPCC final analysis

o mio

15

020 [25

Drought Management Centre for Southeastern Europe (DMCSEE), www.dmcsee.org

tw9a9 2

In order to perform early warning on drought, there are several available options through
national and regional produatgchange that are used:

1 National weather forecast of precipitation 3 days in advance

1 Regional products through SEEVCCC (Southeastern Europe Virtual Climate Change
Centre in Belgrade, Republic of Serbia) and such as SEECOF climate outlook for the
summer ad winter season as well as MEDCOF climate outlook for Mediterranean region

coordinated by Spain.

1 Regional products through DMCSEE such as precipitation and SPI maps for
Southeastern Europe, monthly drought bulletin for SEE region with temperature,
preciptation and SPI overview, FVC and LAl for defined surfaces in Montenegro

E

Showcase 3:

Seasonal weather forecast from Meteo France
Climate watches advisory through the RA VI RCC Network Offenbach Node on Climate
Monitoring (RCGCM) and from RCELRF websites concerningong-Range Forecast.

The Climate Regional Center for Southern South America @SG8) uses five indices for
drought monitoring: Standardized Precipitation
Evaporation Index (SPEI), precipitation decilesitegories of precipitation levels used by

coll aborator s at

Br azi

Index (SPI),

0s

l nsti

tuto

de

Standardized Precipitation

Met e o

normal precipitation. All drought indices are calculated for scales of 1, 2, 3, 6, 9, 12, 18, 24, 36
and 48 months. Vasus visualization displays are produced to facilitate perception of current
drought conditions throughout the countries in the R&3A. Source:http://www.cre

sas.org/es/monitoreo_sequias.php
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—_ - SPEI-3: Salto, UY (86360)

zzzzzzzz = o (a) 2000 [N ] (b)
[ ]
L1 | ]
| —
nnnnn -
2005
1
,,,,,,,,,,,,,,
1 1
||
........... oo — -
@ socvis exiema ) | L -
Sequia seves - --
‘Sequia moderada -
Normal
‘Moderadamente humedo
Severamente himedo

ne

Figure S3.1: (a) SPI for a-Bonth scale as of August 2014. Dots indicate the location of
meteorological stations for which SPI was calculated. The dark brown shade indicates extreme
drought condi t i on s-3valuds)inSaito@ragtiagn &£ach celb repre&emEd
month in the period 2000 through July 2015. Months are shown alongakis and years are
indicated in the yaxis.

Showcase 4:

The assessment of meteorological drought in Indonesia is done by the Agency for Mgteorol
Climatology and Geophysics (BMKG). Sevembducts to monitor drought are Standardized
Precipitation Map, Percewf Normal map, and continuous dry days map. The examples below
show the status for October 20¥#H)enthe2015EI Nifio impacswere aits peakfor the region

The SPI values plotted on the map in S4.1. follows the definition given by McKee (1991). While
for the percent to normal of precipitation, BMKskassifies precipitation values above 115% of

the average to be above normal amecipitation values below 85% of the average to be below
normal. The above normal and below normal classification is further divided into three
subclasses for more detailed classification, as shown by the legend in Figure S4.2 below. The last
map in Figue S4.3 below iproduced by simplgounting the number of continuous dry déys

each monitoring location.
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1-MONTH STANDARDIZED PRECIPITATION INDEX (SPI) INFORMATION/ KETERANGAN : N
OCTOBER 2015
“D&:sml B Province Capitalibukota Propinsi w%g
Province Boundary/Batas Propinsi s
— Extremely Dry Wet 0 250 500 750 1000
_— Sangat Kering - Agak Basah HHE— F—«km
Severly Dry Very Wet |
— Kering Basah
— [ Pk Extremely Wet Sumber Data :
BMKG Agak Kering Sangat Basah 1. Monthly Rainfall Data
THE AGENCY FOR METEOROLOGY CLIMATOLOGY AND GEOPHYSICS x:;:‘f”‘"' 2. BIG Topographical Map, Scale 1 : 250.000

¢tw9a9

841 Figure S4.1SPI for Emonth for October 2015.Colors denotes the classification of the SP| value

842 according to McKee.

843

844  Figure S1.2. Percent to ermal map for October 2019.he map shows the extent of the dry
845 conditiors during the peak of the 2015 Hlifio in the Indonesian area. Note that from East to

846  West spans around 46 degrees, showing the vast regional scale of the drought condition.
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