
Article

A comparative analysis between radar and human observations
of the Giant Hail Event of 30 August 2022 in Catalonia
Tomeu Rigo 1,† and Carme Farnell 2

1 Servei Meteorològic de Catalunya, Barcelona, Spain; tomeu.rigo@gencat.cat
2 Servei Meteorològic de Catalunya, Barcelona, Spain; carme.farnell@gencat.cat
* Correspondence: tomeu.rigo@gencat.cat (T.R.)
† These authors contributed equally to this work.

Abstract: Three facts characterize the hailstorm of 30 August 2022 in the Catalan village of La Bisbal 1

d’Empordà and its surroundings: first, the most dramatic, the death of a child hit by a hailstone. 2

Second, the damage to most of the roofs and cars in the town. Finally, because of the record of hail 3

size (more than 10 cm) in Catalonia in at least the last 30 years. This research focuses on the radar 4

field comparison and the observations provided by an electronic survey of the study area. The results 5

reveal that weather radar sub-estimated the hail size because of different factors. On the opposite, 6

some reporters provided an inaccurate hour. The difference of three months between the hail event 7

and the electronic survey is the probable cause of this mistake in the time estimation. However, 8

the survey delay helped to avoid answers with larger hail sizes than those provided by the official 9

spotters. 10
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1. Introduction 12

The afternoon of 30 August 2022 will remain in the memory of the inhabitants of La 13

Bisbal de l’Empordà (green pins labelled as "S1" and "S2" in Fig. 1) and the surrounding 14

villages for decades. The small town was hit by the most destructive hailstorm occurred 15

in the Iberian Peninsula in the last few years. Large hailstones of 10 cm in diameter fell 16

in a city of 11,000 inhabitants and produced much damage to the population (1 little girl 17

died, and more than 60 people were injured) and to the infrastructure (most cars and roofs 18

suffered impacts with economic losses over the 5,6 M€ [1]). The event has repercussions 19

in the meteorological community around the World (see, for instance, the report of the 20

European Severe Storm Laboratory [2]). 21

22

The cases of hailstorms in Catalonia are frequent and have led to different analyses of 23

the associated atmospheric patterns [3], campaigns for developing tools for diagnosing hail 24

in thunderstorms [4], or the implementation of nets for protecting crops in certain regions 25

[5]. Besides, [6] or [7] studied the thermodynamics associated with the different types of 26

precipitation: from liquid to large hail. However, the affected area and the hail size are the 27

first questions of interest: the area is by far to be the most usual, and on the other hand, the 28

size is much larger than the historical records, from analyses such [8] or [9]. 29

30

The combination of the radar fields with ground registers ([10] or [11]) has allowed 31

confirming the high spatial variability of the hail falls in the region of study, in a similar 32

way to other countries around the World [12], [13], [14] or [15]. In this way, field works 33

becomes a crucial tool for understanding the hail-fall nature and goes deeper into the 34

diagnosis improvement and forecasting tools [16]. One operational use of the weather 35

radar in Catalonia in recent years has been the delimitation of the area of affectation by hail 36
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Figure 1. Area hit by the hailstorm of the 30 August 2022. The green pins indicate the locations of
the three points of the field work, the orange points show the positions with information provided
thorough the electronic form, and the solid lines delimit the areas of Vertical Integrated Liquid (VIL)
from radar of 15 mm (orange), 35 mm (red) and 55 mm (purple). The top-right panel marks the area
(white rectangle) in the Europe map.
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Figure 2. Zoom to La Bisbal d’Empordà (marked with a red line) and Corçà (delimit by a blue line)
populations. The green pins correspond to the locations of the field work and the orange points mark
the positions with information provided in the form.

falls through the VIL product (see Fig. 1 and [17]). 37

38

Regarding the hail size, the largest register in Catalonia was 7 cm until the event 39

of analysis according to the bibliography [11]. However, giant hail (this is, stones with 40

diameter over 10 cm [18]) is not uncommon in the United States [19] or [20], Argentina 41

[21], and, more recently, in the Mediterranean [22] or [23]. The objective is to present the 42

comparison results between radar fields and a survey made some months later than the 43

event occurrence. The research has been made by combining the direct analysis with the 44

information provided by different sources, through the electronic survey, and from the 45

visual reports and other data given by some spotters. The final goal is to contextualize the 46

event regarding the spatial variability and the extra-ordinariness in front of other cases in 47

Catalonia, the Mediterranean Basin, or around the World. 48

49

2. Materials and Methods 50

2.1. Area of Study 51

Fig. 1 shows the area of study, which is the North-Eastern part of Catalonia (located 52

in the NE of the Iberian Peninsula). The region is known as the Empordà, marked with a 53

white rectangle in the top-right panel of the figure, and the total extent considered is 12,416 54

km2 (including a part of the sea and some neighbourhood counties). The hailstorm of 30 55

August 2022 hit a large part of the area inside the solid orange line region. 56

57

The event epicentre was La Bisbal d’Empordà and its surroundings. It is the capital of 58

the Southern Empordà county and has a population of 11,000 inhabitants. Fig. 2 shows the 59

limits of the village (in red) and of Corçà, a tiny town at the NW of the first location (the 60

limits marked in blue). This region has an area of 20 km2. 61

62

Figure 3 shows the hail swath generated using radar data, delimited by the purple 63

line. The yellow line marks the transect considered for generating the vertical prole of the 64
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Figure 3. Above: Track of the hailstorm delimited by the purple solid lines. The yellow line indicates
the section of the vertical profile of the elevation. Below: Vertical profile of the elevation.

elevation (topography), presented in the below panel of the same figure. It is possible to 65

distinguish two differentiated terrains. In the first 25 km of the trajectory, including the 66

birth of the thunderstorm, heights between 1,360 and 250 m in steep terrain. From 25 to 85 67

km (where the thunderstorm reached the coastal line), the terrain was mostly plane, with 68

elevations between 250 and 0 m, with progressive and soft downward slopes. 69

70

2.2. Data used 71

2.2.1. Radar data 72

We have used the maximum daily VIL product of the composite of the Radar Network 73

(hereafter, XRAD) of the Servei Meteorològic de Catalunya for delimiting the region of 74

interest. The XRAD consists of four C-Band single-pol radars covering the whole territory 75

of Catalonia at different vertical levels (depending on the distance to the radars and the 76

beam blockage of each part of the region). Each radar generates a full volume with a time 77

resolution of 6 minutes, the same resolution as all the different products, including the 78

composite VIL. The operative spatial resolution is 1 km X 1 km and uses the maximum 79

value of the four radars at each field pixel. However, we have used an experimental spatial 80

resolution of 150 m X 150 m. The maximum daily field is generated at the end of the day 81

using the 240 composite maps. The area of affectation estimation is similar to that in [17]. 82

In that previous study, the selected optimal VIL threshold was 20 mm, according to the 83

ground reports of affectation in crops. 84

85
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2.2.2. Form results 86

After different conversations with some spotters of the regions, the technicians of 87

the Servei Meteorològic de Catalunya impulse an online survey spread through social 88

networks. The proposed questions were: 89

(1) What are the coordinates of your location? 90

(2) At what time do you think it was the event at your location? 91

(3) What was the duration of the event? 92

(4) Which was the maximum size of the stones? 93

(5) Were all the stones regular in size? 94

It is worth noting that we delivered the form three months after the event. This de- 95

lay had two purposes: first, to reduce the exaggeration of the observations, cited in the 96

bibliography [15], [24], [25] or [26]. Of course, it is impossible to remove the bias caused 97

by the density population in this research because we searched for registers at the time of 98

the event, not those observations some hours after, when people moved to farms or small 99

villages to observe the damages in those places. The second purpose was to minimize the 100

effect on the observers caused by the damage claims to insurance and the administrations. 101

102

3. Results 103

3.1. Description of the event: a comparison between radar data and the electronic form 104

The electronic form contains 28 valid answers that provide valuable information about 105

the event. Twenty of the reports corresponded to La Bisbal de l’Empordà, allowing a very 106

detailed composition of the event for the city (reports cover practically all the districts). We 107

compared this information to the VIL composite product (for 6-minute periods and the 108

maximum daily field). The rest of the reports, more dispersed, also help to validate the 109

radar product performance in areas far from the epicentre but also with some damages. 110

This section describes the event from the point of view of the testimonies, according to their 111

comments to the different suggested questions. 112

113

3.1.1. Time of occurrence of the event 114

The first question asked was at what time did occur the hailfall. Not all the registers 115

correspond to the indicated coordinates. If we mark La Bisbal d’Empordà as the epicentre 116

of the event, we can define as the origin the coordinates of the city centre: 41.959012◦N, 117

3.037783◦E. The highest points and lowest latitudes were 17 km North and 5 km South, 118

respectively, while the extreme longitude registers were 5 km West and 10 km East. All the 119

observations are integrated into the box (see Figure 4). 120

121

Figure 5 shows the pie charts of the time of occurrence of the hail fall, according to 122

the different answers to the survey. The left panel shows the results for all the collected 123

cases, while the right focuses exclusively on the registers in the epicentre. According to 124

the radar imagery, the thunderstorm hit the area shown in the right panel of Figure 4 125

between 17.00 and 18.00 UTC (19.00 and 20.00 Local Time) and La Bisbal between 17.30 126

and 17.40 UTC (19.30 and 19.40 LT). One of the interesting points is that many observers 127

in La Bisbal provided the wrong time: only seven of the fourteen registers agree with the 128

radar observations. The difference in time between the event and the answer to the form 129

can cause the discrepancy between radar and ground. In any case, this is the most difficult 130

to answer because of the lag time, because it needs a conscience of time that is difficult 131

to apply in events as analyzed. Furthermore, the observer should provide the answer in 132

this case without any help. On the contrary, they could choose between different possible 133

responses to the rest of the questions. 134

135
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Figure 4. Left: Maximum daily VIL field (in mm) of the event. The black dots correspond to the
registers and the largest black and grey dot indicates the location of the closest radar. Below: Zoom
to the region with registers, corresponding to the black square in the left panel.

Figure 5. Left: Pie chart with the time (local time, +2 hours respect the UTC) of all the registers. Right:
The same as the left panel, but only for La Bisbal de l’Empordà cases.
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Figure 6. As the Figure 5, but for the duration of the event.

3.1.2. Duration of the event 136

The second item of interest in the survey was the duration of the hail fall (Figure 6). 137

According to many testimonies interviewed by the television reporters on the same day 138

of the event, the hail stones precipitated over La Bisbal for a very long time (some of the 139

testimonies said: "It seemed that the hail did never stop to fall, and the size increased as 140

the event evolved"). Then, the possible options were "less than 2 minutes", "between 2 and 141

5 minutes", "between 5 and 10 minutes", and "more than 10 minutes". 142

143

The event duration shows interesting information if we deepen the results. First, 144

the case of reduced duration (less than 2 minutes) occurred far from the epicentre, the 145

same that most of the observations of short duration (between 2 and 5 minutes). Only 146

one testimony of the epicentre area provided one of the seven answers of short duration. 147

Then, the percentage of cases of the short duration category moves from 23.3% (all reg- 148

isters) to only a 5% (La Bisbal registers). On the contrary, the percentage of registers of 149

the category of long duration (between 5 and 10 minutes) increases from 53.3% of the 150

whole area to 70% of the epicentre. Similar behaviour occurs with a very long duration cate- 151

gory: all the cases were provided by La Bisbal testimonies, with a change from 13.3% to 20%. 152

153

The previous values agree with the radar fields, which indicate that the thunderstorm 154

core crossed la Bisbal in the mature stage. On the contrary, the central part of the storm 155

partially hit other populations or when it was in a less active phase. Searching for some 156

comparable values in the bibliography, we only found the data provided by [27] for the SW 157

of France, who indicated values between 2 and 45 minutes, with a mean duration of 11.5 158

minutes (but for stones of less than 2 cm of diameter), or by [28] for Switzerland, with 9 159

cases between 6 and 25 minutes of duration. Then, these results provide a first approach to 160

the giant hail case duration. 161

162

3.1.3. Maximum size of the stones and homogeneity 163

We have merged two questions (which was the maximum size of the stones? and 164

"Were the stones of similar size?") in the same item: which was the behaviour of the hailfall? 165

Besides asking for some testimonies during the fieldwork, we realized that other points 166

were also important. One of them was how the event evolved. In all the reports, the 167

description was the same: the episode started with large hailstones falling separated in 168
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Figure 7. As the Figure 5, but for the maximum size of the stones.

time (some seconds) and space (about ten meters), passing to frequencies of less than one 169

second and very close stones in the mid-part of the event. Besides, the hailfall was mostly 170

dry (without liquid rainfall), except at the end. 171

172

Moving to the maximum size, Figure 7 summarizes the differences between all the 173

regions and the focus on the epicentre. In the second case, there are only registers over 174

4 cm, but 65% of the testimonies indicated that larger hail stones exceeded the diameter 175

of 8 cm. On the contrary, 20% of the cases in the total area had maximum sizes below 4 176

cm (including La Bisbal values). Then, we can affirm that existed a homogeneity in the 177

occurrence of giant hail in the event epicentre, but this disappeared as the storm was far 178

from La Bisbal. However, this point is different to the question about the variability of 179

the size of the stones at a location (are all of them of a similar size at that point during 180

all the events?). Only two testimonies of La Bisbal and two others from the rest of the 181

area answered positively to that question. Surprisingly, in the case of the epicentre, both 182

observers reported sizes of more than 8 cm (then, they affirmed that hail was of that size 183

during the event), while in the other two cases, the maximum hail reported was of less than 184

one and between 2 and 4 cm, respectively. In any case, most of the testimonies confirmed 185

the heterogeneity of the stones’ size, agreeing with the previous analysis, as [29]. 186

187

3.2. Map of maximum size 188

Following the research done in [11], we have tried to estimate the field of the maximum 189

size of the stones, combining the radar information and the ground registers. The combi- 190

nation technique consists of geo-statistical methods, in which the radar field provides the 191

shape of the new map while the reports give quantitative information. As in the previous 192

research, the universal co-kriging is the selected interpolation technique. 193

194

In the previous analysis, the radar field that fitted better was the VIL. However, there 195

is a coherence lack of the product concerning the ground registers, looking to Figure 4. 196

The values in the epicentre (hail diameter larger than 8 cm) are lower than 40 mm, while 197

in other regions with lower values of the hail size, the VIL exceeds 55 mm (Figure 8). 198

The causes of these anomalies are: first, the distance of most of the radars to the area of 199

interest (more than 100 km except for PDA -Puig d’Arques- radar), making their contri- 200

bution poor. Second, the thunderstorm moved quasi-perpendicular to the PDA radar, 201

affecting the higher levels when the cloud was too close to the radar (less than 20 km). 202
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These first two causes are associated with the same product configuration, which is highly 203

dependent on the vertical profile of reflectivity at each point [30]. Then, Finally, the at- 204

tenuation of the radar signal caused by the large hail, agreeing with the observations of [31]. 205

206

To minimize the previous limitations, and following the proposal of [11], we have 207

selected the maximum reflectivity field as the radar predictor field. In this case, the maxim 208

daily map (Figure 9) and the boxplots (bottom panel of Figure 8) are more coherent with 209

the ground registers. This coherence appears in the epicentre of the event, where the values 210

of the reflectivity are more in agreement with the ground observations than VIL, and with 211

the evolution of the boxplot categories: the larger hail stone registers (8 cm) presented at 212

least similar values than other categories (2-4 cm or 4-8 cm). 213

214

Figure 10 presents the results of applying the Universal Co-Krigging technique. The 215

top panels (a and b) show the results for the event epicentre, using as predictors the VIL 216

and the maximum reflectivity, respectively. The first radar product cannot reproduce the 217

nature of the hailfall, reducing the area of giant hail (A5) to the event epicentre (La Bisbal). 218

On the contrary, the area with large hailstones over 8 cm estimated using maximum reflec- 219

tivity seems over-sizing, according to the ground observations. Similar behaviour occurs 220

for the total hit area (panels c and d), with a sub-estimation for the VIL product and an 221

over-estimation for maximum reflectivity. However, both fields allow the understanding of 222

the nature of the hail-swath and can help to identify areas of affectation of different nature 223

(e.g. in pine forest [32]). 224

225

3.3. Comparison between observations and radar fields 226

The last part of the research compared the information provided by the two sources: 227

direct observations from the electronic survey, and the VIL radar field, over the locations 228

of the ground registers. We first studied the differences between the time provided by 229

the observers and the one when VIL was not null over the same point. In this case, the 230

radar acted as the observation. Second, we have compared the VIL values over the location 231

and the maximum size observed at the ground. Here the reports have been considered as 232

ground truth. Before introducing the analysis, it is worth considering the different issues 233

that could affect the results: 234

• the survey was made three months later, affecting the memory capacity of the contrib- 235

utors, in special at the time of occurrence. However, this lag helped to minimize the 236

effect of exaggeration of the hail size. 237

• VIL radar product was affected by different constraints presented previously: signal 238

attenuation and distance of the hailstorm to the radars, among others. 239

Figure 11 shows three examples of the different behaviours observed concerning the 240

time lag between the survey and the radar: (top) a case when the observation (cyan rectan- 241

gle) in the survey was before the real-time occurrence (based on the radar information); 242

(centre) an example where the survey register and the radar field are simultaneous; (below) 243

the time observer was delayed respect on the radar data. These differences are mainly due 244

to the time between the event and the survey. The VIL percentiles (25 in blue, 50 in yellow, 245

75 in orange, 90 in red and max in purple) were estimated from all the pixels surrounding 246

the coordinates provided by the observer in a radius of 2.5 km. The right column presents 247

the location of the survey observations for each case (cyan point in the centre of each map). 248

The top and bottom panels correspond to observations close in space, but one provided a 249

30-minute advanced time, while the other gave a 30-minute delayed time. 250

251

Tables 1 and 2 summarize the two points of interest. The first shows the difference 252

between the survey estimation of the time of occurrence and the radar data. We have 253

considered the three options: advanced, synchronized, and delayed. 12 of the 20 valid 254

observations (60%) were in time, indicating that most observers remembered the event 255

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 May 2023                   doi:10.20944/preprints202305.1987.v1

https://doi.org/10.20944/preprints202305.1987.v1


10 of 15

Figure 8. Boxplot of the different sizes for the VIL (above) and the maximum reflectivity (below)
daily fields.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 May 2023                   doi:10.20944/preprints202305.1987.v1

https://doi.org/10.20944/preprints202305.1987.v1


11 of 15

Figure 9. As the Figure 4, but for the maximum reflectivity.

Figure 10. Maximum hail size field obtained from Universal Co-Krigging: (a) Using VIL for the
epicenter; (b) Using Maximum reflectivity for the epicenter; (c) as (a) for the full area; (d) as (b) for
the full area. A0 indicates "No hail", A1 "hail ≤1 cm", A2 "hail 1-2 cm", A3 "hail 2-4 cm", A4 "hail 4-8
cm", and A5 "hail ≥8 cm".
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Figure 11. Different behaviors between VIL and the electronic survey. Left column: VIL evolution of
the percentiles 25, 50, 75 and 90, and the maximum over the location (cyan point on the right column
maps). The cyan rectangles indicate the hail time (provided by the survey). The size and the duration
are shown below the X-axis label "Time (UTC)". Right column: Maps showing the maximum daily
VIL field in the surrounding of each observation. Top: the survey indicated that the event occurred
before the real time. Middle: a case of simultaneity. Below: a case of delay of the observation.
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Advanced Synchronized Delayed
N cases 6 (4) 12 (8) 2 (2)

Table 1. Number of cases of each behavior time of observation (survey) respecting on the real-time
(weather radar). The numbers in the parentheses indicate the cases in the Epicenter.

Underrated Right Overrated
N cases 13 (13) 4 (1) 3 (0)

Table 2. Number of cases of each behavior size of observation (weather radar) respecting on the real
size (survey). The numbers in the parentheses indicate the cases in the Epicenter.

evolution. From the out-of-time registers, most of them were ahead of time (6, a 30% of 256

the total), with a mean difference of 33 minutes. On the opposite, only 2 (10%) cases were 257

delayed, with a mean difference of 10 minutes (clearly lower than the advanced cases). 258

This behaviour had similitude with the one for the epicentre region, but the time error was 259

larger than the global. 260

261

About the capability of a good size estimation through the VIL evolution, the previous 262

section showed the limitations of the radar product. In the same way, table 2 confirms 263

the same performance for the individual observations. The underrating is clear for all the 264

cases except one in the epicentre (13 of 14, which is a 65% of the total). On the contrary, 265

the behaviour is quite good (3 right performances and three overrating) for the rest of the 266

regions, where the observations were lower (from less than 1 cm to between 4 and 8 cm). 267

This fact confirms that the C-Band has high limitations in the cases of giant (and even large) 268

hail because of the beam signal attenuation. Besides, the proximity of the radar was not 269

enough to minimize limitations. 270

271

4. Discussion 272

This research has focused on comparing two different data sources to determine their 273

ability to explain some characteristics of the giant hail event of 30 August 2022 in La Bisbal 274

d’Empordà (NE of Catalonia). The data sources are the results of an electronic survey, on 275

the one hand. On the other hand, the maximum daily reflectivity and VIL composite radar 276

parameters, with a spatial resolution of 150 m X 150 m and a time resolution of 6 minutes. 277

We made the e-survey three months after the event to avoid the hail size exaggeration, 278

which is one of the issues from direct visual estimations [33]. The questions included in the 279

survey were: 280

281

• Can you provide the exact location where did you live at the event? 282

• What was the time of occurrence of the event? 283

• How much time did it last? 284

• Which was the maximum size observed? 285

• Were all the stones similar in size? 286

The results of the survey seem of high quality, except for the point of the time of occurrence. 287

The comparison with the evolution of the radar fields shows how some observers provided 288

an advanced time (∼35 minutes on average) while others gave delayed times (∼10 minutes 289

on average). On the opposite, sizes were quite consistent with the evolution of the episode 290

and the data provided by the official spotters of the SMC. 291

292

On the other hand, the radar fields (VIL and maximum reflectivity) allowed us to de- 293

termine the temporal evolution of the event over each location but, on the contrary, suffered 294

limitations in the size estimation. The fact that the sizes were more than 8 cm in a lot of 295

places and the proximity to one of the C-band single-pol radars (which cannot contribute 296
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to a part of the event because the radar volume was limited) agree with previous research 297

[18], [30], or [31]. Because of these limitations, it was impossible to reproduce an estimated 298

field combining both sources through geostatistical analysis (Universal Co-Kriging) in a 299

similar way that the used in Catalonia for previous events [11]. 300

301

5. Conclusions 302

To sum up, the main conclusions of the analysis have been: 303

• The combination of observational data provided using e-survey and some radar fields 304

allows a better understanding of different elements of the evolution of a giant hail 305

event, 306

• The observations at the ground gave a better estimation of the size, 307

• The weather radar helps to have a better understanding of the evolution, 308

• However, it was not possible to generate a maximum hail size field combining both 309

data because of the limitations of the weather radar in this type of giant hail size. 310
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