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ABSTRACT

VeVaDaMis a data information model designed by the Danish water utility collaboration
VeVa (Weather radar in the Water sector). The intent of the data model is to make the
use and sharing of weather radar precipitation data easier for hydrological pufpeses.
model represents the choicesde bythe VeVa collaboratiomnd are inspired by the
OPERAs ODIM HYMichelson 2014)

The present document specifies tbgical data modelVeVaDaM and the physical
implementation in thefile structure ofVeVaDaM H5. As the name implies the
implementation make use of the HDF5 file format developed and maintained by the HDF
Group(HDF-Group 2016)

The data model is constructedlte selfexplanatorygive flexibility, transparencand

high usability for the endiser Theassociatethet adat a and the requir
of the precipitation field allowboth general users amgeatheradar experts to directly

use the data in applications.

OVERBLIK (DANI SH VERSION OF ABSTRACT)

VeVaDaM er en data information model udviklet af det danske vandforsynings
samarbejdé/eVa (Vejrradar i Vandsektoren). Formalet med denne data informations
model erat ggre brugen og udvekslingen af vejrradar data nemmere for by
formal. Modellenrepraesenterer delg VeVa partnerne har foretaget, og bygger videre
p- OPERAG®G s (MiHzlsoM 2084

Dette dokument beskriver den logiske datamateVaDaM og den tilhgrende fysiske
data modeVVeVaDaM H5 der som navnet antyder bygger pa HDF5 fil strukt(H&F-
Group 2016)

Datamodellen er konstrueret til at veere selvforklarefidksibel, gennemsigtigheag

med hgj anvendelig for slut brugerne. Den tilhgrende ndeta information og det
kreevede bedste bud pa en areal nedbgr gar det muligt bade for generelle brugere og
vejrradar eksperter at anvende data eller arbejde videre med dem.

Specifikationerne er skrevet pa engelsk for at ggre dem bredest muligt anvendelige.

VeVaDaM Specifications - Logical and Physical Data Model Page 1 of 61



VeVaDaM Version1.0

VERSION HISTORY

The responsibility and maintenance oktdbcument lies with the Ve\fartners.

The backgound for the VeVa collaboration and its partners are descripted further in
sectionl.

Version 10, 29 Marts 2017
Final version approved kiyre VeVa partners.

Version 0.9, 17 February 2017

Draft final version for the VeVa partners review and scientific knowledge partners
(Aalborg University). This version was produced by InforMetics Aps and EnviDan A/S
on behalf ofand in collaboration witlthe VeVa partners. ThéeVaDaM specifications

are the resultsfanultiple meetings and workshops with the purpose of clarifying the
VeVa partners needs and requirements of the data model.
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1 Background and VeVa partners

VeVa (Danish:Vejrradar i Vandsekoren, English.Weather radar in th&Vater) is a
collaboration between Danish water utility companigh the intent ofease the access
to and use of weather radar data for hydraulic and hydrologicpbpes in the water
sector -wfeart hfemom adar specialisto.

Accurate and reliable rainfall estimates from weather radars should be as accessible and
easy to use as rain gauge data is at the time of writing. The data processing from raw
polar radar refletivities (dBZ) to corrected and adjusted cartesian estimates of
precipitation intensities (mm/h) should be transparent and with clear data interfaces and
well-defined data information models. This is important to ensure the confidence to and
the availabilty of weather radar precipitation data to hydraulic and hydrological purposes

in the water sector.

Traditionally, rain gauges have been used as the rainfall data basis for hydraulic and
hydrological modelling the water sector. Rain gauges have prinadd worth over
decades. Howevegrain gauges are point observations and therefore only representative
for the rainfall within a limited range. Accurate and reliable estimates of the
spatiotemporal distribution of rainfall is important to determine thieetation between

a given rainfall and the resulting hydrological effects in complex water system. Both
naturally and mamade systems.

At the time of writingit is not possible to obtain precipitation estimates with the desired
high spatiotemporal resolanh with other technologies than weather radars. An
introduction to weather radars is given in Appendix A.

The VeVa collaboration were started in 2016 by the utility companies Aarhus Water,
Aalborg Kloak, BIOFOS, HOFOR and VdrenterSyd. These five utility partners have

to some extend and at different levels worked with and used weather radar data since
2004 In spite of a desire to utilise the potential high spatiotemporal precipitation data,
applications and use had mainly beernitith to research and development projects with
few exceptios. Hence, the usage of weather radar dave hat the time of writing, not
settled to a level comparable to rain gauge data.

The VeVa collaboration were started to accelerate the usage of nweatiiedata among
Danish water utilities. The collaboration startedth guidance from weather radar
research group at Aalborg Universiby identifying the desired usages among the five
utilities and thereby the common barriers, goals and négdkat time the utilities had
different short term goals for weather radar applications, but more impprtaetrlong
termgoalsaligned to some exterahd all utilitiesneeded t@nsureaccurate and reliable
weather radar data for their applicatiof$is shared need inspired to the work on a
transparent and common data information mosfeMaDaM) for the use of weather
radar data for hydrological and hydraulic purposes in the water sector. A common data
information modelwasidentified as an important pawt the foundation for increasing
the confidence to, arttieavailability and usage of weather radatain the Danish water
sector. Furthermore VeVaDaM will also ensure a common data interface for the
development of future weather radar applicatiohgpendix B contain some of the
envisioned uses of weather radar data for the utility partners.

The responsible partners in the VeVa collaboration is the water utilities listed below. The
collaboration is not exclusive for the listed partners. The nunflgarocipating utilities
can be extend as required. However, it is required that the given water utility utilises
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weather radar data and have an interest of further development of weather radar
applications for the Danish water sector.

Aarhus Water Ltd. N R

Gunnar Clausens Vej 34 j " M“,‘_‘\‘{;\
8260 Viby J N
Contact: Malte Skovby Ahm gy
VeVa utility abbreviation: AAV aarhusvand g

B ot

Aalborg Kloak Ltd.
Stigsborg Brygge 5
9400 Ngrresundby
Contact: Mette Godsk Nicolajser AALBORG VANDKONCERN

VeVa utility abbreviation: AAK
& BioFos

AALBORG KLOAK

BIOFOS Ltd.

Refshalevej 250
1432Kgbenhavn K
Contact: Carsten Thirsing

VeVa utility abbreviation: BIO

HOFOR Ltd.
@restands Boulevard 35
2300 Kgbenhavn S

Contact: Ane Loft Mollerup H 0 FO R

VeVa utility abbreviation: HOF

Vandcenter Syd Ltd.
Vandveerksvej 7 {
5000 Odense C s

Contact: Annette Brink Kjaer Va ndce nter

VeVa utility abbreviation: VCS

The VeVa utility abbreviationgreferences)s used to unambiguous identify utility
specific adjustmentdata E.g. rain gauge or disdrometers. Observations fd@nish
nation rain gauge networfSpildevandskomittens regnmalernetveerk) and the Danish
Meteorological Institute are abbreviated by SVK and DMI, respectively.
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2 Introduction

2.1 Purpose

The data model described in the following is a product olgéa collaborationlt is
the ambitionto make good andeliable weather radar datgually accessible as rain
gauge data iat the time of writing

Another important aspect f&feVais that the methods for processing raw data into a
cartesiarVeVa derived radar product is transparenterns of the filtering, correction,
calibration and adjustment that has been apphi#d cleaty defined interfaces.

The processing of raw radar datgo a standardised areal precipitation at the surface in

a user friendly and rasable format requires thapplication of methodologies from
several academic fields each with their own vocabulary and definifimsid the
development of these specifications the VeVa partners have agreed on a set of definitions
and vocabulary that is used in the below texdséhmay be found idppendixC.

2.2 Radar data flow

The file format of VeVaDaM (Weather radar in the Water Secidata M odel) is an
exchange format storing a derived weather radar product. This means that data
processingnethodsrom raw weather radar data iftte@VaDaMHS5 isneeded to create

afile that complies witivevVaDaM

An illustration of a possibl&eVaDaM H5 data flow is shown ifrigure 1, where the
data model is assumed to be derived from an ODIM file (or similar volunnatviadar
data file).

The documentation gives a short overview of the needed processing steps and
methodologies to comply witWeVaDaM These processing steps are illustrated in
Figure 1 under the sectionfiDatainterface ODIM H® and the objective and
recommendations for the chogemwcesseare described briefly in sectidh along with

a recommendedstandard processinghain For further details on the process
methodologies the reader is referred to the referenced literature.

Deviations from the recommended methodologie¥@faDaM file needs to be stated

in the metadata with reference to the appireethods and the documentation should be
updated with the new processing methods in order to maintain transparency. Metadata is
described in sectioh
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2.3
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Polar DKN
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Clutter removal

Projection

Conversion to areal precipitation - fully reversible within VeVaDAM
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Conversion from Bias adjustment to Verification and Data export to
reflectivity [Z] to ground observations quality control other applications
rainfall-intensity [R]

Datainterface VeVaDAM H5

-
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-
'

Internal &
External usage

Real-time control Numerical modelling

Figurel: A possible data flow from raw volumetric weather radar data into CartésgfaDaM
H5 file format.

Governance

The utility partners oVeVa have committed themselves to maintain and update t
current documentation. Tlgovernanceesponsibility is to:

- Ensure that the documentation is up to date with descriptions of the data information
model (DIM).

- Ensure that thephysical file format complies with theVeVaDaM, and for
VeVaDaM H5 future updates to HDF5.

- Ensure thahew relevanprocessing steps and overall methodologies are described.

Maintain a naming conventidor rain gauges and other relevant data. Each utility have
been assigned a VeVa utility abbreviationSactionl andis responsible to maintain
their ownunambiguouseferenceable list @fround observationssed for adjusting radar
precipitation.

3 Data Model concept

The data model foveVaDaMis not a genergburpose model for storing a range of data
asfor instanceODIM. VeVaDaMis aformat that contains specific endoroductin the
form of a surface precipitation fielghrocessed from ODIM or similaputput from
weather radarsThe specifiationsof VeVaDaM builds on the concepts used in HDF
(HDF-Group 2016)and uses therefore the same definitions as sh@ow in Section
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3.1 A simplified schematization of the file form#& given in Sectior8.2 along with a
graphical walkhroughoff threeexample filesin AppendixD.

3.1 Definitions used in the data model

This version of the specifications is written with the physical HDF5 data format in mind
and reuses the definitions of the HDF5 format, as defined by the HipB&p (HDF-
Group 2016)

Definitions in relation to radar data processing used below is described in Ap@endix

3.1.1 Group

A group is a structure containing one or more subgroups and datasets, together with
supporting metadaté group @n also entirely consist of supporting metadata.

3.1.2 Dataset

A dataset is a multidimensional array data elements, together witkupporting
metadata. A dataset can be stored as a number of different datatyfezably as int,
uint, float or doublePlease refer to the HDF5 documentation of datatype oftitiDes-
Group 2016)

3.1.3 Attributes

Attributes are attached to groups or datasets. They consist of two pldetsieand a
Value The value contains one or more entrieshef same datatype (strings, numbers,
dates, etc.). Please refer to the HDF5 documentation of datatype dptbRsGroup
2016,Michelson 2014)

3.1.4 Scalars, Booleans and Sequences

Scalar values are stored in attribute objects and can be strings, integers, or real-(floating
point) values. Integer values shall be representeebg$e8ong, and real values shall be
represented as double.

Strings shall be encoded in the ASCII représton of UTF8. Strings are alsbe used
to store truth or false value information.

Lastly stringscan also be used to store a sequence of information. The sequence is
commaseparated and can contain both scalar values in string notation or actual string

The above is in accordance with OPERA ODIM H5 definiti(Mghelson 2014)

3.2 Schematization of the data model

Figure2 showsa schematization of théeVaDaM. For illustration purposes tlsehema
showndoes not contain metadata but only datasets and singlevalats stored in
attributes.
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Figure2 showsfrom left to right the processing steps that are reversible Figure 1

and from top to bottom the relevant data stored in the file. 2D datasets are shown as
squares and single values stored in attributes as ovals (see $ettmvove). The
colouring of the elements is based on tteguirel data(green) andhe optional data
(yellow). Finally, on the far right is indicated what fields may be used in atireal
operationand a historical processin@nly the required information shallwaysbe

stored and the optional dathould only be included if applicable to the end usage of the
data

The figure illustrates in the firsow therequired and hence minimal and alwayssent
content ofa physical data model, with minimum 2 data scalar values (green ovals) and
the required resulting dataset, the precipitation field. These required attributes and the
dataset are described below in SectoB.1 The Precipitation field before it is bias
adjusted, shown in the figure as a white hexnot included in th¥eVaDaM but may

be derived by dividing the Precipitation Field with the reggireal time Bias adjustment.

\

& &jversion from
) 'r_eﬂect_ivity [Z] to Bias adjustment factors Additional adjustments
i rainfall-intensity [R] estimated from either as a datasat Applicable

ground observations or an attribute radar data

Required
awn-|esy

Precipitation Field
Non-bias Adjusted

Interpolated
Bias e time Precipitation Field
i=1..n

|E21I0ISIH
/own-|eay

Adjustment
Additional
BiaShistorical :é:\sttgneanl

Legend < = value from attribute W = Required
D = Dataset = Additional

Additional

Precipitation Field
Additional

|eauo3siH

Figure 2. Scematic othe VeVaDaMstructure, showing required (green) fields and optional
fields (yellow), along with scalars diatasetoptions.

The subsequent rows in the figure illustrate thetaml (optiona) content of the data
model. They include alternatilaas corrections tgroundobservationss scalars or 2D
datasets, additional adjustménhot related tayround observations and the resulting
precipitation field.

This model is designed to contaidog of how the datdnas beemrocessedincluding
sufficient details othe processig methods to determine associated uncertainfies
reason for including thiistoryis to make it possible to reverse certain prooessteps.

Forexample Assuming an end usdesires to usea spatially distributed bias adjustment
rather than thenean field bias adjustment facgiven inthe requiredii B irestin®f.
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1. The user would thetfirst dividethe precipitation field with the applied bias factor
andsubsequentlynultiply with the spatially distributed bias adjustmesdtaset
that is preferred.

2. In storing the updatedleVaDaM the user mayelect to store botkthe applied
bias adjustment in thaglditionaldataseindthe new resulting precipitation field
(APrecipitation Fi el disrAcdondmendedchovweveoto i n
only store the new precipitation field, as the bias adjustment can be derived
through the required datasets

3. The user would update theetadata in thaDataPrecipitationAdditional] group
to reflect the applied methods, and also update the relevant metadata in the root
to log the changes made (see Sedlidirand Sectior.2respectively).

3.2.1 Required data

The required datahown in the schematizaticghall besaved in themodel and is
comprisel of thefollowing:

1 Z-R conversion parameters
1 Areal time mean field b&a
1 The derived precipitation fieldlatasey, i.e. the end product

The Z-R conversion parameteis used to convert the measured reflectivity (Z) into a
precipitation rate (R). This relationship betweeand R is nonlinear and deperaisthe
drop sizdistribution(DSD) andthevertical dropvelocity distribution (DVD) There are
two parameters in the empirical power law function (a grachd optional g whichmust

be written to thessociateaittributes.

The real time mean field bias factor is likee/a requiremen®hat a bias factor is mean

field meanghat it isa uniform distributed bias and consequently represented as a single
valuewritten to an attributeThe bias factor can either be computed in real time or over

a historical time period. Thenduseapplication is defining fowhether a real time or
historical factor should be applied. For real time applications, such as real time control,
the only possibility is to apply a real time bias factor whereas for analysis purposes a
historical bia factor can be morappropriate Historical bias factor®r datasetare
optional.

A number of other attributesot shown in the schematizatios yequired, which can be
seen in sectioA.

3.2.2 Additional data
Theadditionaldatashown in the schematizationtiee following:

Mean field historical bias
Distributed real time bias
Distributed historical bias
Additional adjustmentlataset
Additional derived precipitation field
Interpolated precipitation fields

= =4 =4 -8 -8 -9

The mean field historical biasis a bias that often is used for analytical purposes in
retrospect. This could be a daily bias that is computed at the end of the day and applied
for that specificday. The bias can be computever a period of time ogoing back a
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certainrain depth, both of which shoulde specified in the belonging attribute, see
sectiond.

A distributed bias is a bias that is neaniform within the precipitation field. For these
reasons is the distributed biase2adatasetwvith the same resolution and size as the
radar imageAs with the mean field bigsthe distributed biasanbe either real time or
historical.

The additional adjustment datasetis a2D datasethat contains area or case specific
distributed adjustment factors. Examples for usingdhisisetan be a new attenuation
adjustment or bloa&ge of certain areas to reduce data.

Theadditional derived precipitation field is the result of using thedditionalbias and
or adjustments

To ensure a flexible file format tlaelditionaldatacanbeincludedasdesired This means
that any of theadditionaldata isoptional,as long as the required datastered The
additional datasets may be stored freeb, it is allowed to store the distributed bias
without the resulting precipitation field or visarsa to minimize storage requirements

It is further possible to store additionaveighted 2D temporalinterpolated
precipitation fields between observegrecipitation fieldsto create apseudehigh
temporal resolution. ThéeVaDaMstructure supports this interpolati@s long as only
one diretly measuredime steps stored in one physical data madel

Depending on whichdditionaldata is chosen toe savel in thedata modeh numbeiof
associateattributes has to be written as wédlhese are furthetescribed in sectiof.

3.3 Assumptions

In the development of these specifications a number of assumptions has been made.
Specifically,it is assumedhat:

Weatheradardata of relevance comes from eitbleband or Gbandradars.

91 Data will be processed in retine timestep by timestep, but improved over
time with respect to multiple tiragtepscorrects/adjustments

1 Realtimeresolution is assumed to be as loveas minute resolutionprocessed
before he arrival of the next scane. within one minute.

1 That processing ofveatherradar data may take place either in a Linux or
Windows operating system.

1 Thatseveraltools will be developed both by VeVa partners and othersatteat
able to produce and canse thisdata modelHence,t is anticipated that further
processing will be made before an arsgr product is available.

3.4 Interaction with other IT systems

The interaction with other IT systems is designed to be both backward and forward

compatible sahat future updates of the data model does not necessarily require updates
of theapplication programming interfacésPls). At the same time flexibility is required

for the content of the files to comply with as many radar systems, terrain types ahd actua
uses as possible.
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3.5

It is the intention in the future to keep the content offdta modeland if at all possible
limit updates to extensions of that format.

Logical data model standards

The Danish Water Utilities have developed a portal for storiaga dnodels,
specifications and tools to enhance sharing between the utilities. The DDV (Det Danske
Vandselskab) portal is accessible in Danish at
www.detdigitalevandsiskab.dk/Produkter/DD\Reol/DDV-Reolen.aspx

The portal is based on the OEnhterprise Architecture developed by
Moderniseringsstyrelsen htfp://arkitekturguiden.digitaliser.dkfor managing Danfs
public online data.

The VeVaDaM complies with the general architecture of the €48 and is prepared
for an implementation into the DDV portal in the future.

4 Meta data definitions

4.1

Meta data are organized in groups. There is a root group associatéidendbical data
model in general, and then for each dataset a separate list of required and optional
metadata information.

For each group there exists one or more attributes and subgroups.

The format requires the presence of the root metadata as epdmfow, and ondata
groupi each with one or momequired andptional attributes as detailed in sectdr?
and4.3.

Figure2 shows the required and optional data that are stored shathemodeleach of
which carries its own sef metadata. The grouping in the metadata below is designed to
reflect this structure.

In the tables below the first column specifies whether the field is required or optional,
the Name column is the specific name of the attribute or dataset and the hierarchical
placement is given in the square braclegtgarated y dig, [[Data,What]. Thelype
column specifies if the field is a Group, an Attribute or a dataset along with the Value
type (see SectioB.1).

The Value column gives the expected formdteve square brackets [x] contains a place
holder for a text described in the description column, along with an example value given
in the curly braces {example value}.

Finally the description columaescribes thentended usage of the field.

Temporal storage structure

The data model described below is designed to contain onlynoastep Radar datés
however recorded with frequent updatesypically between one and 15 minuime
steps The individual radar datame stepsnust be organized in an indgble structure.
See furthedescriptions in the physical data model Sec#idn
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To avoid any ambiguity, it is a requirement that all times given in the files and in the
naming of files are UTC+O, i.e. equivalent to GMT &d#dilu Timeo. That also implies
no corrections folocal daylightsavings.

4.2 Root METADATA [Required]

It is a requiement that the data contains a root level metadataset with the following
attributes.

The root group is redred to contain three subgroups

1 What
1 Where
1 How
Name Type Description
[Group] Value
{Examplé
Conventions Attribute VeVaDaMversion number used. Th
'O . . . . .
2| [Roof] String (VarChar) major version is given in [M] and th
= minor version in [m].
& vevabaMvIM]_[m] The present version is 1_0 as show
{VevaDaMv1_0} in the example.
3 What Group This group describes what data is
= [Roof] stored in the physical dataodel.
o
o
3 Date Attribute The UTC+0 date of the first time
= [What] Date YYYYMMDD step in the datasets, as year, montl
o and day
& {20161205}
Time Attribute The UTC+0 time of the firgime
o | [What] Time step in the datasets, as hour, minut
) seconds.
=] HHmMmss
O
& {235959}
__ | NextTime Attribute The UTC+0 time of the time step of
© - the next physical recording. Used
c
2 [What] Time when dataset includes interpolation
CQ)' HHmMmss
{000959}

VeVaDaM Specifications - Logical and Physical Data Model

Page 14 of 61



VeVaDaM Version1.0
3 | Where Group This group describes the
= geographical location of the data in
S [Root] this model.
@
= Lon Attribute Longitude of the radar antenna give
) in degrees (and decimal degrees).
5 | [Where] Double Normalized to UTM/EUREF89.
§ d.[decimals]
{10.4571}
- Lat Attribute Latitude of the radar antenna given
) in degrees (and decimal degrees).
5 | [Where] Double Normalized to UTM/EUREF89.
§ d.[decimals]
{55.399}
__| Height Attribute Height of the radar antenna above
i sealevel given inmeters.
c
2 [Where] Double Normalized to DVR90.
8 m.[decimals]
{10.5}
__| Range Attribute General radar range in meters from
©
£ | Where] Double the radar antenna.
g m.[decimals]
{5000.5}
__ | Radres Attribute Radial resolution of the radar in
S
S | [Where] Double meters.
g m.[decimals]
{1000.0}
__ | Azires Attribute Azimuthal resolution of the radar in
©
S | [Where] Double degrees.
g d.[decimals]
{1.50}
3 | How Group This group describes how the data
= recorded.
= | [Root]
Q
@
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__ | Rmodel Attribute Radar modeas a string.
@
5 [How] String
g— RadarModel
{WR-2100}
__ | Beamwidth Attribute Width of the transmission beam in
g [How] Double degrees (halpower beamwidth).
=4 .
o) d.[decimals]
{1.50}
| rpm Attribute The antenna speed in rounds per
< [How] Double minute. Given as a meannbt
=] recorded.
= .
S n.[decimals]
{1}
= History Attribute Description of processing steps fro
2 How] String raw image to area data. It is
3 _ acceptable to use a reference to
& Processhistory standard processing chain (see
{AAU_WR2100v1} Section6)
Processing Attribute The overall processing level of the
Level Integer rainfall dataset in the file, to be use
[How] a quick reference for theser. See
Level (0-4) definition in Sectiors.
‘_g {1} 0: No processing
B 1: Factory defaults
© 2: Realtime physical corrections
3: Realtime adjustmentagainst
groundobservations.
4: Reprocessed in post analysis
VprCorr Attribute Name of method used for VPR
3| [How] String[3] corrections, any factors used with
= value, and a reference.
o Method, Factor, .
g Reference See Sectiow.1.3
{none, 1, noref}
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Georef Attribute Name of method used for
- Georeferencin@gnd projection, any
[How] String[3] factors used with value, and a
o Method, Factor, reference.
El Reference Note that final grid must be in
A {none, 1, noref} Danish National GrigDanmarks
statistik og Kort & Matrikelstyrelsen
2012)
See Sectiow.1.4
Noice- Attribute Name of method used for clutter
Reduction String[3] removal, anyfactors used with value
S | [How] and a reference.
£ Method, Factor, See SectioB.1.1
ag)_ Reference "
0 {none, 1, noref}
{Gabella,threshold =0.2
Gabella(2002)}
Attenuation- Attribute Name of method used for attenuati
Corr String[3] corrections, any factors used with
[How] value, and a reference. If attenuatic
3 Method, Factor, correction is done by the radar usin
= Reference proprietary methods please note
S {none, 1, noref} tha as in the 2 example.
@ .
{radar,0,proprietary} See Sectios.1.2
{CapPIA,b=1.6,
Harrison(2000)}
Gridding Attribute Name of method used for gridding
= [How] String[3] and/or resampling.
= Method, Factor, See Sectiow.1.4
§ Reference
{OrdinaryKriging,
nnearest=12,general}
Interpolation Attribute Name ofmethod used for forward
- and/or backward interpolation.
E [How] String[3] See Sectiop 3
1= Method, Parameters, ee Sectios.
8— Reference
{AdvectionInterpolation,
dt=1min, Nielsen(2014) }
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4.3 Data group [required]

The data group contains both scalar and griddigtda and associated metadata. All
gridded data in this group must share the same grid, so that grid geographical attributes
need only be provided once. Please note in particular that it is a requirement that gridded
data are i n t he A D.e2 (Dabnsarks ktagistikKog aKdrr &t ne t
Matrikelstyrelsen 2012)

The grid is based on UTN2 and datum ETRS89 (EPSG kode 25832), and is either in
1km (DKN_1lkm_ETRS89) 500m (DKN_500m_ETRS89) 250m (DKN_250m
_ETRS89), 100n(DKN_100m_ETRS89)50m (DKN_50m_ETRS89)Other resolu
tionsarepermissiblef they can be derived directly from the above using an even number.

Name Type Description
[Group] Value
{Examplé
3 | What Group This group describes what daga
= stored in this group.
= | [Data] group
)
0
= Timestamp Attribute UTC+0 timestamp of the recorde
_% [Data, What] Datetime radar signal (scan complete time
§ YYYYMMDDhhmmss
{20161208155959}
= Dimension Attribute Number ofelements in x and y
Q0 [Data, What] Integer[2] _dlrectlon respectively. Zero
= indexed.
§ Nx, Ny
{201,215}
Raindepth [Data, | Attribute Averaged measured rainfall in th
o What] Float file as mm/hour/m2.
Gg). d.[decimals]
o {2.6}
3 | Where Group This group describes the
= geographicalocation of the grid
S [Data] in the data group.
x
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CellSize Attribute The coordinate system must be
one of the DKN grids. See the
[Data, Where] Integer introduction to this section for
- [DKN_]m[_ETRS89] details.
2 m (meters):
q% [1000,500,250,100,50]
o {100}
LL_DKNCell Attribute Lower Left DKN cell naming
- - convention. North and East
o [Data, Where] String coordinates truncated to grid siz
= CellSize_North_East_ significance.
& {100m_61886_7091}

[Data]

Required

LL UTM32 Attribute Lower Left UTM32 ETRS89
[Data, Where] Double [2] coordinates of the lower Igft
5 corner of the above mentioned
= Northing,Easting cell.
§ {61886000, 7091000
}
__ | CAPPIheight Attribute The representative height above
= .
£ | [Data, Where] Double ground of thigdataset.
=4 :
o) m.[decimals]
{50.0}
Spatial- Attribute Coordinate system of data.
© dtl)sctret{/zvahtlon String In the future this format may
_5 [Data, ere] CoordinateType support polar coordinates.
Qo
O {Cartecian}
ZRConversion Group This group stores the method an

parameters used for the
reflectivity to rainintencity
conversion.
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o5 | ZRmethod é;t.nbute Reference of method used for
.% [Data fing conversion of reflectivity to
T | ZRConversion] Method rainfall intensity.

. {MP}
= Parameter_a Attribute First parameter in ZRmethod
.% [Data, Double
§ ZRConversion] d.[decimals]
{200.0}

Parameter_b Attribute Second parameter in ZRmethod
3 | [Data, Double
-g ZRConversion] d.[decimals]
)
0 {1.6}

Parameter_c Attribute Optional third parameter in
< | [Data, Double ZRmethod.
S | ZRConversion] d.[decimals]
a ]
O {1.0}

Precipitation Group This is the precipitation (as wate

Required

[Data]

Containing both a datase
and attributed see below

estimate in mm/hour given by a
standardized meanfield bias. A
better estimate may exist in the
PrecipitatiorAdditional group.

Precipitation

Group

This group contains an optional
bias correctiomatasebr

© -

S | Additional Containing both a dataset historical meanfield bias

b= and attributed see below : .

S [Data] correction, and the resulting
improved areal precipitation.

< | Dataset[n] Group Container for any relevant data

o . o

S | [Data] Dataset[n] that m_ayo_e stored in addition to

o precipitation and adjustment

O {Dataset3} fields.
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4.4 Data, Precipitation group [Required]

BiasRealTime Attribute Applied mean field bias already used on
o | MeanField Double Precipitation data. Typically applied in
Q [Data . realtime. Avalue of1.0 denotes that data
=1 P S d.[decimals] are not bias adjusteat that there was no
9 | Precipitation] .
o {1.0} bias in the measurement.
3 | What Group Specific attributeso the Precipitation date
3| [Data,
¥ | Precipitation]
Gain Attribute Multiplier to apply to rainfall. Should be 1
2| [Data, Double if not used.
= | Precipitation -
> ’
= | What] d.[decimals]
vd {1.0}
Offset Attribute Offsetto the stored data. If not used it
o | [Data, Double should be 0.
= | Precipitation -
> ’
= | What] d.[decimals]
@ {0.0}
ToUMperSec Attribute Unit conversion to um/secoridafter
| [Data, Double application of Gain and offset.
2 | Precipitation, -
S | What] d.[decimals]
Z {0.277777777T7TT777
78}
{1}
= Nodata Attribute Bins with data that has been removed in
3] the processinglhe type of data should be
= [Data_t, - Same type as datasy the same as the dataset, and the nodata
o | Precipitation, d.[decimal . . )
2 What] [decimals] value is the value before applying gain
{254 and/of offset.
__ | Undetect Attribute Bins where data is missinghe type of
© data should be the same as the dataset
(e ’
e I[DDrZE:?f)itation Same type as datasy the nodata value is the value before
o ’ H . .
S| what] d.[decimals] applying gain and/of offset
{255
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BiasType Attribute Type of bias correction used in the
: required precipitation field. Optional if a
I[ZE?ZE:?’ itation String[3] value of {1.0}is used in the correction.
3 Wi tp ! Method,
5| ] Parameter,
g. Reference
{MeanFieldBias,

nneighbors = 3(N.
&. Thorndahl 2014)

4.5 Data, PrecipitationAdditional group

BiasMeanField | Attribute Applied mean field bias already used on
— Precipitation data. Typically applied igal
S I[?Eigz:?, itation- Double time. A 1.0 denotes that data are not bia
2 1P d.[decimals] adjusted.
o | Additional]
o {1.0}
= | What Group Specific attributes to the Precipitation da
.§ [Data,
8— Precipitation-

Additional]

Gain Attribute Multiplier to apply to rainfall. Should be 1
E [Data, Double if not used.
o | Precipitation- -
2 | Additional. d.[decimals]
O | What] {1.0}

Offset Attribute Offset to the stored data. If not used it
‘_g [Data, Double should be 0.
o | Precipitation- -
& | Additional, d.[decimals]
O | What] {0.0}
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ToUMperSec Attribute Unit conversion to um/secoridafter
[Data Double application of Gain and offset.
Precipitation- :
T | Additional, d.[decimals]
.5 What] {0.27777777TTTTT77
1 78}
O
{1.0}
Nodata Attribute Bins with data that has been removed in
'® the processing. Format always double e
.§ I[DDrgf:?’ itation- Double if data is stored in different format.
Q 1P d.[decimals]
O | Additional,
What] {99999}
__ | Undetect Attribute Bins where data is missing. Areastside
.g I[Eata.l’ - Double the range or blocked.
5 | Precipitation- -
O | Additional, d.[decimals]
What] {99999}
= | How Group Specific attribute®n the processing ole
S [Data Precipitation data.
g- Precipitation-
Additional]
AppliedBias Attribute In the cases where more than one
- additional bias correction is available in
I[Dti:f:?;;itation- Strlng _ the file, this string must hold the name of
S | Additional, How] AppliedBiasName | the bias that has been applied to the
S ’ i i recipitationfield.
S {BiasMeanField} precip
8— {BiasAdditionall} An usecase could be both a mdihd
value given in [../BasMeanField]
and a distributed bias in
[./BiasAdditionalN]
BiasAdditional Group On or more ptional grougto include
g [Data, BiasAdditionalN additionaldistributedbias adjustments.
= | Precipitation- - L It is possible to have more than one
8‘ Additional] {BiasAdditionall} BiasAdditional group if an index is addec
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BiasMeanField | Attribute Additional Meanfieldbias adjustmerit
‘_g Additional Double typically historical (hours, day).
O | [Data, .
8— Precipitation- d.[decimals]
Additional, {1.2}
BiasAdditional]
_ | How Group Specific attributes for each additional bia
g [Data, correction
S | Precipitation-
O | Additional,
BiasAdditional]
BiasType Attribute Type of bias correction. Typically used f¢
- distributed corrections where both a real
I[:I)Z)atq, o String[3] time and a dhour or dailyhistoric
— | Precipitation- R
i - Method, correction is included.
§ | Additional, = i
£ | BiasAdditional, | pocor”
S| How] eference
{DistributedHistoric
al, Hours = 3 (N.
&. Thorndahl 2014)
_ | What Group Specific attributes to the additional bias
g [Data, corrections data.
& | Precipitation-
O | Additional,
BiasAdditional]
Raingauges Attribute Id of raingauge [see index], along with
[Data, String[n] process]
__ | Precipitation-
E | Additional,
% BiasAdditional,
O | What]
Gain Attribute Multiplier to apply to rainfall. Should be 1
Tg [Data, Double if not used.
o | Precipitation- :
2 | Additional, d.[decimals]
© | BiasAdditional, |{1.0}
What]
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Offset Attribute Offset to the stored data. If not used it
c_cu [Data, Double should be 0.

o | Precipitation- :
2 | Additional d.[decimals]
O | BiasAdditional, | {0.0}

What]

Adjustment- Group Optional group to include aradditional
= Additional adjustments besides bias adjustments.
& | [Data,

o | Precipitation-
O | Additional]

What Group Specific attributes to the additional
‘_g [Data, adjustment corrections data.

S | Precipitation-
8— Additional,

Adjustment-

Additional]

Gain Attribute Multiplier to apply to rainfall. Should be 1
— | Data, Double if not used.

c | Precipitation- -
_% Additional, d.[decimals]
O | Adjustment- {1.0}

Additional,

What]

Offset Attribute Offset to thestored data. If not used it
— | [Data, Double should be 0.

c | Precipitation- :
% Additional, d.[decimals]
O | Adjustment- {0.0}
Additional,
What]
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5 Data specifications

All datasetsare stored as dataset obje@&gay of the types int, uint, float or double is
allowed (see sectiorB.1), anddata compression using the associated Gain and Offset
attributes (see for instance Sectid) is possibleln generaljt is highly recommended

to make use of int or uint to make the datasets as small in size as possible. As an example
the storage need for a single file and one year worth of data with 333x333 pixel values
are shown ifTable1. The numbers have been computed for three file types; one with
only the required data, one with all possible additional data and one with the required
data and interpolated data. The Biges given are approximations since the actual file

size in a HDF5 file depends on values stdfesice on the amount of measured
precipitation.

Table 1: Example of storage space requirements for different typ&&dhDaMfiles using
unsigned integers and doubles respectively.

One timestep One year of data
File Temporal Uint8 Double Uint8 Double
Resolution
Required 1 min ~0,12Mb| ~0,87 Mb| ~66 Gb| ~466Gb
All additional data 1 min ~0,56 Mb| ~4,28 Mb| ~301 Gb| ~2.305 Gh
Required ncll 1omin | ~1,08Mb| ~848Mb| ~58Gh| ~ 456 Gb
interpolated data

The table clearly illustrates the advantages of not storing data in deuldeshis rmy
take up as much asnetimes more storage space. As dsitze is typically an issue in
the usage of redime data it is further recommended not to save redundant data, but

only the absolutely necessary. In all cases of choice it is preferred to save the precipitation
data (sed-igure?2).

All the datasets are organized in grouygsch are shown in the following tabie the
square brackets.g.[Data/Precipitation].

Table2: Required and optional datasets stored/evVaDaM

Name Type Description
Format
PrecipitationField 2D-array Actual precipitation field that can b
3 | [Data/ Int, rNead dlrectly or by using the a_ttrlbu
= _ Awhat o dependi ng
% Precipitation] uint,
o Float or
Double
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AdjustmentAdditional 2D-array Optional adjustmerdatasetthat can
= | [Data/ Int, bet reta(: d_lr%ctlytor by uslngr:he t
S | AdditionalAdjustement | . . ? t Pbute whatd
217 , ormat.
o Float or
Double
DistributedBiasAdditio | 2D-array Optional distributed bias factor
= nal Int datasethat can be read directly or
S | [Data/ h by using the att
=i uint, depending on the format.
O | Bias] Floator
Double
PrecipitationFieldAddit | 2D-array Optional precipitation fieldlataset
ional Int that can be read directly or by usin
= | [Datas ’ the attribute fy
T . int,
& | PrecipitationFieldAddit u the format. Array_s are stqred as on
= = long unpadded binary string startin
o | ional] oat or :
'e) in the uppetleft corner and
Double proceeding row by row (north to
south), fromleft (west) to right
(east).
PrecipitationFieldinter | 2D-array Interpolated additional precipitation
p_1én Int field matrices. The temporal
L ’ discretization implies the number o
_ [Data/ Precipitation] uint, matrices saved. The datan be read
g Float or girectly or b}/ using the attribu_te
= Awhat o dependi ng
8— Double

Binary arrays are stored as one lor
unpadded binary string starting in
the uppetleft corner and proceeding
row by row (north to south), from
left (west) to right (east).
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6 Standard and alternative processes

A number of methods and procedures have been developed and deployed over time to
achieve the best possible spatial and tempmetipitationsignal fromweatherradar
measurements. The below list is not exhaustivoclusive, but is at the time of iing
the procedures that bes¢rvethe purposgof most of the applications for théeVa

partners.

For each of the processing steps the required documentation, along with the
recommended, optional, aadternativemethods are stated below in Sectiohg, 6.2,

and6.3.

Overall it is recommended to adapt a standard set of processing steps that are suitable for
a given radar and location, and where only the parameters change over time.

The processing chain shown below is considered a standard and recommended
processing chain foveVaDaM The associated naming and reference to the attribute
holding the information is also givédeee Sectiod.2). Finally, the processing level for

these steps is givermeaning that application @&ny of these processéswith the
standards given here or alternative processes, means that the processing leveeshould b
adjusted to the value given

Table 3: Listing of the processes that are at the time of writing considered standard for the
VeVaDaMformat, along with their naming, corresponding mdtta attributes and resulting
processing level.

Process Standard process | Meta-data and naming Process

And reference Iler:/?al
Clutter and Texture based \How\NoiceReduction 2
Noise reduction | techniques. {GABELLA

[GABELLA] threshold =0.x, Gabella(2002)}
Attenuation Path Integrated \How\AttenuationCorr 2
correction Attenuation {CapPIA b=1.6, Harrison(2000)}

[CapPIA]
VPR correction | Parameterized \How\VprCorr 2

3rF|)gF\tlt-band|ng {BBVpr, minDBz = 28,(J. a. Zhang

S 2010}

[BBVpr]
Georeferencing, | Nearest neighbor | \How\Georef 2
grlddlng_and [NearestNeighbot | { NearestNeighbor
resampling

nneighbours = 3one (J. H. Zhang
2005}

Z-R conversion | MarshaltPalmer \Data\ZRConversion 2

conversion. {MP, a130;b:1.5(Marshall 1948)

[MP]
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Adjustment to Mean field bias. \DatdPrecipitatioWVhaiBiasType 3
ground [MeanFieldBias] {MeanFieldBia i =

. s nneighbours = N.
observations & Thorndahl 2014)
Interpolation Advectionbased \How\Interpolation Not
between time blended {Nielsen step=1min(Nielsen 2014} applica
steps [Nielser] ble

Please do note that these steps are optional, but that they are recommended and that it is
requiredto document what methods have beentliseds en i f t he met hod

6.1 Correction of raw data

The correction of raw data takes place prior to the data being storedMae\ta®aM It
is however a requirement that the processing carried out is docunretitedeVVaDaM,
and therefore it is included here.

6.1.1 Clutter and Noisereduction

Documentation

Purpose Clutter and noise reduction

Description This process removes artificial signals from reflective objects that ar
water. The correction can be achieved through dry weather s
composition in various ways, or through using other radar paran
besidegeflectivity.

Required The clutter and noise reduction is considered to be part of the

processing before data is store&/gvaDaM The requirement is therefo
to state the applied method or methods used in a way that makes it ¢
the user what quality of noise redioct has been carried out. l.e.

1 Method used

1 Any relevant parameters

1 Reference to further information on the method (some examplé
given below).

Considerations
and background.

Noise and clutter depends to a high degree on the location and the
radari and notleast the internal radar processiwghich occurs in many
case}d VeVa encourages that the physics of the rainfall is used in the
reduction. Also, although peak rainfall intensities are interesting
importanti it is more importanto capture the correct total mass.

It is recommended, but not required, that the noise reduction is carri
in polar coordinates.
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Recommended
methods

Texture-based techniquesFrom the existing literature and applicatio
it is believed that usinghe neighboring cells in both space and time is
best approach since it can be carried out intresd. This includes usin
Adry we a tilbetcade stould be @kers when dry weather sig
cannot be attributed to known effects and sources. 8si¢Babella et.a
(2002)

1 Part A: Large reflectivity gradients.
1 Part B: Comparing area to circumference of contiguous echo
region

Alternative
methods

1 Beamblockage using DEM should be performed prior to of

filters, and should not be done alone. It lhaycompensated usir

spatial interpolation methods.

Fuzzylogic based on polarimetric moments.

Filtering based on cloud type. Since cloud type is not generally,

established, and typically mixed during events.

91 Histogram based clutter identification kdson occurrences (
historic thresholds. This typically requires very consistent dat
with long periods and is noecommended

1 Base cubffi thresholds. Although a minimum threshold can m
sense in some cases, it must be argued why that threstistidThe
concern is that removes total rainfall and early detection.

E

References

(Gabella 2002and( OSr - dka 2014)
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6.1.2 Attenuation correction

Purpose

Damping corrections

Description

The radaibeam loses energy in a number of different ways that is
associated with the precipitation in the actual bin. Damping due t
distance travelled, general meteorological conditions and not led
accumulated precipitation between the radar andbthdan question
affects the intensity as seen by the radar.

Ideally independent measurements from other radars or
wavelengths may be used, but the method recommended belo
proven to be both efficient and stable.

Required
Documentation

The damping corrections reduction is considered to be part of thg
processing before data is stored \fieVaDaM The requirement i
therefore to state the applied method or methods used in a wa
makes it clear to the user what artifacts may have b@eoduced ol
assumed removed through stating:

1 The method used
1 Any relevant parameters

1 References to further information on the method (some exar
are given below).

Considerations
and background.

Damping corrections is best done on the individuanieourst in
combination with meteorological information measured, modelle
seasonal. Typically, the damping correction is carried out by integf,
intensities and effects from the bins nearest the radar and progre
out to the limit of the radasignal.

It is recommended, but not required, that the damping correcti
carried oubnindividual elevations and bursts in polar coordinates.

Recommended | Path Integrated Attenuation calculations are recommended, in par

methods ones that may bapplied in reatime and are stable also in relation
clutter effects.
Kraemer and Verworn developed and tested an iterative method
above which is recommended.

Alternative Cap PIA (Path Integrated Attenuatidijarrison 2000)

methods

Reference (Kramer 2008)
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6.1.3 Vertical Profile of Reflectivity (VPR) correction

Purpose VPR correction

Description The VeVaDaM stores surface precipitation, and therefore the
dimensional radar signals must be transformed to a surface precip
while taking into account the variations in reflectivity due to differer
in air density, bright banding and other effects dudeameteorologica
stratification, measured or assumed as a vertical profile of reflecti

Required The VPR correction must be carried out before data is store
Documentation | VeVaDaM The requirement is therefore to state the applied meth
methals used in a way that makes it clear to the user what qual
correction has been carried out. l.e.

1 Method used
1 Any relevant parameters
1 Reference to further information on the method

Considerations | The vertical distribution ofprecipitation (and thus reflectivity)
and background | typically norruniform. As the height of the radar beam increases
the distance from the radar location (beam elevation, earth curve
one radar burst samples from different heights even if en
horizontaly. The effects of the neaniform VPR and the differer
sampling heights need to be accounted for as we are interested
precipitation near the ground or in defined heights. VPR correc
includes the compensating for brighdnding.

Recommended | VPR corrections may be done prior to or during the 2D interpolatiq
methods

Reference (J. a. Zhang 2010)
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6.1.4 Georeferencing, gridding and resampling

Documentation

Purpose From polar scans to a regular geageferenced grid.

Description As the radars are generally rotating at a certain speed and emitting
with another frequency, two fuibtations are not generally emittir
beams at all the same angles. The data has to be gridde
georeferenced for further processing.

Required The various coordinate transformations required to arrive at a recta

2D surface precipitation field cannot be reversed, and consequent
alternative methods must be implemented from the raw radar signa

The intention irveVaDaMis to give a general description of the meth
used, so that the end user can infer any consequences for the dowr
use of that data.

Do note thatVeVaDaM requires the precipitation field to be gridded
with one of the resolutions in the DKN grid.

Considerations

and background.

The majority of the prg@rocessing described in this section (clut
blockage, attenuation, damping, etc.) is best done on the raw bean
data. It is not practical to describe all processing, as some also is gg
within the radar factory software, but please do keep the user in
when documenting this.

Recommended | The variability and applicability of different methods depend to a

methods extent on radar type and location. The recommended method
therefoe very generically described as Nearest neighbor or s
interpolation.

Alternative Any applicable methods.

methods

Reference (J. H. Zhang 2005)
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6.2 Conversion to surface precipitation

6.2.1 Z-R from reflectivity to precipitation

Documentation

Purpose Z-R conversion

Description The reflected energy from the radar burst, after noise reductior
various corrections, is a result of the amount of water droplets i
atmosphere. Hence the reflectivity measurements have to be conve
precipitation rates before applied for hydrological purposes.

Required The ZR conversion is considered to be a reversible procéésviaDaM,

although it is typically no#inear. The idea is that sufficient informati
should be included to derive the (corrected) reflectivity, and therefo
R conversion has its own group in the metadata, where the user is re
to document.

1 Method used
1 Parameter a
1 Parameterb
1 Optional Parameter c

Considerations

and background.

From the first correlations of reflectivity to drop sizes made on dyed
papers to the present disdrometer correlations the relationship be
reflectivity and precipitatiomate has remained remarkably robust.

Recommended | MarshaltPalmeri two parameter power law function Z = a & Rhis is

methods recommended sincéeVaDaM allows for a spatial adjustment to rg
gauges where spatial variability may be incorporated.

Alternative Droplet size based corrections if droplet size distributions are availg

methods

Reference (Marshall 1948)
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6.2.2 Adjustment to ground observations

Purpose

Using in-situ ground observations for adjustment of weatheradar
rainfall

Description

Rain gauges often provide accurate and reliable point measureme
rainfall. The spatial rainfall estimate provided by the radar may
adjusted to ground observations to reflect these measure
Traditionally, multiple r&n gauges have been used for the adjustmn
Other ground observations, such as disdremetand runoff
measurements caso be used

Required
Documentation

Adjustment toground observations central toveVaDaMand updating
the adjustments is expected to be one of the main uses of the data
from a simple reatime adjustment, over an improved adjustment u
several time steps, hours and days. It is also expected that bias adju
will be both mean &ld (scalar) and distributed (matrices). It is furt
expected that the adjustment to rain gaugédlisreversible by the end
user ofVeVaDaM

The required documentation of what has been applied is therefore ¢
and includes:

1 Method used

1 Any relevant parameters

1 Ground observations used (estations used

1 Reference to further information on the method

Considerations
and background.

The aim ofVeVaDaMis to achieve the best possible spatial precipita
field. Radar and rain gauges have each their strengths and weak
and it is therefore expected that the combination of the two can pr
the best of both worlds. In practice the best methodsédepends o
several factors ranging from type of precipitation, terrain, time of y
age of measurement, number and type of rain gauges etc.

Recommended | Mean field bias (daily, hourly, etc.)
methods Nearest neighbor adjustments.
Inverse distance wdiging.
Kriging.
Alternative Event based adjustmeritsgiven a clear definition of how events &
methods determined and characterized.
Reference (N. &. Thorndahl 2014)

VeVaDaM Specifications - Logical and Physical Data Model

Page 35 of 61



VeVaDaM

Version1.0

6.3 Data interpolation

6.3.1 Interpolation in time

Purpose

Interpolation in time between radar images

Description

When the horizontal propagation of a cloud system is so fast that it rf
several radar bins between image recordings it looks like the clg
jumping in time, and points on the ground may in the images expef
little precipitation because the clowghs not recorded at that locatig
Temporal interpolation is a way to alleviate this problem.

Required
Documentation

Interpolation in time may be done in several ways, and therefore f(
resulting data to be used in a suitable manner it is requireddad in the
metadata:

1 Method used
1 Any relevant parameters
1 Reference to further information on the method

Considerations
and background.

For actual usage or radar data, whether it is further data processin
a recorded rainfall for insurance puges, most often requires a tir
series at a specific location. The recording interval of the radar
obviously influence the accuracy of that time seriesnd in many case
especially localized clouursts,it is not sufficient to interpolate in th
time series itself as the maximum rainfall duration is often shorter
the measurement interval. The interpolation must therefore be done
2D spatial field to account for the displacement of the system d
advection by wind.

Recommended | Advectionbased blended forward and backward extrapolation.
methals

Alternative Advection inferred from recorded or predicted wind in the area of inte
methods

Reference (Nielsen 2014)
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7 Physical data model specifications

The physical data model implementations of the logical data @& DaMdescribed
in the preceding sections most follow those specificationaddition, br the approved
physical data models there are some additional requirements that are descowed bel

At the time of writing the only physical data model supported i&/#¥aDaM H5, i.e.
a file basedormat based on HDFb5.

This format is chosen for itaultiplatformusage, its adaptation by the ODIM group, and
in general a widsupportby a globalusergroup and accessible through libraries that are
supported in multiple programming languages.

7.1 Additional specifications for file based data models

As specified in sectiod.1the data model is designed to contain only tome step For
physical data models this imposes additional requirements to increase the usability and
management of the potentially large datasets.

7.1.1 File naming specifications
TheVeVaDIM H5 files, has to be named in a specific way. The name is comprised of:

- 4 characters long identification, which are unique for the specific.radar
- DateTime formatted a&¥ YYYMMDD HHmmss year: YYYY, month: MM, day:
DD, hour: HH, minute: mm and second: ss).

é \[Char(4)][ YYYYMMDDHHmMmss].h5
An example hereof is:
é \StRe2016110510900.h5

7.1.2 Folder structure specifications

The folder structure of the physical data model implementation follows a date based
structure of year, month and day. The structure comprises of:

- Year formattedasYYYY
- Month formattecasMM
- Day formattecas DD

€ \YYYVMM\DD\
An example hereof is:
€ \201611\05\StRe2016110910900.h5
The advantage of the physical data model is its simplicity.
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8 Tools for editing and using VeVaDaM

The VeVaDaM physical data model implementation as a HDFS5 file, ensures that there
are a number of tools readily available for creating and using these files. It is fully

encouraged to build additional tools that supporsvaDaM just as the VeVa

collaboration encouges that existing software is extended to read and write the

VeVaDaMformat.

The present version 1.0 of teVaDaM and the associated example files have been
tested in the following software.

Table4: Software packages that havedn tested witiieVaDaMexample files

Software About and usage Versions
package tested
MATLAB MATLAB is a general toolbox for working with dat; 2016b for
including analysis and presentation. windows
HDFView This package is maintained by HDF group widlgular| v.2.11 for
updates. It is possible to both view and edit files. windows
Netlibrary : This programming package is no longer being suppo| v.1.8.9
but works well for simple usage of HDF5 and is more I, _. )
HDFSDotNet level than the HDF.PInvokdoth libraries are wailable| "> ' net:4.6.]
via NuGet
Python This package is actively updated by the community arf v.2.6.0 from
package: available via Apip 1 nst |anaconda
hSpy windowsAnaconda oMiniconda are recommended] | running
Python 3.5.2.
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APPENDIX A - An Introduction to Weather Radars

Accurate estimates of the spatial and temporal distribution of precipitation
(spatiotemporal distribution) is essentir determining the correlation between
precipitation and runoff. Precise precipitation estimates can improve design and control
of stormwater drainage systems and wastewater treatment plants (WWTP) during heavy
rainfall. An optimized integrated real tin@®ntrol of stormwater drainage system and
WWTP makes it possible to utilise system capacity efficiently. Hence, it is possible to
reduce damage cost due to precipitation related flooding and reduce combined sewer
overflows to minimize the environmental iagd on recipients and ensure bathing water
quality. Furthermore, accurate precipitation estimates is vital for detailed retrospective
analyses of how a given stormwater system reacted to a given precipitation event.

By the use of weather radars, it is pbksto obtain good estimates of the precipitations
spatiotemporal distribution over a larger area. At the time of writing, it is not feasible to
obtain precipitation estimates with similar spatiotemporal resolution with other
technologies. By the use ofeather radars, it is possible to measure the precipitation
variability threedimensionally in the lower part of the atmosphere. The basic
measurement principle of all weather radars are the same, but the size of the measurement
area, accuracy and spatiofgonal resolution is depended on the given weather radar

type.

A weather radar measures precipitation by emitting an electromagnetic pulse into the
atmosphere in a given direction and elevation. When the electromagnetic pulse hits
something in the atmosplegra part of the emitted energy is reflected back towards the
radar. The radar in turn detects the reflected energy. The basic measurement principle is
illustrated inFigure3.

Zoom Zoom

Radar

Figure 3: lllustration of how an emitted electromagnetic pulse from a weather radar is reflected
by water droplets in a precipitation system in the atmospf{fdren, 2017)

Weather radars can be categorised by the electromagnetic wavelength they utilise. The
most common frequendyands utilised for lanthased civil weather radars aréb&nd,
C-band and Xband

S-band radarsuses wavelengths between ZB®cm and a frequency of2Ghz.
C-band radars uses wavelengths between 380 cm and a frequency of8dGhz.
X-band radars uses wavelengths between-835® cm and a frequency ofl2 Ghz.

These threeypes of weather radars have different advantages. Longer wavelengths will
result in less attenuation of the signal. By using S abdii@ weather radars it is possible
obtain measurement ranges up to 250 km. The disadvantages of $hand @eather
radarsare that large antennas are required, which result in high hardware, installation and
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maintenance costs. The combination of the radars large physical dimensions and long
measurement range result in slow rotation speed compared to smakerdXveather
radars. Therefore, it is often not possible to obtained the desired spatiotemporal
precipitation resolution for urban drainage applications-& min and 1krA(Schilling,

1991, Berne et al., 2004, Einfalt et al., 20T#ordahl et al, 201'By the ug of X-band
weather radars it is possible to obtain the desired resolution. Sdraeddveather radars

offer a resolution of <1 min and <0,05km

The disadvantages of-and weather radars are the increased attenuation of the signal
compared to C an8-band weather radars. This result in measurements ranges <50 km
for must Xband weather radars. The increased attenuation is due to the increased
measurement sensitivity of-and weather radars, which allow for detection of smaller
water droplets than @nd Sband weather radars. The increased sensitivity is also an
advantage for urban drainage applications since the measurement accuracy of low
intensity precipitation is increased. Due to the smaller physical sizebaih® weather
radars it is often easi to place them optimal in relation to the desired measurement area
(hydrological catchment). Furthermore, hardware, installation and maintenance costs are
significant lower for Xband weather radars compared to C amdusd weather radars.

A major challege of precipitation measurement with a weather radar is that a weather
radar, in principle, cannot distinguish precipitation and other objects in the atmosphere.
Figure4 illustrates some of the most commuaimenomenons

Sun

Attenuation

Nonuniform
vertical profile

Airplane

Anomalous beam
propagation

Bright band effe ’ Hail effects

Wet radome

Overshooting

o

Shielding [nterferen

T Sea clutter 4

Ground clutter

Figure 4: lllustration of different atmosphi&r sources which can affe the precipitation
measuredy weather radargAhm, 2017)

Figure4 i |  ustrates some of t he most common
precipitation measurementtiviweather radars. Hence, it is important to consider these
effects when installing and using a weather radar. Some of the effects illustifaitpad e

4 can be mimnized by placing the weather radar optimal in relation to the catchment of
interest. The application of weather radar for precipitation measurement is described
further in the boolRadar for Meteorologist@Rinehart, 201Q)Multiple research projects

have been conducted within the field of weather radar applications for urban hydrology.
For examplevejrradarbaseret styring af spildevandsanlaggRsmussen et al., 280
Vejrradarbaseret styring afpildevandsanleeg (Thorndahl et al., 2010 ombining C

and xband Weather Radars for Improving Precipitation Estimates over Urban Areas
(Nielsen, 2013)Combining weather radar nowcasts and numerical weather prediction
models to estimate shetdrm quantitative precipitéon and uncertaintyJensen, 2015)

and Adjustment of rainfall estimates from weathradars using imsitu stormwater
drainge sensorAhm, 2017)

VeVaDaM Specifications - Logical and Physical Data Model Page 41 of 61



VeVaDaM Version1.0

The Danish Meteorological Institute (DMI) operates fivd&hd weather radars, which
in combination covers must of Denmark. The location and coverage is illustrated in
Figure5 together with the location of the 157 active SVK rain gauges (august 2015).

Figure5: Map over Denmar k whi ¢ch -bandweatherhraglardandc at i on
the 157 active SVK rain gauges (august 2q2A5m, 2017)

The spatiotempor al resolution of DMIG&s st
every 10 minutes. However, a spatiotemporal resolution of&liDevery 5 minutes can

be provided by DMI. The Furuno WRL00 X-band weather radar utilises a shorter
wavel engt h -lbahdaveathé katabssHerce, the advantages of the MR

is a better spatiotemporal resolution and a significant smaller @hysize. The
disadvantages of the WRL0O is the significant shorter measurement rang&Q@3dm)

compar ed bandvizMHelbradarsC

Beside the direct usages of weather radar data for water utility companies, weather radar
data can result in other mhefits for society, municipalities and citizens. Weather radar
data can be used for hydrological modelling of the whole water cycle and warning
systems of potential flooding, poor road conditions or just notifications of when it is
smart to take in lawdry or bike home from work.
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