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1. Introduction

In 1991 the Basque Service of Meteorology (BasqaeeBment) began the deployment of an automati¢heeatation
(AWS) network. Priority was given to the real timmbservation of water surface level of the rivetssinoted that flood
return periods are quite small in most of the skargth hydrologic basins of the Basque Countrgeeglly those oriented
to the Cantabrian sea (Egafia et al 2009, 20103e3iren, technological innovations and meteorokdgidfrastructure have
undergone tremendous transformations in the Ba€gumitry area. Different actions in Basque Goverrtrhew focused in
improving hydrometeorological instrumentation arbervation capabilities and also to incorporateratenal surveillance
and forecast capabilities. In 2003 the Basque Metegy Agency (Euskalmet) was founded in order ¢b as a regional
hydrometeorological service, dealing among otheth early detection of flash flood event and theuance of warnings
(Gaztelumendi et al 2003, Hernandez et al 2003 a@weAlda et al 2003). The installation of Kapildadar is an important
step in this process (Aranda et al 2006, Gazteldineinal 2006a). This radar is a METEOR 1500 Dopjleather Radar
with Dual polarization capabilities. Based on a $€tgpn transmitter system, it operates in C-bandueacy and uses the
advanced signal processing environment.

In this context and during those years we have Idped different protocols, procedures and tools Euskalmet
operations, including monitoring and surveillannesevere weather scenarios (Egafia et al 2008, Z@8elumendi et al
2006 b, c, Hernandez et al 2010, Maruri et al 20D&je et al 2011). Recently, we have developedva system that
considers real-time weather data coming from AWSwvokk and other sources, helping us in the warrpmgcess.
Furthermore, the software has a module that integnadar data for different purposes. The ainhisfpaper is to describe
the methodological aspects involved in the genemati such radar based warning product.

2. System description

The system is developed with the final objectivddetome fully operational rainfall/flash-floods lgawarning system. By
now, we are focusing on storm environment and silaxee of heavy rainfall and strong wind gustsisTéystem presents a
friendly graphical user interface, it is based eal time check and continuous monitorization ofilatée information (fig 1).
Some functions are included in order to consideesiholds or criteria surpass efficiently, tools f@lidation and report
elaboration are also integrated. This applicat®mleveloped in C #, Microsoft. NET (OOP) using tlevelopment tool
Visual Studio 2010 SP1, and by now runs on Windemsronment.

Screen displays are map-based and use colour @dkgatterns to focus on real time rain locatiod arensity
information (fig 2). Continuous monitoring is based the analysis of different meteorological dagaeived in real time
from different available sources in Basque Courltmyparticular, Radar, Meteosat and Automatic WeaBtations network
are widely used. Automatic checks for the predefindgteria are done in real time for precipitatiovind or reflectivity.
Once detected a risky region, the program beepsitn Euskalmet staff on duty in order to proceerbading to established
procedures in potential severe weather scenarits ififormation can be validated by an expert rgyon a series of
graphical tools that include, among others, diffiereadar information (figs. 2). In particular, iregipitation chart, a
visualization of reflectivity value for nearest plixis included (fig 2). All the generated infornmatiis stored for later
analysis. The system operates in a pre-operatidenmEuskalmet office.
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Fig. 1: System GUI example.
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Fig. 2: Example of system software graphic toais|uding pixel reflectivity plots and common raaaaps for validation.

3. Radar module.

Radar information is used in the system in differgays. On the one hand, radar products are alaiialihe system for
consistency and validation purposes. On the othad hfor real time surveillance we have developedodule in order to
improve the detection and monitoring of risky sitolas associated with convection.

The input of the detection and warning functiom iBCAPPI image (2 km, 100 km range). Specificétlis a Rainbow®
(GEMATRONIK) file corresponding to the decompresadary part of the product. In order to avoid gesig erroneous
warning areas, the image is processed by applystgtee mask of the ground clutter (Maruri et al@p

The output product is a second-level product whiclpplied on the PCAPPI 2 km (dBZ). The identifica of risk
regions, potentially flash flood precursors, isdzhen a series of predetermined criteria. It hamlestablished as a potential
warning an area with a minimum diameter of 5 knmthwi0% of its pixels exceeding 45 dBZ (Table 1)islta common
procedure widely used for the identification of eective cells (e.g. Rainbow® by Gematronik).

Threshold Reflectivity to be exceeded 45 dBZ
Fill Factor Minimum fill factor for warning area 5%
Diameter Minimum diameter of the warning area 5 km

Table 1: Warning parameters.
3.1. The identification function

The identification function creates a mask from tr@inal image, detecting those convective systémas meet the
requirements detailed above. The body of this foncis composed by a routine written in IDL® langaa(Exelis Visual
Information Solutions) named “blob_analyzer_routing-anning Software Consulting, Inc.), with the appriate
modifications to adapt it to our needs. The purpafadis routine is to create a system for analyziegions of interest inside
images (ROIs), also known as “blobs”. In particulgiven a radar image, the program will automaljcag¢lect blobs and
capture their properties (Table 2).

M ethods Purpose
NumberOfBlobs| Returns the number of blob identifiethe image
Getlndices Returns the indices of a particular blob
GetStat Returns a data structure with the stagisti@ particular blob
FitEllipse Fits an ellipse to the blob
ReportStats Reports the statistics of each blobdan the image

Table 2. Blob analyzer methods

The first step in detecting blobs is to preparénaty image, in which pixels that meet the firshdition (reflectivity to be
exceeded) are selected. Then, “label_region” fonctonsecutively labels all regions or blobs of -fumensional image
with a unique index, obtained by the density fumttiThe latter is returned by the “histogram” fumet that is, the function
returns an array containing a list of the origiaedy subscripts that contributed to each histogsamThis list, commonly
called the reverse index list, efficiently deterasrwhich array elements are accumulated in a deistifgram bin. All this
process is known dsob coloring The process continues by analyzing the othempetexrs for warning: diameter parameter
control and fill factor parameter control (Fig Bpr that purpose, some statistics of each blolused (Table 3).
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Fig. 3: Original data (PCAPPI >10 dBZ) (upper lefthask image with pixels greater than thresholdpgnright); image of
unigue regions from “Label_Region” function (bottdeft); ellipse mask for minimum diameter andffilttor (bottom
right). Date: 2009/07/01 14:50.

Output keyword Description

Index the index number of this blob

Count the number of indices in this blob
Perimeter_Pts a [2,n] array of points that desdtileeblob perimeter
Pixel_Area the area as calculated by pixels irbtbb
Perimeter_Area the area as calculated by the ddmpter

Center the [x,y] array that identifies the centrofdhe blob
Perimeter_Lengthl the perimeter length

Scale the [xscale, yscale] array used in scaling
Mincol the minimum column index in the blob

Maxcol the maximum column index in the blob

Minrow the minimum row index in the blob

Maxrow the maximum row index in the blob

Table 3. Data structure with the statistics of atjzalar blob
3.2. Reports and Visualization.

The blob analyzer contains a method responsiblerdporting the statistics of each blob found in thmage. This
information is dumped to a text file, with diffeteields (Table 4).

Index | D number
LON/LAT | Geographical coordinates of the centroid
N° pixels Number of cells that are part of the blob
Area Blob surface calculated from the number dicel
Perimeter Lenght of the perimeter
dBZ Med | Average of the reflectivities
dBZ_Max | Maximum reflectivity
dBZ vza Variance of the reflectivity
Max axis Length of the mayor axis of the ellipgéefi to the blob
Min axis Length of the minor axis of the ellips&dd to the blob
Angle Orientation of the ellipse fitted to the blob
Comarca Name of the region where is located the@emof the blob

Table 4: blob statistics fields

The application results are shown as a PCAPPI imagkiding colour palette, background image andtlboundaries.
The image fusion, with original PCAPPI productperformed using RGBA space, adding the alpha chdtra@sparency)
to the original RGB space. The detected blobs epeesented on the image with their fitted ellipdeég 4). The centroid
index is also included in its position. The finahaposition is stored in a graphics file format.
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Kapildui Offline

t75.0 dBZ
£70.0 dBZ
 65.0 dBZ
 60.0 dBZ
155.0 dBZ
#50.0 dBZ
+45.0 dBZ
+40.0 dBZ

+35.0 dBZ
$30.0 dBZ
+25.0 dBZ
120.0 dBZ
+15.0 dBZ
»10.0 dBZ

Pdf File: 100km_2km.cappi
Clutter Filter: Doppler Num 8 to 9
Time sampling:38

PRF: 900 Hz / 675 Hz
Range: 100 km

Resolution:  0.250 km/pixel
Height: 2.000 km

Alg type: PCAPPI

CAPP| Range: 1 km to 343 km

Fig. 4: Example images of warning product. Imagesespond to hail storms. Dates: 2006/07/04 14:2&), 2009/07/01
14:50 (centre), 2011/05/30 14:00 (right) (note tktaé static mask of the ground clutter was not apee yet).

4. Summary and conclusions

Basque Meteorology Agency (Euskalmet) respongiiliinclude issuing severe weather warnings (Garkehdi et al
2011). In this sense, the project first establishtssnal criteria and thresholds for detectioheévy rain episodes based on
data from Kapildui radar reflectivity. The warningse visible to the user at two different levelsthe risky areas are
displayed together with the PCAPPI product; iiuangnary of risky areas properties are written iex file.

The module of identification of risky regions froradar data, potentially flash flood precursorswigtten in a fourth
generation programming language, well suited tataligorocessing of images. This allows some flditibito develop
operational software for monitoring and nowcasting.

Pre-operational system is a first step in the dgeknt of a rainfall early warning system. All thestem, including the
radar module, must be checked with more detailediest on severe weather scenarios. In the futurevielefine other
criteria based on different radar products in otdeimprove the system and complement the infoimnatibtained in real-
time from the AWS network.
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