RSMC NADI – TROPICAL CYCLONE CENTRE

TROPICAL CYCLONE SUMMARY 

2006-2007 Season 

Introduction

A summary is presented of tropical cyclone activity during the 2006/2007 Tropical Cyclone Season for the Regional Specialised Meteorological Centre Nadi - Tropical Cyclone Centre (RSMC Nadi-TCC) Area of Responsibility (AOR) covering from Equator to 25°South Latitude and 160°East to 120°West Longitude. The official tropical cyclone season for this region commences on November 1st and ends on April 30th.
Tropical Cyclone activity in the 2006/2007 Tropical Cyclone Season, in the RSMC Nadi AOR was just below its climatological average. In total, six tropical cyclones occurred in the region. Two of these cyclones attained hurricane intensity (one a category 4 and the other category 3) whilst four, storm (all category 2). 
Figure 1
Tropical Cyclone Activity in RSMC Nadi AOR by Season
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Climatic Indices

ENSO remained at “warm” neutral especially between November 2006 and April 2007. The monthly SOI remained negative for this whole period. (refer Figure 2).. The associated 5-month running mean, however, displayed a definite transition towards positive values. Warmer than normal Sea Surface Temperature (SST) was observed in the tropical Pacific up till February before reverting to normal, through to April. SSTs continued to progress towards a cool pattern after April. Westerly wind anomalies persisted in the region through till mid January, when it began to weaken. The active MJO phase generally coincided with increased convective activity in the region, but was significantly influenced by El Nino. MJO periodicity became erratic in the second half of the season. 
Figure 2
Southern Oscillation Index values vs 5-Month Running Means
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Occurrence
A total of fifteen significant tropical disturbances were monitored and assigned numbers of the series (01F, 02F,…..etc) in the 2006/7 Tropical Cyclone Season by RSMC Nadi. Out of this fifteen only six reached tropical cyclone status. Three of these 6 cyclones originated about the Coral Sea region while the other 3 developed about or just east of the Dateline. 

Table 1
Tropical Cyclones in the RSMC Nadi area of responsibility, for the 2006/7
Season. All dates and times are in UTC
. 
	
	Low first identified
	Initial tropical cyclone phase

	Name
	Date
	Lat.
	Long.
	Date
	Time
	Lat.
	Long.

	Xavier
	20 Oct
	09.4°S
	167.6°E
	21 Oct
	1800
	10.5°S
	167.8°E

	Yani
	18 Nov
	08.8°S
	171.5°E
	22 Nov
	0000
	12.3°S
	162.4°E

	Zita
	20 Jan
	11.5°S
	165.5°W
	22 Jan
	1800
	14.2°S
	157.3°W

	Arthur
	20 Jan
	12.2°S
	177.0°W
	24 Jan
	0600
	14.5°S
	167.5°W

	Becky
	25 Mar
	12.0°S
	157.5°E
	26 Mar
	1200
	13.1°S
	163.0°W

	Cliff
	01 Apr
	13.5°S
	175.0°E
	04 Apr
	0600
	17.2°S
	179.4°W


	
	Maximum Intensity (knots)
	End of Tropical Cyclone Phase

	Name
	Date
	Time
	Lat.
	Long.
	Int
	Cat.
	Date
	Time
	Lat.
	Long.

	Xavier
	24 Oct
	1200
	13.7°S
	169.7°E
	95
	4
	26 Oct
	0000
	14.7°S
	170.3°E

	Yani
	23 Nov
	1800
	13.9°S
	163.1°E
	75
	3
	24 Nov
	1800
	13.2°S
	162.6°E

	Zita
	23 Jan
	1200
	17.6°S
	153.4°W
	60
	2
	25 Jan
	0000
	31.0°S
	149.1°W

	Arthur
	25 Jan
	0600
	16.3°S
	159.1°W
	60
	2
	27 Jan
	1200
	31.4°S
	145.0°W

	Becky
	28 Mar
	0000
	18.0°S
	167.4°E
	60
	2
	29 Mar
	0600
	20.9°S
	167.3°E

	Cliff
	05 Apr
	1800
	23.7°S
	175.4°W
	55
	2
	06 Apr
	1200
	27.4°S
	168.4°W


Verification Statistics

Position forecast verification statistics for each cyclone (Table 2) was derived by comparing the initial and forecast positions (given in warnings issued by RSMC Nadi-TCC) with post analysis ‘best track’ positions. It is worth noting that the Australian Tropical Cyclone Workstation (ATCW) verification programme used by RSMC Nadi-TCC is sensitive to the number of forecast positions verified. Subsequently, short-lived cyclones could not be verified beyond 12-hour and/or 24-hours. 
Overall, initial position errors for individual tropical cyclones were similar to previous Seasons. However, Xavier, an out of season cyclone and occurring in the Coral Sea region during a “transition” period, proved quite difficult to locate as it was constantly overshadowed by dense cirrus. Zita, a hybrid, was also difficult to locate with dense cirrus over the low-level centre, under a prevailing upper-level westerly flow. 
Apart from Xavier and Zita, errors for all the individual cyclones at 12-, 24-, 36- and 48-hour forecast times displayed significantly poor forecast skills. With both cyclones, the significant errors were attributed to difficulties in Consensus forecasting the southward turn when the cyclone persisted on an east to southeast track. 

Figure 3
RSMC Nadi Forecast Errors.

[image: image3.emf]RSMC NADI FORECAST POSITION ERRORS

0

50

100

150

200

250

300

350

400

450

500

1994/95 1995/96 1996/97 1997/98 1998/99 1999/00 2000/01 2001/02 2002/03 2003/04 2004/05 2005/06 2006/07

SEASON

MEAN ERROR (KM)

T+0

T+12

T+24

T+36

T+48


Table 2
Position forecast verification statistics for official warnings issued by RSMC Nadi. Forecast positions are verified against the official best track. Persistence errors (in brackets) are included for comparison. 
	Lead-time
	0 hours
	12 hours
	24 hours
	36 hours
	48 hours

	Name
	Mean error (km)
	No.
	Mean error (km)
	No.
	Mean error (km)
	No.
	Mean error (km)
	No.
	Mean error (km)
	No.

	Xavier
	50
	22
	144(132)
	15
	240(217)
	13
	363(297)
	10
	461(367)
	6

	Yani
	29
	8
	98(88))
	10
	168(121)
	8
	218(196)
	6
	-
	-

	Zita
	54
	16
	209(202)
	5
	-
	-
	-
	-
	-
	-

	Arthur
	37
	25
	119(150)
	8
	183(306)
	6
	337(497)
	4
	-
	-

	Becky
	27
	14
	66(111)
	8
	123(285)
	6
	208(496)
	4
	-
	-

	Cliff
	40
	12
	94(88)
	6
	207(275)
	4
	-
	-
	-
	-

	Aggregate
	40
	116
	120(125)
	52
	192(249)
	40
	296(338)
	24
	430(437)
	12


In Table 3, the radius of the circles (centred on the centroid of the errors) containing 50% of the operational initial positions, is smaller than 0.5 degree of latitude (55.5 km) for all cases. Therefore the location of systems could be summed up as falling within the category of "Position Good" for all the cyclones, except for Xavier and Zita..
The forecast error centroids and size of the radius of the 50% circle (centred on the centroid of the errors) indicate bias and consistency of bias in the forecast positions. For instance, Xavier consistently trekked east of its expected tracks, causing large westerly biases of the centroids. The very significant southwest bias displayed by Xavier at and beyond 24-hours was attributed to Consensus consistently forecasting a southwest track when the cyclone was steadily heading southeast. 
Table 3
Centroid of errors for initial (0-hour lead time), 12-hour and 24-hour

forecast positions given in warnings issued by RSMC Nadi with the radius 

of the circle enclosing 50% of the positions. All distances are in kilometres.
	Lead-time
	0 hours
	12 hours
	24 hours

	Name
	Centroid

E-wd, N-wd
	Radius of 50% circle
	Centroid

E-wd, N-wd
	Radius of 50% circle
	Centroid

E-wd, N-wd
	Radius of 50% circle

	Xavier
	-35,-18
	48
	-19,-46
	129
	-121,-22
	196

	Yani
	-9,11
	33
	-10,45
	82
	-73,45
	119

	Zita
	-31,-6
	52
	-87,151
	128
	-
	-

	Arthur
	-21,2
	34
	-76,-2
	86
	-133,37
	131

	Becky
	-5,-2
	26
	18,15
	47
	54,69
	68

	Cliff
	-34,5
	34
	-49,34
	71
	-133,147
	136

	Aggregate
	-8,-1
	44
	-30,-1
	119
	-86,26
	168


Table 3 Contd…..

	Lead-time
	36 hours
	48 hours

	Name
	Centroid

E-wd, N-wd
	Radius of 50% circle
	Centroid

E-wd, N-wd
	Radius of 50% circle

	Xavier
	-288,50
	175
	-445,117
	174

	Yani
	-187,13
	105
	-
	-

	Zita
	-
	-
	-
	-

	Arthur
	-233,111
	234
	-
	-

	Becky
	86,147
	6
	-
	-

	Cliff
	-
	-
	-
	-

	Aggregate
	-197,81
	206
	-346,151
	243


Figure 4
Tracks of Xavier, Yani, Zita, Arthur, Becky and Cliff.
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Tropical Cyclones in the RSMC Nadi Area of Responsibility (AOR), 2006/2007 Season.

In the discussion that follows, distances are in nautical miles and wind speeds are 10-minute averages.

Xavier (01F): 20-26 Oct 2006
Xavier, an out-of-season tropical cyclone was the first to occur inside the RSMC Nadi AOR in the 2006/7 Season. The small cyclone originated along an active South Pacific Convergence Zone (SPCZ) that lingered for about a week across the Solomon Islands and the north of Vanuatu. 

01F was first identified by RSMC Nadi as a persistent area of convection increasingly consolidating itself around 20/2100 UTC, to the north of Santa Cruz group, the eastern most group of islands in the Solomons. Late on the 21st, conditions rapidly turned favourable causing an explosive development. Subsequently, RSMC Nadi upgraded the system to cyclone and named it at 22/0000 UTC. However, on re-analysis, 01F attained cyclone status at 21/1800 UTC, when located over Santa Cruz group. 
Through the 22nd, Xavier slowed, hovering over Santa Cruz, whilst steadily intensifying. It reached hurricane strength at 22/1800 UTC, 24 hours after becoming a cyclone. At this time, Xavier was also coming out of a small cyclonic loop and headed generally towards the southeast. With conditions remaining favorable for further development, the system continued to intensify, reaching a peak intensity of 95 knots with a central pressure of 930 hPa at 24/0600 UTC. The cyclone was then located about 120 nautical miles east of Vanua Lava in northern Vanuatu. Xavier continued southeast until 25/0600 UTC when it began to turn west and weaken under strong shear. It was eventually downgraded to a depression at 26/0000 UTC while located about 180 nautical miles east-northeast of Espiritu Santo and moving north-northwest about 8 knots. The remnant low-level cloud centre (llcc) was ultimately not discernible after 28/0000 UTC. 
There were no casualties as a result of Xavier in the Solomon islands, except for extensive damage to food crops and flooding in Tikopia. However, Radio New Zealand reported that overall damage at Tikopia was considered to be light given the circumstances. The cyclone side-swiped the eastern islands of Vanuatu, causing strong and gusty winds, rough seas and moderate to heavy swells.. It is fortunate that the southwest turn into Vanuatu, as continually predicted by Consensus did not eventuate when the system was intense. Damage could have been severe if it occurred. 

Yani (04F): 22-24 Nov 2006

Tropical Cyclone Yani was the second cyclone to develop inside RSMC Nad’s area of responsibility during the Season.

TD 04F was first identified as a weak disturbance around November 16th, embedded along the active SPCZ, that stretched from the Solomons to the Cook Islands. It was then located far to the east-northeast of Santa Cruz, Solomons, and moving generally westwards. Despite the existence of a well established westerly monsoonal flow to the north and a strong southeasterly wind surge to the south, TD04F was slow to consolidate. From late on 19th till the 21st, the depression became hovered to the south of Rennel island whilst executing a clockwise loop. Overnight of the 21st, convection erupted about the low-level cloud centre (llcc) with bands wrapping significantly around it. This also coincided with the llcc moving under the 250-hPa ridge where shear was also minimal. Further, the depression was also coming out of the cyclonic loop and taking a slow but definite southeast track. 04F was named Yani at 22/0000 UTC while located approximately 230 nautical miles to the southeast of Honiara, Solomon Islands.
Subsequent intensification was fairly rapid. 18 hours after being named, it attained storm strength. By 23/0600 UTC the cyclone achieved hurricane intensity. Yani reached peak intensity at 23/1200 with a central pressure of 960 hPa and a 10 minute-average wind of 75 knots. Peak intensity was maintained for 12 hours as the cyclone also took a more southerly track, under a poleward-oriented mid to high-level ridge pushing from the east. Soon after 24/0000 UTC, Yani ran into a strong northwest shear that tore away its central convective core to the southeast. As dissipation occurred, the cyclone was also turned initially northwest then northwest, by the strong subtropical ridge to its south. Yani was downgraded to a depression by 24/1800 UTC while on a westward course. The remnant llcc eventually dissolved in the Northern Coral Sea several days later.
There were no reports of any significant damage as a consequence of Tropical Cyclone Yani.

Zita (07F): 22 - 26 Jan 2007
Tropical Cyclone Zita (TD 07F) was the third tropical cyclone to form inside the Nadi AOR during the 2006/7 Season to the east of the Dateline.
TD 07F was first identified as a slow-moving and poorly-organised tropical disturbance on January 17th just northwest of Samoa, along the established and active SPCZ. Two other disturbances developed around this time, with TD 06F to the west, which moved away rapidly south-southeast as a highly sheared system, and TD 08F to the east, that later developed into tropical cyclone Arthur, soon after Zita’s demise. For the following three days, though embedded in a favourable environment, diurnal influence was still significant. Overnight of the 20th, though, convection redeveloped over the system. Throughout the 21st and 22nd, despite diurnal variation, deepening persisted, with primary bands wrapping tightly around the llcc.

At 22/2100 UTC 07F was named Zita whilst located about 320 miles northeast of Rarotonga or 440 miles northwest of Tahiti and accelerating southeast about 14 knots. On retrospect, based on Dvorak and Zita should have been named 3 hours earlier at 22/1800 UTC. This poleward movement was assisted by the presence of TD 06F to its south-southeast, which effectively weakened the subtropical ridge lying to the south. Zita intensified rather rapidly to peak at storm force with 10 minute-average winds of 60 knots close to the centre and a central pressure of 975 hPa at 23/1200 UTC.  At this time, it was located about 210 miles to the west of Tahiti, and heading south-southeast at 15 knots. However, as the cyclone trekked towards the Austral Islands, it ran into a region of cooler SSTs and stronger vertical wind shear, causing weakening. Zita was downgraded to and extra-tropical system at 25/0000 UTC, while lying far to the south of Tahiti.
Though the cyclone passed through the Austral islands, damage associated with Zita was minimal, which included some felled and uprooted trees and flooding along coastal roads.

Arthur (08F): 24- 28 Jan 2007
Arthur was a short-lived system that essentially took the same track that Zita had taken a few days earlier. 
TD 08F was first identified as a tropical disturbance on the 21st of January some 320 miles west-northwest of Apia, Samoa, moving towards the east-southeast at 5 knots. Three days later, the depression began to accelerate towards the east-southeast, passing to the north of Samoa.  Initial development was significantly influenced by diurnal variations and strong shear. From late on 22nd, gale warnings were issued for an area some 30 to 90 miles away from the centre in the northeast quadrant, moving with the depression.  By 24/0000 UTC, significant development had occurred, with convection consolidating around the llcc, convective tops cooling and upper-level outflow improving.  TD08F was named Arthur at 24/1200 UTC, though by re-analysis, it was evident that gales were present near the cetre by 24/0600 UTC. 
When named, the cyclone had gale intensity and was located approximately 300 miles east of Apia, Samoa. It was then moving east-southeast at 21 knots under a westerly steering field. Arthur intensified rapidly under a cyclonic vorticity advection (CVA) region with strong divergence and minimal shear.  Cold convective bands wrapped tightly into the centre as outflow developed in all quadrants.  A banding eye briefly formed and was observed to contract in satellite imagery. As the system was shuttled east-southeast, it passed within about 100 miles south of Suwarrow, the southern-most island of Northern Cooks and 150 miles to the north of Southern Cooks. 
Peak intensity was attained at 25/0000 UTC with a maximum 10-min average winds of 60 knots and a central pressure of 975 hPa about 350 miles north-northwest of Rarotonga or about 650 miles west-northwest of Papeete, Tahiti.  6 hours later, strengthening shear tore away the cold convective tops to the southeast, leaving the llcc lagging behind. By 25/1200 UTC, the weakening cyclone took a southeasterly track and headed towards the Austral islands. As it continued further towards Wellington's AOR, it encountered waters already cooled by Zita a mere 48 hours prior. Wellington assumed the primary responsibility for warnings on Arthur from 27/0000 UTC as the system continued into the southern ocean. 12 hours later, it became extra-tropical, well into Wellington’s AOR.
There were no significant reports of damage as a result of Arthur, apart from heavy rain in certain parts of French Polynesia, gusty winds and heavy sea swells in the Austral islands as the cyclone passed through. 

Becky (13F): 26-29 Mar 2007
TD 13F was first identified as a tropical low by Brisbane TCWC in their AOR at 25/0000 UTC March 2007. This was through a gale warning issued at 25/0000 UTC on gales gradually developing within 180 miles of centre in the next 24 hours. The tropical LOW was then located approximately 210 miles southwest of Honiara on Guadalcanal, Solomon Islands and moving eastwards about 08 to 10 knots. Through the 25th, the system gradually developed whilst lying under an upper-level ridge axis with low vertical shear and favorable diffluence. 18 hours later, it entered into RSMC Nadi’s AOR where it was designated TD 13F. RSMC Nadi maintained the gale warning commenced by Brisbane, mentioning winds increasing to gale force near the centre in the next 12 to 24 hours. The depression was then turning east-southeastward along the western periphery of a near-equatorial mid-level ridge to the northeast. Through the 26th, the llcc was consolidating with cold convective banding wrapping into it. Overnight, cold convective bands and outflow over the system improved significantly and by 26/1800 UTC, TD 13F was named Becky by RSMC Nadi. On reanalysis, with the descending Quikscat pass on the evening of the 26th, TD 13F should have been named at 26/1200 UTC. At 26/1800 UTC, the cyclone centre was located about 330 miles southeast of Honiara or 220 miles northwest of Santo, Vanuatu, and moving to the east-southeast at about 7 knots with 40 knots close to the centre.
After naming, Becky’s track gradually veered from east-southeast to south-southeast, steered by the near-equatorial ridge to its east and a high-amplitude trough to its west This change in track also spared the Vanuatu chain of islands from being directly hit by the cyclone centre. Becky gradually intensified to reach a peak intensity of 60 knots and a central pressure of 975 hPa at 27/1800 UTC. It was then located approximately 90 miles northwest of Port Vila and accelerating a little towards the south-southeast at 12 knots. Signs of weakening appeared around 28/0000 UTC with outflow becoming restricted and drier air continually entrained into the core. Additionally, absolute shear over the system rapidly increased as Becky began to slow down considerably and turn towards the southwest from 28/1200 UTC. By 29/0000 UTC Becky had weakened to a gale and six hours later, RSMC Nadi downgraded the system to a tropical depression. At this time, the exposed llcc was located east of New Caledonia and heading steadily southwest. By 29/1200 UTC the llcc was devoid of any deep convection. 

No reports of damage or casualties resulting from Tropical Cyclone Becky have been received.

Cliff (14F): 04-06 Apr 2007

Tropical Disturbance 14F was first analysed by RSMC Nadi on April 1st 2007 as a weak system 130 miles to the southwest of Rotuma and drifting towards the southeast. Till the 3rd, the disturbance remained under a strong westerly shear, just south of a 250-hPa ridge axis. Late on the evening of the 3rd, it was upgraded to a depression whilst located 110 miles to the northwest of Labasa town, on Vanua Levu, the 2nd largest island in Fiji, and accelerating a little towards the southeast. By 03/1800 UTC, through microwave data, the llcc was still exposed to the northwest of the coldest convection. This area of deep convection was steadily moving over Cikobia and nearby smaller islands and rapidly approaching the northeast parts of Vanua Levu.  Around 03/2100 UTC, wind shear relaxed sufficiently to allow the depression to consolidate.  By this time, the llcc, was moving closer towards the area of deep convection with outflow over the system improving. After 04/0000 UTC, the deepening depression rounded the northeastern tip of Vanua Levu. By this time, convective bands were rapidly developing and wrapping into the llcc. At 04/0300 UTC, whilst located 60 miles to the east-southeast of Labasa and approximately 15 miles to the east-northeast of Taveuni, the 3rd largest island in Fiji, TD14F was upgraded to cyclone status, and named Cliff. By this time, though, winds of at least gale strength were present around the llcc but still some distance away from the centre. However, winds near the centre were rapidly increasing to gale force.
Once named, Cliff took a south-southeast through the Lau group picking up speed as it coursed through. Intensification gradually occurred with good equatorial and polar outflow and low to moderate upper-level shear.  The peak intensity was attained at 05/1800 UTC with a central pressure of 980 hPa and maximum 10-minute average winds of 55 knots. The cyclone was then located about 150 miles south-southwest of Nuk’alofa, Tonga and poised to accelerate into Wellington’s AOR under a strengthening northwesterly steering field. Cliff only lasted for 12 hours as a cyclone in Wellington’s area, due to cooler seas and stronger wind shear environment. By 0612/00 UTC, it became extra-tropical. The remnant depression continued to the southeast into open waters, eventually merging with a mid-latitude frontal boundary soon afterward.
Cliff caused extensive damage to crops, landslides from heavy intensity rainfall and flooding, minor damages to infrastructure, buildings and homes and disrupted communications and public utilities to certain areas in the eastern parts of Vanua Levu, Taveuni and nearby smaller islands. In the Lau group, damage to homes was minor but crops were severely affected. The total cost of damages caused by Cliff was approximately FJ$6 million. There were no reports of any serious damages from the kingdom of Tonga. 

(
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� UTC - Universal Co-ordinated Time (same as Greenwich Mean Time)
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