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Rolf (named by Freie Universität - Berlin) formed on 4 November 2011 as an 

extratropical cyclone. On 7 November, the cyclone lost its frontal characteristics, and 

transitioned into a subtropical, then a tropical cyclone. Rolf caused heavy rains in the 

coastal and mountainous area of Italy and France and produced hurricane-force wind 

gusts in the coastline. 
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Synoptic history 

On 29 October, an extratropical low developed just east of North Carolina. The low 

profited the tropical moisture from Hurricane Rina which was left over the northern 

Caribbean Sea and southern Gulf of Mexico, and spread to north in the cyclone’s warm 

sector. Thanks to this, the cyclone had a very strong warm conveyor belt. The cyclone also 

induced strong cold air advection from north, and it deepened very fast as travelled across the 

Atlantic Ocean. Early on 31 October, the central pressure fell under 980 hPa from the earlier 

1005-1010 hPa. On 3 November, the cyclone approached the British Isles with central 

pressure between 960 and 965 hPa. Its elongated cold front with the remaining tropical origin 

warm conveyor belt reached the Iberian Peninsula on 2 November, where the front slowed 

down. 

By midday of 4 November, a secondary extratropical cyclone developed along the 

cold front over the eastern edge of the Iberian Peninsula. This cyclone got the name ‘Rolf’ 

from the Freie Universität (Berlin). According to the UK Met Office analysis, the initial 

central pressure of the low was 996 hPa, and this did not change so much on the next 2 days. 

In this period, the cyclone moved over the western Mediterranean Sea, and remained nearly 

stationary thereafter. It produced heavy rains and thunderstorms along its cold front and many 

convergence zones in East Spain, the Baleares, South France and Italy. Mainly in the 

mountainous region of the Southern Alps it fell 100-300 mm rain within 2 days. 

On 7 November, Rolf’s frontal structure started to dissipate, and moderate-to-strong 

convection began in the center. The sea surface temperature was near 21 °C under the cyclone 

at this time. The NOAA Satellite Analysis Branch (SAB) classified the cyclone as a 

subtropical storm at 1200 UTC, first ever in case of a medicane. In the evening hours, the 

convection became more frequent and organized. By 1800 UTC, a central dense overcast 

formed with well-defined spiral bands on the east-northeast and west side of the cyclone 

(Fig. 3). This indicated the translation to a tropical cyclone, which the NOAA SAB also 

confirmed at this time. At night, Rolf continued to strengthen, and its structure also became 

better with even more organized spiral rainbands and expanding upper-level outflow over it 

(Fig. 4). However, on 8 November, the cyclone’s structure deteriorated a bit as the convection 

weakened and displaced to the eastern side of the cyclone. In addition, the mid and low-level 

center became a bit tilted with height. By evening, the convection once more became a bit 

deeper, and it wrapped around the center (Fig. 5). At this time, Rolf again caused heavy rains 
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in the Southern Alpine region. According to the surface data, the cyclone peaked around 

1800 UTC as a strong tropical storm with hurricane-force wind gusts in the French riviera. 

Thanks to the cooler, 18-19 °C water and the approaching dryer and more stable air from 

west, Rolf started to weaken quickly after its peak. The deeper convection fully dissipated 

shortly after 0000 UTC 9 November, and in daytime only shallow thunderstorms redeveloped 

near the center. The surface wind data in the coastline still indicated that the cyclone remained 

tropical storm until 13-1400 UTC 9 November, however, at this time the tropical storm force 

winds concentrated to only a small area on the eastern side of the cyclone. Rolf made landfall 

around 1430 UTC near Le Grau-du-Roi in South France. Some hours later, the remaining 

convection and the low dissipated over land. 

Meteorological statistics 

Available data from the cyclone include surface weather data (Tabl. 2), satellite-based 

Dvorak technique intensity estimates from the Satellite Analysis Branch (SAB) and satellite 

wind measurements from ASCAT-A sensor (Fig. 6). A few ship reports were also accessible 

(Tabl. 3), and there were eye-witness reports from the damages and storm surges too. 

Winds and pressure 

While the cyclone spends most of its lifetime over water, there was no accurate central 

pressure data for it. The estimated data originated from UK Met Office analysis, except the 

peak intensity central pressure data on 8 October 1800 UTC and the next 2 estimation. These 

were modified based on Hess (1959) method for tropical cyclone’s central pressure estimation 

from the available pressure and wind data around it. The only available central pressure data 

was 1012.7 hPa in Le Grau-du-Roi shortly after the landfall. The difference between 

estimated central pressure data and some observed pressure data in the coastline indicate that 

the pressure gradient became more frequent after the cyclone became tropical. 

The winds were good estimated by surface observations and ASCAT-A data. When 

Rolf formed on 4 November as an extratropical cyclone, the wind speeds were near tropical 

storm force. But on late afternoon, some station in North Corsica reported sustained (10 min) 

winds well above 65 km/h. The highest sustained winds were 83 km/h with gust to 122 km/h 

in Ersa – Cap Corse. At the evening hours, the maximum winds were around 65 km/h in 

North Corsica, South Sicily and West Sardinia. On 5 November, Rolf gradually intensified. 

Around 16-1700 UTC, two coastal station in South France, Ile du Levant and Ramatuelle – 
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Cap Camarat reported sustained winds of 89 and 96 km/h with gust to 126 and 141 km/h. An 

ASCAT-A pass also showed winds of 40-45 kt (75-80 km/h) in this area over the Sea at 

2102 UTC. The winds however lessened quickly after that, and they were around, then below 

tropical storm strength until 7 November. 

On 7 November, Rolf re-strengthened when it transformed to subtropical, then tropical 

cyclone. On this day and on 8 November, there were four useful ASCAT-A passes. The late 

morning pass on 7 November, in line with the surface data indicated that the wind speeds 

were still below tropical storm strength. The first station that reported winds above 65 km/h 

was Ile de Porquerolles in South France at 1500 UTC. Since the cyclone was far from this 

place in this time, it estimated that the cyclone reach tropical storm strength at 1200 UTC, 

when it became subtropical in agreement with NOAA SAB classification. At 1800 UTC, 

when Rolf got tropical classification, the coastal stations Ile du Levant and Ramatuelle – Cap 

Camarat measured sustained winds of 85 km/h with gust up to around 110 km/h. At 

2100 UTC, Dutch ship ‘Rotterdam’ reported winds of 38 kt (70 km/h) near the storm’s center, 

on the northeast side, with pressure of 1005.0 hPa. The partial ASCAT-A pass at 20:20 UTC 

also showed some 35 kt (65 km/h) wind vectors on the northwest side of the cyclone. 

Therefore, the 1800 UTC intensity estimated 75 km/h. At night, Rolf strengthened a bit more 

so the 0000 UTC winds were 85 km/h, in line with the surface observations and NOAA SAB 

estimate. Early morning on 8 November, Rolf weakened slightly as the convection became 

more disorganized. But in the daytime, the cyclone started to re-intensify, as heavy 

convection fired up on the north and east side of it. Although the NOAA SAB estimate was 

lower at 1200 UTC then at 0600 UTC, an ASCAT-A pass at 1018 UTC showed 50 kt 

(95 km/h) wind vectors just northeast of the cyclone’s center, and the surface wind data also 

become higher than 6 hours earlier. Rolf peaked at 1800 UTC with winds of 100 km/h. 

Around this time meteorological stations in South France reported sustained winds between 

83 and 104 km/h with wind gusts between 132 and 144 km/h. The NOAA SAB estimate also 

went back to the earlier 83 km/h value. At 2000 UTC, the ASCAT-A measured winds of 45 kt 

(85 km/h). 

Shortly after its peak, Rolf started to weaken, as its structure collapsed fast. Around 

0000 UTC on 9 November, the highest surface winds were around 90-95 km/h, but the 

NOAA SAB classification was only 65 km/h. This intensity estimate decreased down to 

46 km/h at 0600 UTC and too weak at 1200 UTC, however two meteorological stations on the 

coastline near Marseille: La Ciotat – Bec de l’Aigle  and Martigues – Cap Couronne reported 
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winds still around 60-80 km/h of the morning and early afternoon hours. On the firstly 

mentioned station the winds re-strengthened near 1200 UTC. At 1000 UTC, it measured 

maximum sustained winds of 93 km/h with wind gust to 122 km/h. The winds however 

weakened quickly after 1200 UTC, and when Rolf made landfall around 1430 UTC, there 

were no tropical storm sustained wind measurements. The highest sustained wind at this time 

was 52 km/h with gust to 82 km/h in Martigues – Cap Couronne, so the estimated landfall 

intensity was 55 km/h. The cyclone continued the rapidly weakening over South France and at 

1800 UTC was only a weak tropical depression with winds of 30 km/h. In the mountainous 

region of South France although occurred tropical storm force wind gusts. Shortly after, the 

surface circulation dissipated. 

Rainfall 

Rolf produced a huge amount of rain in North-Central Italy and South France 

(Tabl. 4). The most of rain fell in the mountainous areas of these countries. The rainfall had 

two intensive periods: one during the cyclone’s extratropical stage, and another but weaker 

during its tropical stage. In the first term between 3 and 6 November, in many places fell 100-

400 mm rain. In smaller areas and in the mountains where very heavy thunderstorms 

occurred, the amount of rain reached 100-250 mm only during a day. These thunderstorms 

caused local flash floods in the affected areas. During the subtropical and tropical stage of 

Rolf between 7 and 9 November, it fell mostly 50-200 mm rain, but since the cyclone became 

smaller, on the areas that were no longer affected measured only 20-50 mm precipitation. In 

the second – subtropical and tropical – period, the cyclone produced the most rainfall on the 

earlier mentioned South France coastal station Ile du Levant, where reported rain of 178.4 mm 

in these three days. 

Storm surge 

Rolf caused large surge near the coastline of South France and North Italy. Lion Buoy 

(61002) measured dominant wave height around 4-4.5 m with period of 8-9 sec during the 

night on 7 to 8 November, northwest of Rolf’s center. Nice Buoy (61001) also reported 

dominant wave height between 3-4 m with same period in the late morning and afternoon 

hours on 8 November, farther northeast of the cyclone’s center. Some video from Nice also 

confirmed the huge waves that caused minimal coastal flooding in the city. 
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Reanalysis data 

Rolf had been analyzed by ECMWF high-resolution and Eumetrain ECMWF re-

analysis data. The examined parameters were 300 hPa divergence and winds (Fig. 7), 925 hPa 

geopotential and 850 hPa vertical speed (Fig. 8), 850 hPa equivalent potential temperature and 

wind (Fig. 9), 500-1000 hPa thickness and 850 hPa relative vorticity (Fig. 10), 200-1000 hPa 

thickness and 300 hPa potential vorticity (Fig. 11) and vertical cross-sections of potential 

vorticity (Fig. 12). The analysis expanded from 0000 UTC 4 November to 2100 UTC 

9 November. However, only two images are listed here: the first one is at 1800 UTC 

5 November, when Rolf was extratropical, and the second one at 1500 UTC 8 November, 

when Rolf was tropical and nearly reached its peak intensity. An animation of all reanalysis 

maps is available here: https://www.youtube.com/watch?v=_lmxO2NzQlM On the Eumetrain 

homepage also were available vertical sections from the cyclone at 1200 UTC 8 November, 

nearly Rolf’s peak. From these, it was examined the equipotential temperature, the 

temperature advection, the wind field (Fig. 13), and the convergence and divergence (Fig. 14). 

On 4 and 5 November, in the extratropical stage of the cyclone the 300 hPa wind field 

showed well the upper-level cut-off low, and the 500-1000 hPa and the 200-1000 hPa 

thickness presented the strong cold. At this time, the lower thickness values were in the center 

of the cyclone, and significant cold advection occurred from west to east along the West 

Mediterranean and North Africa. On 6 November, an occlusion head came off from the main 

frontal zone, and it became a warm-core convective system. At this time, the frontal zone also 

started to weaken, as the cold front reached the Italian Peninsula, but the cold advection 

behind it became less strong. On 7 November, the frontal boundary lost its identity, only a 

waving, stationary part left between Tunisia and Sicily. Along with this, the cyclone’s center 

warmed further, and the previous large upper-level cold-core system separated into three 

small upper-level lows around it. One of the two stronger moved through over North Italy and 

the Alps, and reached France on 8 November. The second stronger one travelled across North 

Africa and Sardinia, before reached Italy also on 8 November. The third, weaker upper-level 

low moved behind it from Spain through the Balearic Islands and Sardinia. 

  

https://www.youtube.com/watch?v=_lmxO2NzQlM
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The thickness maps indicated that Rolf had well-defined warm core on 8 and 

9 November, until the cyclone made landfall. The 500-1000 hPa maps showed 5-6 and the 

200-1000 hPa 7-8 closed thickness contour (with 10 m steps), so the difference between inner 

maximum and last closed thickness contour were around 50-80 m. This indicated that Rolf’s 

core was at least 3-4 °C warmer than the surrounding air. 

The 850 hPa relative vorticity, the 300 hPa potential vorticity and the 300 hPa 

divergence also showed well the transition. In the frontal stage, Rolf had a potent jet stream 

with maximum 300 hPa winds around 60-70 m/s. This jet streak caused strong divergence on 

its left exit region, with 4-5 × 10-4 1/s values in some places. On 5 November, the jet branched 

two parts. One moved toward South Italy, and one leaned back toward France and Spain. This 

process also indicated more divergence, directly above the cold front. In this time, the 

850 hPa relative vorticity raised to about 7-8 × 10-4 1/s along the front, and these effects 

produces strong thunderstorm activity in the around the frontal zone. Later, as the frontal 

structure weakened, the vorticity and the upper divergence became less-defined. When the 

main upper-level low separated into the earlier mentioned three smaller lows, they increased 

the divergence directly over Rolf. And the 850 hPa vorticity also concentrated increasingly to 

the cyclone’s center, and became greater. Late on 7 November and early on 8 November, a 

smaller and weaker jet streak passed next to the cyclone, associated with the southern strong 

upper-level low that moved toward Sardinia and Italy. This strong upper-level winds however 

not influenced the cyclone; moreover, the upper-level low caused more divergence over and 

east of it. On 9 November, the upper-level divergence weakened significantly as the upper-

level lows moved away from the cyclone, but the 850 hPa vorticity field remained strong and 

compact until the landfall. The 300 hPa potential vorticity showed the typical appearance: it 

was strong and widespread in the cyclone’s extratropical stage, but later it concentrated 

around the upper-level lows. According to the vertical crosses, Rolf developed an isolated 

low-level potential vorticity tower around itself when it became tropical; however with 

relatively low maximum values. 
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The 850 hPa equipotential temperature also presented well both the extratropical and 

the tropical characteristics. Along the cold front, there was big difference between it. The 

strong warm conveyor belt had maximum values between 45 and 55 °C, but the cold 

conveyor belt produced values only around 25 and 30 °C. At this time, the 850 hPa wind 

maximum located just in front of the cold front in the warm sector, and well behind the cold 

front, but in both cases far from the cyclone’s center. On 6 November, a warm occlusion head 

broke off from the frontal zone with EPT values around 35 °C. After the tropical transitions 

occurred, early on 8 November, the EPT in the center reached its maximum around 45 °C, 

and remained around 40 °C until Rolf made landfall. This warm maximum also concentrated 

into a small area, surrounded by some less warm and moist spiral band and some cooler, dryer 

area. When Rolf became tropical, the 850 hPa wind field became tighter, and the strongest 

winds were directly around the center. 

The 925 hPa geopotential and 850 hPa vertical speed was another good parameter pair 

to represent Rolf’s transformation. In the extratropical stage, the lower geopotential values 

spread large area. But after the tropical transition, the geopotential field became symmetrical 

and tighter with strong gradient. From 4 to 6 November, the strongest upward motion 

associated with the cold front, where the 850 hPa relative vorticity and the upper-level 

divergence were large, and also the luv-ward side of the mountains. On 6 November, weak 

upward motion areas appeared near the cyclone’s center. Later, these became stronger and 

marked the most intense spiral rainbands around the center. By this time, the frontal updraft 

areas dissipated. 

The Eumetrain re-analysis vertical sections that made at 1200 UTC 8 November from 

northwest to southeast across the cyclone also confirmed the tropical attributions of Rolf. 

Based on the isentropes the cyclone had deep warm core, and it also had a completely vertical 

axis. It had not been significant temperature advection around Rolf; however, slight warm 

advection appeared mainly at the higher levels, possibly associated with the cyclone’s core 

warming. The wind field showed typical tropical characteristics too, as the strongest winds 

(over 25 m/s) occurred at the lower levels, directly in the cyclone’s center. The distribution of 

the convergence and divergence was also usual: strong convergence at lower levels and 

divergence at higher levels. 
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Table 1 Best track for Rolf, 4-9 November 2011 

Day / Time [UTC] 
Latitude 

[°N] 

Longitude 

[°E] 

Pressure 

[hPa]* 

Wind 

speed 

[km/h (kt)] 

Stage 

04 / 1200 38.2 -1.8 996 65 (35) extratropical 

04 / 1800 40.5 0.5 994 75 (40) ” 

05 / 0000 41.2 0.8 997 65 (35) ” 

05 / 0600 40.6 1.5 997 65 (35) ” 

05 / 1200 41.0 2.2 998 75 (40) ” 

05 / 1800 42.0 6.8 998 85 (45) ” 

06 / 0000 42.2 4.2 997 75 (40) ” 

06 / 0600 40.9 3.8 996 65 (35) ” 

06 / 1200 40.6 3.7 998 65 (35) ” 

06 / 1800 39.5 2.4 1001 55 (30) ” 

07 / 0000 39.0 4.0 1004 55 (30) ” 

07 / 0600 39.3 5.5 1004 55 (30) ” 

07 / 1200 40.5 6.1 1004 65 (35) subtropical storm 

07 / 1800 41.1 5.5 1002 75 (40) tropical storm 

08 / 0000 41.3 5.3 1001 85 (45) ” 

08 / 0600 41.5 5.9 1001 75 (40) ” 

08 / 1200 42.0 6.4 998 95 (50) ” 

08 / 1800 42.5 6.4 997 100 (55) ” 

09 / 0000 42.6 6.4 1000 95 (50) ” 

09 / 0600 42.7 6.0 1007 75 (40) ” 

09 / 1200 43.1 4.7 1009 75 (40) ” 

09 / 1800 43.6 3.5 1016 30 (15) tropical depression 

10 / 0000     dissipated 

08 / 1800   997 100 (55) 

minimum pressure 

and maximum 

wind 

09 / 1430   1012 55 (30) 
landfall near 

Le Grau-du-Roi 

*Pressure data based on UK Met Office analysis, but the 1800 UTC data on 8 October was 

modified based on Hess tropical cyclone central pressure estimation method, and the next 2 

values were also reduced some hPa. 
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Table 2 Selected surface winds and pressure observation 

Location 

Minimum sea level 

pressure 
Maximum surface wind speed 

Day/Time 

[UTC] 

Pressure 

[hPa] 

Day/time 

[UTC] 

Sustained (10-

min) [km/h (kt)] 

Gust 

[km/h (kt)] 

Ersa – Cap Corse 

(Corsica) 
04 / 1600 1005.9 04 / 1600 83 (45) 122 (66) 

Ramatuelle – Cap 

Camarat (S-Fra.) 
  05 / 1600 96 (52) 122 (66) 

Ramatuelle – Cap 

Camarat (S-Fra.) 
  05 / 1700 91 (49) 126 (68) 

Ile du Levant 

(S-Fra.) 
05 / 1700 998.3 05 / 1700 89 (48) 126 (68) 

Ile du Levant 

(S-Fra.) 
05 / 1800 1001.3 05 / 1800 35 (19) 141 (76) 

Ile de Porquerolles 

(S-Fra.) 
  07 / 1500 69 (37)  

Ile du Levant 

(S-Fra.) 
07 / 2000 1009.8 07 / 2000 85 (46) 115 (62) 

Ramatuelle – Cap 

Camarat (S-Fra.) 
  07 / 2300 85 (46) 109 (59) 

Ramatuelle – Cap 

Camarat (S-Fra.) 
  08 / 1800 104 (56) 133 (72) 

Ile de Porquerolles 

(S-Fra.) 
  08 / 1800 83 (45)  

Ile du Levant 

(S-Fra.) 
08 / 1900 1008.3 08 / 1900 96 (52) 132 (71) 

Ile du Levant 

(S-Fra.) 
08 / 2100 1009.5 08 / 2100 87 (47) 148 (80) 

La Ciotat –Bec de 

l’Aigle (S-Fra.) 
  09 / 1000 93 (50) 122 (66) 

La Ciotat – Bec de 

l’Aigle (S-Fra.) 
  09 / 1200 78 (42) 111 (60) 

Martigues – Cap 

Couronne (S-Fra.) 
  09 / 1200 63 (34) 91 (49) 

La Ciotat – Bec de 

l’Aigle (S-Fra.) 
  09 / 1400 48 (26) 76 (41) 

Le Grau-du-Roi 

(S-Fra.) 
09 / 1400 1013.9 09 / 1400 23 (12) 39 (21) 

Le Grau-du-Roi 

(S-Fra.) 
09 / 1430 1012.7    

Montpellier – 

Fréjorgues (S-Fra.) 
09 / 1500 1014.4 09 / 1500 26 (14) 48 (26) 

Martigues – Cap 

Couronne (S-Fra.) 
  09 / 1500 52 (28) 82 (44) 

Mont Aigoual 

(S-Fra.) 
  09 / 1800 30 (16) 82 (44) 
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Table 3 Selected ship reports 

Day/Time [UTC] 
Ship call 

sign 

Latitude 

[°N] 

Longitude 

[°E] 

Wind dir/speed 

[km/h (kt)] 

Pressure 

[hPa] 

07 / 1200 61002 42.10 4.70 60 / 52 (28) 1009.8 

07 / 2100 PDGS 41.36 6.06 160 / 70 (38) 1005.0 

08 / 1600 BATFR41 43.00 6.10 60 / 74 (40) 1007.6 

08 / 2300 BATEU07 41.90 6.50 250 / 83 (45) 1010.7 

 

Table 4 Selected surface rainfall observation 

Location 

Rain 

on 03 

Nov. 

[mm] 

Rain 

on 04 

Nov. 

[mm] 

Rain 

on 05 

Nov. 

[mm] 

Rain 

on 06 

Nov. 

[mm] 

Rain 

on 07 

Nov. 

[mm] 

Rain 

on 08 

Nov. 

[mm] 

Rain 

on 09 

Nov. 

[mm] 

Total rain 

[mm] 

Milano – Linate 

(Ita.) 
232.0 36.6 25.0 26.4 21.2 2.2 0.0 343.4 

Mondovi 

(Ita.) 
12.0 42.0 111.0 35.0 32.0 33.0 3.0 265.0 

Torino – Bric 

Della Croce (Ita.) 
12.0 31.0 64.0 66.0 26.0 18.0 0.4 217.4 

Monte Argentario 

(Ita.) 
0.0 1.2 6.0 23.0 53.6 45.0 0.0 128.8 

Alghero 

(Ita.) 
0.0 0.0 58.6 25.4 16.8 18.4 0.2 119.4 

Decimomannu 

(Ita.) 
0.0 0.0 52.0 23.0 13.0 8.0 0.0 96.0 

Capo Mele 

(Ita.) 
0.0 8.0 58.0 12.0 23.0 27.0 0.2 128.2 

Piacenza 

(Ita.) 
0.0 8.4 51.0 17.0 36.4 27.0 0.0 139.8 

Mont Aigoual 

(Fra.) 
218.0 95.2 84.0 3.8 0.0 12.9 33.2 447.1 

Ile du Levant 

(Fra.) 
6.6 26.7 66.2 2.8 68.0 91.6 18.8 280.7 

Hyeres 

(Fra.) 
13.6 29.8 72.7 18.1 48.9 56.2 9.0 248.3 

Cap Cepet 

(Fra.) 
16.0 16.0 60.3 10.6 43.4 50.2 21.4 217.9 

Montpellier – 

Fréjorgues (Fra.) 
17.0 51.5 72.8 0.0 0.8 10.5 4.7 157.3 
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Figure 1. Best track positions for Tropical Storm Rolf, 4-9 November 2011. The triangles 

mean extratropical, the square subtropical and the circles tropical stage. The 

colors represented the estimated wind speeds (from Table 1) at the actual time. 

The position based on ECMWF reanalysis combined with the NOAA SAB 

estimates when Rolf was subtropical or tropical (from 1800 UTC 7 November).  
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Figure 2. Selected wind observations with estimated maximum sustained wind and 

minimum central pressure for Tropical Storm Rolf, 4-9 November 2011. The 

stated 6 hourly data mean the maximum sustained wind within a 3-hour interval 

around the marked time in case of all measurements. (* the pressure data at 1800 

UTC 8 October was modified based on Hess tropical cyclone central pressure 

estimation method, and the next 2 values on 9 October were also reduced some 

hPa) 
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Figure 3. Visible satellite image of Rolf at 1445 UTC 7 November. The image shows the 

small, but well-defined central dense overcast and the surroundings spiral 

rainbands west and east-northeast of it. Source: EUMETSAT / Sat24.com 
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Figure 4. Infrared satellite image of Rolf at 0130 UTC 8 November. Rolf had the best 

structural appearance at this time, with almost completely closed ring of 

convection around the center, and strong, widespread upper-level outflow thanks 

to the small upper-level cyclones around itself. Source: Naval Research 

Laboratory 
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Figure 5. Infrared satellite image of Rolf at 1800 UTC 8 November. At this time, the earlier 

new convective burst wrapped around the center again, but the extension and the 

strength of the convection was not as big as earlier. According to surface 

measurements, Rolf peaked around this time. Source: Naval Research Laboratory 
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Figure 6. Satellite-based wind data of Rolf on 7-8 November measured by ASCAT-A 

sensor. The measurements show well the transformation of the cyclone, as the 

wind field became symmetrical and tighter by 8 November, and the wind speeds 

also increased. Source: NOAA NESDIS 
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Figure 7. 300 hPa divergence (shaded) and winds (vectors and contours per 10 m/s from 30) 

over the West Mediterranean Sea at 1800 UTC 5 November and 1500 UTC 

8 November. Data source: ECMWF (Hungarian Meteorological Service, István 

Ihász) 

 

Figure 8. 925 hPa geopotential (shaded with black contours) and 850 hPa vertical speed 

(shaded patches, without the -0,75 to 0,75 Pa/s range) over the West 

Mediterranean Sea at 1800 UTC 5 November and 1500 UTC 8 November. Data 

source: ECMWF (Hungarian Meteorological Service, István Ihász) 
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Figure 9. 850 hPa equivalent potential temperature (shaded) and winds (vectors and 

contours per 10 m/s) over the West Mediterranean Sea at 1800 UTC 5 November 

and 1500 UTC 8 November. Data source: ECMWF (Hungarian Meteorological 

Service, István Ihász) 

 

Figure 10. 500-1000 hPa thickness (contours per 10 m) and 850 hPa relative vorticity 

(shaded) over the West Mediterranean Sea at 1800 UTC 5 November and 

1500 UTC 8 November. Data source: ECMWF (Hungarian Meteorological 

Service, István Ihász) 
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Figure 11. 200-1000 hPa thickness (contours per 10 m) and 300 hPa potential vorticity 

(shaded) over the at 1800 UTC 5 November and 1500 UTC 8 November 

5 November 1800 UTC and 8 November 1500 UTC. Data source: ECMWF 

(Hungarian Meteorological Service, István Ihász) 

 

Figure 12. Potential vorticity vertical crosses through the center of Tropical Storm Rolf and 

its environment at 1800 UTC 5 November and 1500 UTC 8 November. The 

positions of cross-sections mark with thin white lines on Figure 11. Data source: 

ECMWF (Hungarian Meteorological Service, István Ihász) 
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Figure 13. Vertical section re-analysis across Rolf’s center at 1200 UTC 8 November, with 

equipotential temperature (black lines, in K), temperature-advection (red and blue 

lines, in K) and wind speed (thin brown lines, in m/s). The thick dark blue line 

shows the axis of the cyclone. Source: Eumetrain.org 
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Figure 14. Vertical section re-analysis across Rolf’s center at 1200 UTC 8 November, with 

equipotential temperature (black lines, in K), convergence (thick red lines, in 1/s) 

and divergence (dashed red lines, in 1/s). The thick dark blue line shows the axis 

of the cyclone. Source: Eumetrain.org 

 

 

 

 


