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Extended Abstract \

Introduction

Tropical cyclones are formidable atmospheric natural hazards with profound destructive capabilities,
responsible for a significant portion of the damage and fatalitiesyassociated with natural disasters. Their
impacts, including extreme winds, storm surges,‘and extensi\N)oding, pose a substantial threat to both
human lives and economic stability. Globally, these events\&lict considerable losses, with recent decades
showing a high frequency of devastating cyclonges. The growingmvulnerability of coastal areas due to
increased development and population density further amplifies the socio-economic repercussions,
emphasizing the critical need for effective early waming, systems. The Arabian Sea and its surrounding
regions have experienced damaging trepical cyeloness/such as Gonu and Fane, which have resulted in
significant casualties and economic lossesyin countfies like Oman and Iran. Given the strategic economic
importance of the notthwestern Indian Ocean basin, understanding and predicting the movement of these
cyclones is paramount for effective disaster risk reduction, including safeguarding vital infrastructure and
preventing environmental contamination. Despite the significance of this region, there remains a scarcity
of research on thggbehavior of tropical cyclones within it. This study aims to bridge this knowledge gap by
identifying synoptic patterns thatinfluence the tracks of tropical cyclones in the northwestern Indian Ocean,
thereby contributing to iwved regional forecasting and disaster preparedness.

Materials and MetMs

1. DataSource and Extraction: Tropical cyclone data (dates, tracks, intensity) were obtained from the India
MeteorologicalDepartment. Geopotential height data at 700 hPa (ERAS reanalysis) were downloaded from
ECMWE:

2. Study ‘Area & Approach: The study focused on the northwestern Indian Ocean (0-27°N, 53-75°E) using
a descriptive-analytical approach to identify synoptic patterns for track prediction.

3. Methodology (S-mode Factor Analysis): S-mode Factor Analysis was applied to 700 hPa geopotential
height data for 169 active cyclone days, transforming daily data from multiple grid points into a database
for pattern identification.

4. Pattern Identification & Visualization: MATLAB was used to identify 10 dominant synoptic patterns.
These patterns were then visualized using R1 programming language (RStudio). The study analyzed
cyclones from 1982 to 2022.
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Results and Discussion

This study identified ten dominant synoptic pattemns that steer tropical cyclones in the northwestern Indian
Ocean. The mid-level high over the Arabian Peninsula is the key player, with its position and strength
dictating cyclone paths.

Key findings reveal how the interaction between the mid-level high over the Arabian Peninsula and other
features, such as mid-latitude troughs (especially from the Mediterranean) and regional thermal lows
(Pakistan/India), creates diverse tracks. These interactions result in:

Blocked: The mid-level high over the Arabian Peninsula often prevents westwagd/northwestward
movement, forcing recurvature.

Steering: Thermal lows can draw cyclones northward/northeastward.

Recurvature: Mediterranean troughs can weaken the mid-level high over the Arabian Peninsula, enabling
shifts to northward, northeastward, or even eastward tracks.

Complex Paths: The beta effect and evolving synoptic configurations lead to, intricates looping, or
parabolic trajectories.

The ten patterns broadly categorize cyclones into westward/southwestward, northwestward, northward,
northeastward, recurving, and complex-moving types, providing aicrucial climatological framework for
understanding and predicting these hazardous storms. \

Conclusion

Tropical cyclones in the northwestermn Indian @¢ean are significant atmospheric hazards impacting
southern Iran, Oman, the UAE, Yemen, Pakistan, and weste dia, causing severe damage.
Understanding their movement is crucial for disaster mitigation and sustainable development.

This study identified ten dominant synoptic patterns 0f,700 hPa geopotential height that govern cyclone
tracks in the region. Six of these patterns were foufidito be most frequent, with peak cyclone activity
observed in June, followed by May,and November, consistent with regional climatology.
Dynamically, cyclone tracks are primarily determined by the interplay of:

1. The mid-level high over the,Arabian Peninsula dictates the general direction.

2. Mid-latitude troughs and thermal lows over Pakistan/India, influencing steering.

3. The beta effect, contributing to trackscomplexity.

Based on these analyses, tropical cyclone tracks in the northwestern Indian Ocean can be broadly
categorized into six main types:

1. Westward/Southwestward: Towards Yemen, Oman, southern Arabia, and northern Somalia.

2. Northwestward: Towards'Oman, Iran, and the UAE.

3. Northward: Towards PNSi::an and Gujarat, India.

4. Northeastward: Towards India and eastern Pakistan.

5.Reeurving/Tuming: ibiting significant changes in direction.

6.Unusual/Looping: Characterized by complex, non-linear trajectories.
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Fig 2. Pattern 1: G

ectopascals (units in geopotential to meters) — Direction of

cyclone movement at udy — Blue: October cyclones, dark green: November, orange:
May, dark purple: hor green: June — The colors of the subsequent maps are a

function of aj or better visibility and is not an indicator for measuring)
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Fig 3. Pattern 2: Blue: October rotations, Dark e phosphor green: June, Phosphor
green: June rotation, lZNknge: May, Da e: December, Dark red: September
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Fig 4. Pattern 3: Blue: October rotations, dark green: November, phosphor green: June, orange:

May, dark red: September
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Fig 6. Pattern 5: Dark green: November, phospho
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Fig 7. Pattern 6: Blue: October rotations, dark green: November, phosphor green: June,
orange: May, dark and light purple: December, dark red: September



((liun 3 0 32 32 sl L5 ) 3y (g0l 00y 3y 9 Al o (3 39,98 39 () V' (5o

S d Camd &S 010 18 (6,00 VP [gS il S addllas 990 adg> Cgiz g oxf g () e des Y oSl o
@ bgye Glnl (Br0 oz 10 g 0pe Jled Gdo) aw (B e e (LS )] alS e Ve dgus (Y JS2) 7 (565l
Olnl Sroms s 9355 ()90 5 Glie 9 45,5 Ailiae Slys (3,5 398 398 5l g S5 o0 LS a5 Cesl 5isT WS> e o
el (b slog e & 398) alinae 375 9958 9 Olivaye oppzand el Ol Jolsi el (l po il 00,5 5 >
i b g oy laul a5 oloais 1> s a5 (0 350 00y (g0 B L ol Jilaie Jlodh Crony 4y £la5 )] 5 jooe 3940 o0
S Feiede @5 5>19 65, 5l el ST aiS oo mesd e by et s 5 (! Sala ciledgy s o5
@olsS g g 358 Jlod g 58 Jlod cgm 0 )8 Jol 5K ol QI Gl s 3,5 waly> oS > Sl 4 i 2 oS
A JSB) ol g e

Latitude

% 2 300 (15000 50° Longitude 60° 70° 80° 90°
ol 10 o iy ‘§¥)U (397 16 yhamnd o ¢ ol 10 pud e < yuiS T oo laSS > @T P YN | Y S
Fig 8. Pattern 7: Blue:\%tober rotations, dark green: November, phosphor green: June, orange: May, dark
purple: December
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Fig 9. Pattern 8: Jharkhand Fian position in 2 days (October 10 and 11) — Dark green: November
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Fig 10. Pattern 9: Blue: October rotations, dark green: Novembéer, phosphor green: June, orange: May, dark
purple: December
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Fig 11. Pattern 10: Blue: October, dark green: November, phosphor green: June, Orange: May, Dark Red:
September
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