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aLG A& siblétwgredict oneldrdwo days in advance, within a rather broad range of
probability, what the weather is going to be; it is even thought that it will not be impossible to
Lldzof AAK RIFEAf& FT2NBOFalasz ¢gKAOK ¢2d

- Antoine Lavoisr (17431794),

French Chemist regarded as the father of modern chemistry
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ABSTRACT

ABSTRACT

This master thsis aims to studyhe complex sbject of weatherforecasting undeits direct
(nowcast) form, examining the techniqudbge applications andhe systemsusedfor effective
implementtion. The componendf the future direction of the above issues has been added as well

The sarting point is a brief overview of theeather forecasing history since antiquity the
conceps of nowcasing and shortterm forecasing are analyzed, highlighting main uses and some
essential tools to achieve this aim.

The next two chapters constituthe theoretical core of this work. The natural background of
meteorological processes of the atmosphere is developed, with emphasis on the storms. The
technical part regards the description of the methodologies applied by modeatherforecasting
systems The new approach of analogues is being explaratthe issue of different interpretation
of the new term of heuristics (heuristic) systems by the scientific community is alsiogjscussed.

Onwards applications of modern weather forecasting ameamined. Ways of verification are
mentioned basic feature®f nowcastingproductsare outlinedand a lowercost product without
the use of radar i;vestigated it isan areathat is not highly developetlll today.Active research
fields, such as artifial neural networks, the use of test bedad someapplications of the World
Weather Research Programr@WRPYf the World Meteorological OrganizatigiMO), are also
explicated. The Projects of WMO are benchmarks of rtiegeorological scientific community
because innovation can be immediately implemented by using the available data.

The following are systems obwcasing and shortterm forecasing starting from the first
automated systems of operational form. Their selection was dependent by the diédines the
dominant current trend in developed countries, while it is clear that all existing systems worldwide
are not expressed. Next, the performance of these systems in WWRP established collaborative case
studies called Forecast Demonstration Proj€EBP's) is studied.

In the next thematic area some technological developments and how they can guide the future
nowcasting and shoierm weather forecasting are investigated. Changes in the broadcasting of
information by the meteorological services, rmamedia, the internet and personal media of
information are scrutinized. The new, modern standard of interactidrich is expected to be
formed as society responds to adoption of new methods and a large number of observations is
analyzed. The lack of thesological component is also approached as a significant disadvantage.

This work concludesummarizingthe main conclusions and some proposals for the future
direction of forecasting and pointing out substantially focus points. Towards the glevspectives
a decisive contribution of a number of nowcasting scient§tsglobal context has been made.

_I. DUFKQ] NxepoaAa] nji., |1a300AQ



| NjDDODD 17 &4nUODL]O INOWGASHNG GrdU O S dzNjl ®DL | 1 Nja +:
ivaalios

Ljlj DD

nef drdy @ nfair faeraE s pdumswsmuls rlenBrpfyr m
neér dfsrl fnouvyinis




EXTENDED ABSTRACT

EXTENDED ABSTRACT

Ilntroduction i Thesis Outline

This master thesis aims to study the complex subject of weather forecastoey ite direct
(nowcast) form, examining the techniques, the applications and the systems used for effective
implementation. The component of the future direction of the above issues has been added as well.

The thesis is organized in eight sections.

Chaper 1:Abrief overview of theweatherforecastng history since antiquity, the concepts of
nowcastng and shortterm forecasing are analyzed, highlighting main uses and some essential
tools to achieve this aim.

Chapter 2: Analysis of certain issues of @oeblogical processes in the atmosphewhich
constitute the theoreticaphysicabackground of the process of forecasts.

Chapter 3: An approach of the theoretical background of the techniques used by nowcasting
systems.

Chapter 4: Applications of modermwcasting. Analysis of é¢hevaluation process, description
of key features of the produst exploring the use of lessxpensivedata, the artificial neural
network approach, as well gsroducing areport of research areaand active research projects of
the World Weather Research Programme (WWRP).

Chapter 5: Description of nowcasting systems whose selection had a criterion of reprgse
the main trend inshort-term precipitation prediction, by the first automated steps operational
form till today.

Chapter 6: Collaborative case studies of nowcasting systems, especially as Forecast
Demonstration Projects (FDP's)tbé WWRP.

Chapter 7Advancement prospects of nowcasting in terms of technological developments and
the response ofhe society to a new, miern model of interaction.

Chapter 8: Main conclusions of the work, formulation of proposals relating to future forecasts
and important focal pointsvith the key contribution to the aboveperspectives ofnumerous
nowcastingscientistsof a globalcontext.

I NowcastingDefinition

The following definition provided by ConwalQ08) Yhowddsting is forecasting with local
detail, by any method, over a period from the present to a few hours ahead; this includes a detailed
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technique in which the current motion of rainfall, clouds, fog and other meteorological features is
extrapolated into the future based on aent and recent weather radar or satellite observations,

in some cases guided by the outputs from models and observations from other sources (e.qg.
lightning detection systems).
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Figure 1:Qualitative assessment of forecast accuracy as a function of fetrpegiod for

It can be seern Figure 1 thamere extrapolation of the present weather state cannot cope
with quickly changing weatheystems, especially at small scale, therefore nowcast accuracy drops
rapidly already within the first hour. Recall that thunderstorms, e.g., have a typical lifetime of only
about 30 min. Explicit storm models, i.e., Numerical Weather Prediction (NWP)lsngitle high
grid resolution of about 1 km or less, together with data assimilation on the mesoscale have
successfully demonstrated that they are able to simulate the evolution of storms. These models can
augment the accuracy especially beyond 1 h foretiast and fill the gap between extrapolation
and large scale models. For the immediate time up to about 60 min, extrapolation techniques are
more useful since output from explicit storm models is delayed due to the time needed for data
processing, assimiian and forecasting.

I Theoretical Review

I Meteorologicalbackground

Atmospheric processes are the natural background of weather forecasts. Starting from the
air coolingand the creation of cloudafter the condensation of water vapor by the process of
nucleation. The clouds depending on thehysical formation process are divided into synoptic
disturbance, updraft, orographic and frontgf h ¢ = ~ 1 * Shha{Ab" b SAY 1 <7004
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r~ . _ 7 420024 m's  >h 2003 Clouds can be distincted in high, n@dd low level

classes.

Abou air massesthe term denotes an oversized air body showing horizontal homogeneity,
particular in respect of temperature and humidity. A "surface discontinuity" which called frontal
surface formed when two air masses with differégtnperature and humidit characteristics come
in contactby motion. The intersection of a froat surface with a horizontal plane is a line called
front. Thefrontal surfacesand the fronts may be consideredloundary layerghat separate air
masses of different densitfy h ¢~ ~ 1 ‘Chhw A b SAT 1 <Q004). There are four types of
fronts; cold front, warm front, stationary front, and occluded front. Cold front is a front in which
cold air is replacing warm air at the surface. Wéromt is a front in which warm air replaces cooler
air at the surface. Stationary front is a front that does not move or barely moves. Because cold
fronts move faster than warm fronts, they can catch up to and overtake their related warm front.
When they @, an occluded front is formed. Occluded fronts are indicative of mature storm systems

(i.e., those about to dissipaté).

About thunderstormsby definition, a thunderstorm is a local storm, invariably produced by a
cumulonimbus cloud, that always is acquemied by lightning and thunder. It usually contains
strong gusts of wind, heavy rain, and sometimes hail. Meteorologists often use the word
"convection" to describe such storms in a general manner, though the term convection specifically
refers to the moton of a fluid resulting in the transport and mixing of properties of the fldid.be
more precise, a convective cloud is one which owes its vertical development, and possibly its origin,
to convection (upward air currents). They can be classified irobtiee above categoriés

i) Singlecell or airmass storm typically last 280 minutes. Pulse storms can produce
severe weather elements such as downbursts, hail, some heavy rainfall and
occasionally weak tornadoes.

i) Multicell clusterstorm is a group ofalls moving as a single unit, with each cell in a
different stage of the thunderstorm life cycle. Multicell storms can produce moderate
size hail, flash floods and weak tornadoes.

iii) Multicell Line gquall ling storms consist of a line of storms with a donbus, well
developed gust front at the leading edge of the line. Also known as squall lines, these
storms can produce small to moderate size hail, occasional flash floods and weak

tornadoes.

iv) Supercellsare defined asthunderstorns with a rotating updraft these storms can
produce strong downbursts, large hail, occasional flash floods and weak to violent
tornadoes.

¢KSNBE FINB GKNBS LKIFIasSa Ay | GKdzyRSNBRG2NNYQA

stage, and the dissipation stage (Fig. 2). &ifprocesses of development and decay occur during
these stages, all of which are important in determining how the storm evolves, and how strong it

L (url).
2 (url).
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becomes. The first stage in thunderstorm development is the cumulus cloutlynoulus stage
Although mostcumulus clouds do not become thunderstorms, the initial stage of a thunderstorm

is always a cumulus cloud. The chief distinguishing feature of this cumulus or building stage is an
updraft, which prevails throughout the entire cell. In the cumulus stage ugpdraft develops and
precipitation is produced in the upper portions of the storm. As the precipitation begins to fall out
of the storm, a downdraft is initiated. The second stage in thunderstorm development is known is
the mature stage The beginning afurface rain, with adjacent updrafts and downdrafts, initiates

the beginning of this stage. By this time, the top of the average thunderstorm cloud, or cell has
attained a height of 25000 feet or more. As the raindrops begin to fall, the frictional @tageén

the raindrops and the surrounding air causes the air to begin a downward motion. As this air
continues to sink downward, the rate of motion is accelerated, resulting in ecoailed downdratft.

At this stage, the cloud takes on the classic towexagliflower appearance with sharp, well
defined edges. Again, the mature stage is characterized by-existence of an updraft and a
downdraft in the storm. When the downdraft and radooled air reach the ground, the ratooled

air spreads out along thground and forms the gust front. Eventually, a large amount of
precipitation is produced and the storm becomes dominated by the downdraft. At the ground, the
Jdzad FNRYyG Y20Sa 2dzi | f2y3 RAaldlyOS FNRY (KS aid
begins thedissipating stageof the thunderstorm. This stage usually occurs rather quickly,
approximately 2680 minutes into the life of the thunderstorm. The downdraft will push down out
of the thunderstorm, hit the ground and spread out. The cool airied to the ground by the
downdraft cuts off the inflow of the thunderstorm, the updraft disappears and the thunderstorm
will begin to dissipaté

1 5; (@) Cumulus stage (b) Mature stage (c) Dissipating stage
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Figure 2 Stages in the Development of a Thunderstorm. During the cumulus stage, strong

updrafts act to bild the storm. The mature stage is marked by heavy precipitation and cool
downdrafts in part of the storm. When the warm updrafts disappear completely, precipitation
becomes light and the cloud begins to evaporate)(
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I Technicalbackgroundi Nowcasting principles

Some of the techniques used in Nowcasting or Quantitative Precipitation Forecasting (QPF),
are theLagrangian persistencarea ad cell tracking, spectral algorithms, conceptual models, NWP
and expert/heuristic systems.

Lagrangian persistence ida@ecast in which the precipitation field is advected by a velocity
field (vector field), leavig the total intensity unchanged
QY

o P

with R(X, y) the rain rate at point x(x, y). In this equation, dR/dt is seen in the coordinates of
the flowing data (Lagrangian framework). Eq. (1) can be further wriittéhe rigid (image)

coordinates as

oY Y T o

with v = (u, v) the velocity field. In this equation, the rain rate field R is known from the radar
scan, and the velocity field v has to be determined. In computer science, Eq. (2) is often referred to
as the optical floWfOF) equation, or simply optical flow. Optical flow is defined as the determination
of apparent movement by the analysis of subsequent (discrete) observations. Although the
construction of a velocity fielor (u, v) through OF (Eq. (2) and an additional st@int) is
mathematically well funded, it often leads to very noisy or erroneous velocity fields. Therefore,
frequently used and are extensively described in the literature: area tracking methods and cell or
centroidextrapolationtracking methods.

Area trackinglivides a rain rate image into a grid of boxes, and for each box, a corresponding
box (in the sense of a maximum celation) is searched in the next image. The collection of vectors
realizing the translation between the corresponding boxes, forms the velocity field.

In cell trackingor centroid tracking, the evolution of discrete objects on consecutive radar
images idollowed. Every cell tracking algorithm has essentially two parts, a detection algorithm
and a matching algorithm. Intense convective cells exhibit often a dynamic behavior that is very
different from the larger enveloping rain area. Cleathi) trackings expected to perform better in
convective situations

Spectral algorithmprovide an approach that relies on the observation that the smallest scales
in a rain rate image are usually the least predictable, since their typical lifetimes are much shorter
than the lifetimes of the larger structures. In a spectral algorithm, a reflectivity image of dimension
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of the decomposition, so that
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with dBZ; (t) the reflectivity in dB at pix€l, j)at timet.

Using conceptual models, one can skip intensive numerical calculations and dhus g

Numerical Weather Predictionmodels are physicallpased models which solve
approximations to the mass, momentum and energy conservation equations for thesptrare,
taking account of water, momentum and heat transfer at the lsondface and, in many cases, the
physical processes relevanta certain weather phenomenon are taken into account. These include
turbulent mixing within the boundary layer, cloud and precipitation processes, radiation and

combine one of the abovementioned techniques with other data, conceptual models and/or explicit
solutions of numerical equations. The main goéltleese additions on top of the techniques
presented above, is the ability to predict storm initiation or dedaifferencesn the definition of
expert and heuristic &re noticed Dr. P. Joe (Acting Research Manager & Research Scientist,
Environment Cana 2014,priv. comm), noted that after a workshop a few years ago called
A1 SAdZNRAaGAO b2¢O0l aGAy3IéE GKS A0ASYUAFAO O2YYdzyAaide
J. W. Wilson (Senior Scientist, Research Applications Laboratory, Hydrometeat@dpgiacations
Program, University Corporation for Atmospheric Research, 3@iv4,comm) explains thathere

is no formal definition about what constitutes an expert/heuristic nowcasting sydemert and
heuristic nowcast systems are the same. Heigrimeans based on expert generated rules. So the
two are used interchangeably.

I Nowcasting Applications and Research

I Lessexpensivenowcastingapplications

While reliable weather radars and expertise play a central role in the warning process, this is
still a challenge for many countries. Satellite and lightning systems are now available that have
minimal support requirements. Staralone applications for severe weather can and are being
developed for these system. In the absence of radars, they wallige benefits butheir efficacy,
the forecast process and the service level for severe weather warnings need to be demanstrated
They should also enhance existing systems thbt on weather radar network&lnderstanding the
technology, interpretation bthe data and the products will require more development, enhanced
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nNoér of sl fnuinie

Pl



EXTENDED ABSTRACT

J. W. Wilson (Senior Scientist, Research Applications Laboratory, Hydrometeorological
Applications Program, University Corporation for Atmospheric Research, Pp0it4,comm)
mentions thatlf there are availablsatellite and typical synoptic observations and Numerical model
forecaststhere issome skill for the larger scale synopticteyss but little skill for convective storm
events.Radar dataavailabilityincreaseshe skillon allscaleslIf there is only satellite data available
there are major problems with convective storm nowcasting when there is upper cloud cover, which
is common. Ifa good lightning detection network is only availatdetrapolating thunderstorms can
be made with good results

I World Weather Research Programme (WWRP)

WWRPaims to advanceociety's ability to cope with high impact weather through research
focused on improving the accuracy, lead time and utilization of weather prediction. The WWRP
Ay Of dzRSa 62NJ Ay 3 3 NhadbselindysedSRedearcd and Piedbdity I y R
Experiment (THORPEXdgram Some highlights which exploréa the current master thesisre:

w  Sydney 2000 Olympic Games Forecast Demonstration Project (FDP), and
w Beijing 2008 Forecast Demonstration Project (BO8FDP)

Others include SNOW V10 (Science of Nowcasting Olympic Weather for Vancouver 2010),
International field campaigg for tropical cyclones and targeting, SIW8S (Sand and Dust Storm
Warning Advisory and Assessment System), establishment of three monsoon data cehi8#,

Japan, Chinaetc

The WWRP has established new organizational structures and has promaiateacto
support WMO Strategic thrust by establishing the WWRP Societal and Economic Research and
Applications (SERA) Working Group to advance the science of the social and economic application
of weatherrelated information and services in collaboratiwith International Council for Science
(ICSV) Integrated Research on Disaster Risk (IRDR) Institute and by participating in the Executive
Council Research Task Team(EC¢ 0 NI LIZCNdlienggs/andioiprtusities in research to
enable improved prodtis and new services in climate, weather, water and environh{&ntinet,

displacement vectors by using either a correlation or minimizatiohrépe; b move individual
echoes by tracking either the centers of area or masstracking the individual echoes by
considering the entire echo complex and some measurements relatedetondividual echoes.
After that,some indicative systems will be mentioned in this section
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l Auto-Nowcaser (ANC), (2000, USA

The AuteNowcast System (Autbowcaster) is a software knowledgpased expert system
developed by National Center for AtmospleeResearch (NCAR) that produces timed space
specific, routine (every 5 min) shetrm (0¢1 h) nowcasts of storm location. A main component of
ANC is itsbility to identify and characterize boundary layer convergence.|liBeandary layer
information is used along with storm and cloud characteristics to augment extrapolation with
nowcasts of storm initiation, growth, and dissipation. A fuzzy logic routine is used to combine
predictor fields that are based on observations (radar, satellite, soundiagonet, and profiler), a
numerical boundary layer model and its adjoint, forecaster input, and feature detection algorithms
(Fig. 3) Statistical verification showed th&NC was able to routinely improve over extrapolation

l STEPS (2006),GB, Australia

ShortTerm Ensemble Prediction System (STEPS) is a probabilistic (stochastic) poecipitati
nowcasting scheme which merges extrapolation nowcasts with downscaled NWP forecasts. It is
of uncertainty which affect theawcasting, modelling these as uncertainty in the advection velocity
used in the forecast and uncertainty in the evolution of the precipitation pattern. The advection
uncertainty is modelled by a random field of velocities which is correlated in spacendéeainty
hierarchy of seconarder autoregressive AR models on the levels in the cascade allows noise to
be introduced mostuickly at the smallest scales. An ensemble of forecasts is produced allowing
the forecasts to be used by a number of other applications such as hydrological modelling. This
scheme produces reliable forecasts of the probability of precipitation at leaabstof up to 6 hours,
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| NORA, (2011) Switzerland

Nowcasting of Orographic Rainfall by means of Analogues (NORA)aisalmguebased
heuristic tool for nowcasting orographic precipitation61 developed by MeteoSwiss. The system was
developed for the Lago Maggiore region, which is located in the southern part of the European Alps
between Italy and Switzerland (Swiss Alg$le system takes advantage of the orographic forcing
to produce veryshortterm precipitation forecasts. NORA produces both deterministic and
probabilistic forecasts of precipitation which are based on the rainfall fields observed in the past
after the andogues. The skill of NORA in other regions can vary depending on the efficiency of the
orographic forcing itself, which ultimately depends on the shape of the orography and on the

month FDP for evaluating the performance of sogtate-of-the-art nowcasting systems, which

extrapolated storms using a variety of methods, including cell and area tracking, model winds, and

sounding windsSgnificant improvement in forecast accuracy was obtained for several of these

cases when the lotians of boundary layer convergence lines (sea breeze and gust fronts) were used

in the nowcastsBecause higimpact events often have motions different than surrounding storms

cell trackers are likely to have a slight advantage over area trackers && thents. Thaccuracy

2F y2p0tada S@Sy T2NJ LISING B Recausk of dnaccuMadieg in xchd  1j dzA G S
extrapolations and even more so because of storm initiation growth, and dissipation.

I Evolution of Communication, Modeling and Observations used in Nowcastg

Recently, a confluence of technical developments has set the stage for a major jump in
nowcasting capabilities and the ability to apply those advances to important societal needs. New
communications technologies, including broadband Internet, wirelessinounication, and
smartphones, has made the distribution and application of-teaé weather information possible
at nearly any location. Exponential increases in surface, aircraft, and remote sensing data now
provide a reatime description of atmospheri conditions from the global to regional scales.
Advances in modeling and data assimilation, such as the ensemble Kalman filter (EnKF) technique,
offer the potential to more effectively apply observations and to produce-héglolution analyses
and forecats. Finally, improvements in communication, computation, and control have provided
society with the ability to effectively use nowcasting information for the protection of life and
property, as well as to facilitate commerce and recreation.

The challenge uting the next decade will be to combine the rapidly developing technologies
of highresolution weather prediction and communication to create an effective nowcasting
infrastructure. The potential of this integration of data availability, numerical wegpihediction,
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and communication is enormous and could lead to the development of new westltaed
businesses and applications.

I Conclusions

I Cell and areatrackers

The varietyof the systems currently available is very large. Nevertheless, two different
strategies prevail: systems based on cell tracking and systems based on area tracking. The former
strategy treats precipitating cells as individual entities, and concentrates on the development and
displacement of these entities to make a prediction of theure situation. In the latter strategy,
area tracking, a rain rate image is divided in a grid of boxes, and for each box, a corresponding box
is searched in the next image. In such way, a velocity field can be constructed that is used to predict
the future situation. Cell tracking systems are principally designed to locate severe weather objects
(mostly convective) and to give qualitative severe weather warnings. This is a different goal th
using the gridded fields of area trackers. On the other haellifracking systems are generally not
designed (and thus not useful) for stratiform precipitatidnea trackers are clearly superior in this
task. Therefore, the performance of a system should always be tested in situations for which it is

I Classification of the systems based on features and efficacy in case studies

From Table 1t can besummarizel that:

w Nowcasting systemsin the period of ther first automated operational

the advantageanalyzed in the previous section, the tracing of cells was the dominant
philosophy of the systems which followethe approach of dual detectioftellsand
particularly effective Cell trackingdecreasedisplacementerrors of rapidly moving
echees (intense convective activity) anatea tracking serves icases of stratiform
precipitation.

w Most of the systems follow a deterministic approach to forecastirgyveverin
recent years probabilistic schemamnstitute the dominant choice
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Table 1 Classification of nowcasting systemBy (chronological ordg regarding the
methodology, the data, the type and the approach followed.

Methodology Data Type Approach
Q
3 3 g
IS gs § g o
System E= .§ > sl S| el 3 £
| sl S 3| & 815 8l g 5|52l ele g
2 32| 5 =5 . S 2 o o8 5|8 5|2|2|ElelF
s 2| Sl 5| E| =] | =2 ol ¢l Bl El =l =| Bl 4| E| | =] 2] &
Sl s| 8 55 5|8l s|ele|c| Sl &S 28l aSl RS
3286 888 & 2582338385888 & 237 ¢
SHARP ‘
TREC/[ & \
FRONIERS . ‘
RAINSAT .
NIMROD
manof el | [ T T ] ] ]
ITWS ]
GANDOLF
WDSS
SWIRLS
ANC
WDSSI
CARDS
TIFS
SPROG
MAPLE
STEPS
SWIRLSE .
THESPA
NORA ..
COALITION
NOWTELL .
cASTY D I N e

* [: The system supports other systeiftschnique, E The system is in an experimental stage

I:l Data usage for calibration / verification |:| Useis being e&plored

The advantages and disadvantages of Table 2 were derivedhaft@erall investigation of the
characteristics of the systems, the results in case studies -atwl those applicable their
performancein the first two Nowcasting Demonstration Projeit the Summer Olympic Games of
2000 and 200&s applications ahe WWRP.
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Table2: Classificatin of nowcastingsystems by chronological order) regardinp the
primary purpose and forecast ranges well asdvantages andisadvantages

System Initial . — Forecast )
Main Objective . Advantages Disadvantages
(Country) Reference ) Range(min) 9 9
SHARP | Bellonand
: Rainfall 180 Low CSkcores at high rainfall rates
(Canady | Austin, 1978 9
Advantages and
TREC(] Rinehart and disadvantages adrea Very sensitive to ground clutter
Thunderstorms G . .
(USA) Garvey 1978 trackingtechniques
(mentioned in the previous section)
FRONTIER! Mesoscale
Collier,1981 ) 360
[(C1= T Rainfall
RAINSAT | Austin and : Lowcost Surface datanot
Rainfall 360 .
(Canada | Bellon,1982 required regularly
Coarseaesolution High
displacement errorén rapidly
NIMROD Collier 1991 Shortperiod rain 300 Suitable tostratiform rain moving echoesUnder-estimates
(GB e forecass frontal systems peak convective rain ratekosses
of spatial performance wit
decreasing suicatchment size
Dixonand Advantages and disadvantages of area tracking techniques
TITAN{J] Wiener Thunderstorms 60 Low displacemengrrors in (mer-ltloned in the previous
USA) | 1903 rapidlymoving echoes section)
ITWS Wolfsonet Aviation
(USA al, 1994
Not auitable to casesf organized
convection(e.g. fronts, rain bands.
Unrealistic dissipation
characteristisand gynchronized
: ulsing of convective precipitation
Convective cells, Eeldsrga occur Lossez of sp atial
GANDOLF| Pierceet al, rain Suitable to cases oftense v . . .
. 180 . o performance with decresing sub
(GB 2000 nowcasting convectiveprecipitation . .
catchment sizeUnable to predict
Hydrology .
the development of convection
from clear air, except in conditions
where there is significant
convergence in the lower
troposphere
Very goodestimationof
WDSS | Eiltset al., convectioncell locatiors. Low | / I Yy Qi LINB RA O (iHighlJ
Severe weather 120
(usa 1996 track errors for the most errors for weak cells
intense cells
Difficulties incombining TREC
: . vectors across differenteather
SWIRLS Realtime adjustment of the situationsor spatial scales for echo
(Hong Lietal., 2000 HeavyRainfall 180 Z-R relation Includesan area P .
Kong and a cell tracker movement extrapolationAbsence
of wind fields andground clutter
problemsabove 1 km
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ANC
(Usa

wDSSI
(usa

CARDS
(Canada

TIFS
(Australig

SPROG
(Australig

MAPLE
(Canada

EXTENDED ABSTRACT

Ability to identify and
characterize boundary layer
convergence linedncrease of
accuracy bynanually
inputting the position of

Gomplexity. Boundary detection
algorithmneeds trainingMany
different forms of data inputThe
configurationof weightfor data of
different temporal and spatial
scaleds a omplex issue
Forecasterole of isimportant.

Muelleret al. i . . .
2000 Thunderstorms 60 bf)undanes Low o Errorsin: clouds not moving with
"""" displacemenerrors inrapidly | he steeringlevel windssevere
moving echoesincludes an | gyqrmg becoming right movers or
area and a cell tracker developing a bowboundaries
Probably the most successful sijling or aceleratingandinitial
systemin severe weather storm motions being tied to a
forcing feature such as terrain or
boundaries
Automatedalgorithms :
operate ofn dgta from Scarcely documented ithe
P . . literature. Changngthe range
Lakshmanan, Severe weather multiple sourcegproviding . .
. . . L of reflectivityto defineclusters
2002 warnings information with high .
. can produce a wide range of
temporal resolution and realizations
spatial coverage
Very good temporal and
intensity performance of .
Joeet al., ) VP Scarcely documented in
Severe weather 20 episodes of severe storms .
2002 . the literature
and heavy rainfall.
Gomputationallycheap
Interactive Better warnings in relation to .
e . Scarcely documented in
Bally,2004 modilkcation of 60 raw forecasting systems .
the literature
cell forecasts products
High disphcement errors imapidly
moving echoedless successful in
situations in which large severe
storms move with a velocity that is
Rainfall significantly different from the
. . mean field advectionUnder
Seed2003 nowcasting. 60 GComputationallycheap . . o
Hvdrolo estimates peak raiineflectivity
4 a9y rates Assumption that rain rags
are lognormally distributed Not
suitable for fronts anextreme
events Use of a single advection
vector over the entire field
Gontinentalscaleprediction
Coarseaesolution Lack of
predictability of small scales
associated with higher intensities
Turneret al, Rainfall 480 Useof forecast filters The total area for which
2004 provides fetter results precipitation is predicted increases

with increasing forecast lead time
Data andparameters are nb
optimized for very short term
forecast Low efficency compared
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to other systems athe Beijing
Demonstration Project

One of the most advanced

Assumption that rain rates are log

Seedet al., Rainfall . . _ .
360 QPF systemslighly effective | normally distributed. Not suitable
2005 Hydrology . .
in weak rainfall for fronts and extreme evds.
Produces embinednowcass
Yeunget al., 360, of thunderstormsgust fronts | Scarcely documented in
Severe weather . . . . . -
2009 540 NWP) | hailandlightning Includesan | the literature in terms of efficiency
area and a cell tracker
Computationallycheap
Accepts other systems outpu| Assumptiorthat the standard
Danceet al as input Favorable deviation of errors in speed and
2010 A Thunderstorms 60 performance was shown direction of motionare roughly
"""" when the algorithm constant over the lifetime of the
parameters determined usg | storms
data of different areas
Requiresa significant historical
o recordin order to record extreme
The observegrecipitation -
. . ) . eventsandtraining for each
Panzieraet Orographic fields have by construction . L
. 60 - L . location Assumes historical record
al., 2011 preciptation realistic statistical spacgime ) .
roperties with tempord and spatial
prop resolutionthat will record the
phenomena
- . . Many different forms of data input
Nisiet al., SQuitable for short time y P
Thunderstorms 60 . Cannot be used for lonterm
2012 nowcastg5to 20 min.) .
forecasting
Using different sets of
heuristic logic for different
weather regimesAbility to
Wilson and identify and characterize Many different forms of data input
boundary layer convergence | Smilar difficultiesare expectedas
Roberts, Thunderstorms 60 . .
2013 lines. Incrase of accuracy by| those of the system which is a
““““ manually inputting the revised versiofANQ
position of boundaries.ow
displacement errors in fast
moving echoes.
Siliset al Examines numerous
2013 N Thunderstorms 30 approachef construction Many different forms of data input

and data analysis

I Precipitation and thunderstorm nowcasting

Thunderstormsnowcasting refers tsevere veather warnings for heavy rain, strong winds,
lightning and hai & G I { S
precipitation occurrence and intensity correct and so even light precipitation is a concern. In fact,

I OO0 A 2 yPregigitatién ndwicastyids fgcased o getting the

systemdike STEPS, MARtdnsiderthunderstorms as high frequency noise that they filter out and

replace in a stochastic fashion in the case of STEPS and totally in the case of MAPLE to just nowcast

the large scalesMAPLE is more aimed at very short term forggay (6 hours)@r. P. Joe, Acting

Research Manager & Research Scientist, Environment Canadap@@l1domm).
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I Statistical approachi Verification i Artificial Intelligence

events and assessing the usefulness of nowcasting guidance information to forecasters. For
example if a squall line were approaching theea of interestand dissipated just before reaching

it and the nowcating system did not even nowcast that a squall line would occur, this would be
considered a failure of the systetfithe forecasting system does not capture the general character
and distribution of the present precipitation pattern, the forecastermwatlhave confidence in the

statistical analysis often obscure or dilute the actuaduaacy ér the highimpact rare events

As toDr. P. Joe (Acting Research Manager & Research Scientist, Environment Canada, 2014,
that they are (i) statistical in nature and (ii) empirical. For the types of decisions made with
nowecasts, statistics do not apply to individual thunderstorms and to first order statighichaim
to get the mean correctSevere weather developingofn thunderstorms (strong winds including
G2NYIFR2Sa IyR R2¢gyodzNAGAaYE KSI @& NI AYhetabsIKGiy Ay 3 |
of the distribution Statistical techniques need an underlying dataset that is robust, stable and large
Such a dataet is unavailable it takes a long time decades. Alsohe data hado capture the
phenomena.Hourly observations will often miss the downburst which starts and ends within an
hour. The observations are space like 40km apart and the phenomena isnlskra and stypical
observation systemsf most met services which are designed to observe the synoptic scale (i.e. for
2NBEOlFada 2F U02Y2NMBTRasecorts IssiKSMOWS St YSYaRAya Aa aC
Statistical techniques aim tovaluate the mean properly. A needed but not sufficient condition of
empirical nowcast systemd. dan be cynically saithat optimizing for statistical skill scores (CSI,
HSS, etg balancing hits vs misses and evaluating against something like persistéinegology,
etc)islikeaimingfdry a. ¢ Ay &a0K22f 2NJ YSRA2ONR (& o

I Suggestions

I A holistic approach

The sequenceof action according tdr. P. Joe (Acting Research Manager & Research
Scientist, Environment Canada, 20@4y. comm) should be understaah (i) the weather, (ii) the
observations, (iii) the presentation of the information, (iv) the end user need.

So, the goal is how to make the most out of expertise, knowledge and encapsulate it in a
systemc that system will have humans and machines.

I Probalilistic forecasts- Uncertainty

Meteorological Institute of Belgium, Observations Dept., 2Qit4,. comm), further development
should concentrate on the prediction of the accuracy instead of on the prediction. itself
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Quantification of the uncertainty, involves an ensemble strategy. The challenge is to get the right
dispersion on the ensemble. And even one step furtherquantify the dspersion uncertainty.
techniques to convey the uncertainty in the current forecast to the users. Further research on
quantifying forecast errors and understanding how they depend on location and meteorological
situation is required before it is possible to demonstrate that the spread in a nowcast ensemble
fully represents the uncertainty. There is also a need to develop prigtEbnowcasting systems

that do not only forecast rainfall, but are used to forecast-@sér impacts, for example the traffic
capacity of an aicorridor, or the water level in a river.

I Other pointsof interest

w Substantial improvements will depend omderstanding the roles of inadequately
observed phenomena such as gravity waves, local variations in kinematic and

w According to L. Nisi (Saitdl Meteorologist, MeteoSwiss, Radar, Satellite, Nowcasting
division, 2014priv. comm), nowcasting systems should be able to take the best available
observations (e.g. from different sources, sensors) and merge them in order to provide the
best possibleshort range forecast. High temporal and spatial resolutions are very
important for critical decisions (for example: a thunderstorm is approaching the airport.
Should the airport be closed? When, for how long?).

w In the future, one can envision very specifi@rnings or nowcasts issued at lower
thresholds that may affect specific users requiring tailored communication techniques and

w The importance of the way to communicate risks to @rsgrswasemphasizedy Dr. M.
Reyniers(Royal Meteorological Institute of Belgium, Observations Dept., 2pti,
comm). This aspect has been neglected too long by scientists working in this field
Nowcasting scientist should therefore communicate with e.g. sociologists. Such a project is

to use the information by the endser, which is often the public. The public may not know
how to react. Given the "cry wolf" syndrontbere needso be an education process
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ABI

ACARS

ADDS

ANN

AMDAR

ASR

ATReC

AWC

AWOS/ASOS

BOSFDP

BJANC

BMB

BRINGO

CAMS

CaPE

CAPE

CAPPI

CARDS

CASCADE

Cll

CIN

CINDE

CMA

COPS

COSMIC

CRA

Advanced Baseline Imager

Aircraft Communications Addressing and Reporting System
Aviation Digital Data Service

Artificial Neural Networks

Aircraft Meteorological Data Relay

Airport Surveillance Radar

Atlantic THORPEX Regional Campaign

Aviation Weather Center

Automated Weather and Surface Observing Systems
Beijing 2008 Forecast Demonstration Project

Beijing AuteNowcaster

Beijing Meteorological Bureau

Buoyancysuppated Rimed Ice Nugget and Graupel Overhang
Chinese Academy of Meteorological Sciences

Convection and Precipitation/Electrification experiment
Convective Available Potential Energy

Constant Altitude Plan Position Indicator

CAnadan Radar Decision Support

Catchment Assessment System Concerned with the Adequate
Dissemination of Effective flood warnings

Combined Instability Index

Convective Inhibition

Convection Initiation and Downburst Experiment
China Meeorological Administration

Convective and Orographicalhyduced Precipitation Study

Constellation Observing System for Meteorology, lonosphere and Climate

Contiguous Rain Area
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CSl
CSIP

DELITE

DIAL

DRW
ECMWF
ECRTT
EnKF
EUMETCAL
FAA

FDP

FEMA

FRONTIERS

FRO%2014
FSL

GANDOLF

GIFS
GLM
GOER
GPM

GRAPE&SWIFT

HWT

iCAST

ICSU

INOWCASRNG) Brp U Oo dzNjl &DL | T Nja +D:

Critical Success Index
Convective Storm Initiation Project

Detection of cloud Electrification and Lightningsed on Isothermal
Thunderstorm Echoes

Differential Absorption Lidar

Doppler radial wind

European Center for Medium range Weather Forecasting
Executive Council Research Task Team

Ensemble Kalman Filter

European Meteortogical Computer Assisted Learning
Federal Aviation Administration

Forecast Demonstration Project

Federal Emergency Management Agency

Forecasting Rain Optimized using New Techniques of Interactively
Enhanced Radar and Satellite

Forecasting and Research: the Olympic Sochi Tes®@th
Forecast Systems Laboratory

Generating Advanced Nowcasts for Deployment in Operational Land
Surface Flood Forecast

Global Interactive Forecast System

Geostationary Lighing Mapper

Geostationary Operational Environmental Satellite
Global Precipitation Measurement

Global ¢ Regional Assimilation Prediction SystemSevere Weather
Integrated Forecasting Tool

Hazardous Weather Testbed

Interactive Convective Analysis and Storm Tracking
International Council for Science

Isolated Event Model

International H20O Project
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INCA

IPY

IRDR

ITWS

LAPS

LFM

LLWAS

MADIS

MAP D

MAPLE

MDCRS

MHEWS

MOS

MOVA

MCS

MSG

NCAR

NDP

NESDIS

NEXRAD

NHM

NNEW

NOAA

NORA

NSSL

NSSL

NWP

Integrated Nowcasting through Comprehensive Analysis
International Polar Year

Integrated Reseah on Disaster Risk

Integrated Terminal Weather System

Local Analysis and Prediction System

Local Forecast Model

Low Level Wind Shear Alert System

Meteorological Assimilation Data Ingest System
Mesoscale Alpine Project Demgtration

McGill Algorithm for Precipitation Nowcasting by Lagrangian
Extrapolation

Meteorological Data Collection and Reporting System
Multi-Hazard Early Warning System

Model Output Statistics

Multi-scale Optical flow by Variahal Analysis

Mesoscale Convective Systems

Meteosat Second Generation

National Center for Atmospheric Research

Nowcasting Demonstration Project

National Environmental Satellite, Data, and Information Service
Next Generation Weather Radar

Non-Hydrostatic Model

Next Generation Network Enabled Weather

National Oceanic and Atmospheric Administration
Nowcasting of Orographic Rainfall by means of Analogues
National Severe Stormsihoratory

National Severe Storms Laboratory

Numerical weather prediction

National Weather Service
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OOM ObjectOriented Model

OwWSsO Olympic Weather Support Office

p.d.f. probability density function

PLAN Personalized Localized Alerting Network

PPI Plan Position Indicator

QPE Quantitative Precipitation Estimation

QPF Quantitative Precipitation Forecast

R&D Research & Development

RAMS Regional Atmospheric Modeling System

RDPs Research Development Projects

RMSE Root Mean Square Errors

SDSNVAS Sand- Dust Storm Warning Advisory Assessment System
SERA Societal and Economic Research and Applications

SEVIRI Spinning Enhanced Visible and Infrared Imager

SHARP Shortterm Automatic Radar Prediction

SNOW V10 Science Nowcasting Olympic Weather for Vancou0&n2
SPIDASS SWIRLS Panel for Integrated Display of Alerts on Severe Storms
SPROG Spectral Prognosis

STEPS -Bbort Ensemble Prediction System

SWIRLS Shortrange Warning of Intense RainstormsLiocalized Systems
T- PARC ¢l hwt9- tIFOAUO ! aAly wSIA2YIf /YLl AIDY
TAMDAR Tropospheric Airborne Meteorological Data Reporting

TDWR Terminal Doppler Weather Radar

THESPA Thunderstorm Environment Strike Probability Algorithm
THORPEX The Observingystem Research and Predict#piExperiment
TIGGE THORPEX Interactive Grand Global Ensemble

TITAN Thunderstorm Identification, Tracking, Analysis and Nowcasting
TRMM Tropical Rainfall Measuring Mission
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UAV Unmanned Aerial Vehicle

VDRAS Variational Doppler Radar Assimilation System

VET Variational echo tracking

VIL Vertically Integrated Liquid

WCRP (World Climate Research Programme

WDSS Warning Decision Support System

WDSS JoTer Ty v e 0t > hWwarhingDecision” v BT
SupportSystem

WwDSSI Warning Decision Support Systerintegrated Information

WGNE Working Group on Numerical Experimentation

WMO World Meteorological Organization

WoF Warn-on-Forecast

WRF/RUC Rapid Update Cycle Weather Research and Forecasting

WSDOT Washington State Department of Transportation

WSR88D Winter Storms Reconnaissancg8 Doppler

WWRP World Weather Research Programme

YOTC Year of Tropical Convection
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http://meetingorganizer.copernicus.org/EGU2013/session/12396
http://www.hep.upatras.gr/class/download/geo_sim_til/Numerical_models_for%20weather_prediction.pdf
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http://en.wikipedia.org/wiki/Radiosonde
http://en.wikipedia.org/wiki/Wind_profiler
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http://en.wikipedia.org/wiki/Mesonet
http://www.weatheronline.gr/reports/wxfacts/CAPE---Convective-Available-Potential-Energy.htm
http://forecast.weather.gov/glossary.php?word=cape
http://forecast.weather.gov/glossary.php?word=helicity
http://forecast.weather.gov/glossary.php?word=lifted+index
http://forecast.weather.gov/glossary.php?word=mixing+ratio
http://en.wikipedia.org/wiki/Diabatic
http://en.wikipedia.org/wiki/Potential_vorticity
http://forecast.weather.gov/glossary.php?word=cyclogenesis+
http://forecast.weather.gov/glossary.php?word=polar+front+
http://forecast.weather.gov/glossary.php?word=jet+streak
http://www.physics.byu.edu/faculty/christensen/physics%20137/Figures/Precipitation/Collision-Coalescence%20Process.htm
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http://eesc.columbia.edu/courses/ees/climate/lectures/atm_phys.html
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SEVERE THUNDERSTORM WARNING
TOP FRIORITY FOR IMMEADIATE BROADCAST

Issued at 3:53 PM Friday 03 Nov 2000

This YWaming affects Peopie in the Sydney Metropolitan area

This Waming also affects People in the following Local Oovermment Areas:
Wollondilly, Hawke sbury and Gosford

This warning is current from 3:53 PM untll 453 PM.

Savere storms have already affecled Nowra, Campbeiitown, Menangle, Glenfleld, Holsworthy, Bankstown,
|Liverpool, Padstow, Regents Park and Guildfordin the fast 50 minutes.

Severe storms ara forecast fo affec! Olympic Park, Parramatia, Ryde, Toongabbie, Baulkham Hills and Pennant
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