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Vertical wind shear is caused by a wind of different speed or direction over a relatively short distance in the atmosphere.
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1. Overview

This entry explores the relationship between vertical wind shear (VWS) and tropical cyclone (TC) genesis in the

Mozambique Channel (MC) for the period 1979–2019. Additionally, SST, low-level relative vorticity, 700 hPa relative

humidity and upper-level divergence were also analyzed for the peak cyclogenesis months to explore their relative

contributions. The analyses were done using NCEP/NCAR Reanalysis-1 for the atmospheric fields, monthly Optimum

Interpolation SST V2, and for the cyclogenesis the TC best track data from the La Reunion–Regional Specialized

Meteorological and Joint Typhoon Warning Centre. A total of 43 TCs generated in the MC were observed for the analysed

period. The maximum frequency of cyclogenesis in the MC was observed during January and February and the spatial

location of maximum TC genesis was coincident with the minimum values of the VWS. The VWS showed significant

correlations with TC intensity, particularly when considering the upper atmosphere (200–500 hPa) or the bulk (200–850

hPa) VWS. The mean composites of the cyclogenesis months over the MC of SST, relative humidity at 700 hPa,

divergence at upper atmosphere, showed significant values. However, linear correlations between these factors vs. TC

genesis frequency and intensity were not significant. Analyses of interannual correlations between VWS and Niño-3.4

(subtropical southwest Indian Ocean dipole-SIOD) showed statistically significant positive (negative) correlations at

different lags, suggesting that La Niña and the positive phase of SIOD conditions are favorable to weaker VWS and thus

to intensification of TCs in the Mozambique Channel. Thirteen landfall cases were observed with seven over the

Madagascar west coast and six over the Mozambique coast. The landfall over the Madagascar (Mozambique) coast was

associated with strengthened (weakened) VWS. 

2. Tropical Cyclones

The process by which tropical cyclones (TCs) form and intensify, often referred to as tropical cyclogenesis, is strongly

dependent on the existence of several environmental conditions. Gray  listed six basic conditions favoring TC genesis,

namely: (i) sea surface temperature (SST) exceeding 26 °C, (ii) enhanced mid-troposphere (700 hPa) relative humidity,

(iii) conditional instability, (iv) enhanced lower troposphere relative vorticity, (v) weak vertical environmental wind shear

(VWS) and (vi) a displacement by at least 5° latitude away from the equator. Chan et al.  suggested that VWS is one of

the main governing factors of both tropical cyclogenesis and tropical cyclone intensity. Moreover, some studies indicate

that the uncertainties in forecasting the environmental wind shear values prevent the improvements in TC intensity

forecast . Over the tropical Pacific, some studies have indicated that VWS is a key environmental variable that

determines the TCs development . Jones et al.  considered the VWS a key predictor of seasonal TC activity.

Although some literature has shown cases of cyclones intensifying under moderate to strong VWS (e.g., ), in

general large values of VWS are considered to be detrimental to the formation as well as the intensification of TCs, due to

the “ventilation” effect . Chan et al.  have indicated that the reduction of ventilation above the boundary layer

due to vertical alignment is crucial to accumulate the energy within the inner core region of a TC. Nolan and McGauley 

studied the relationship between VWS and TC genesis events within the latitudes 20° S and 20° N from 1969 to 2008, and

found that VWS values in the range of 1.25–5 m/s are the most favorable for TC genesis, although previous studies

suggested VWS values between 5–10 m/s (e.g., ). Some studies also suggested that there is a VWS threshold value

above which TCs may not develop, for example, a threshold value of 12.5 m/s was determined for the western North

Pacific by Zehr .

The Southwest Indian Ocean (SWIO) is one of the major basins of TCs formation and intensification. TCs forming in this

region account for about 14% of the global total, with an average of 12–13 TCs forming each year in the cyclone season
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running from November to April . SWIO TCs, especially those forming in the Mozambique Channel (MC) have

been poorly studied so far although they frequently impact island nations and countries on the mainland of southeastern

Africa . Leroux et al.  stated that over the cyclone seasons from 1999/2000 to 2015/16, on average,

Mozambique was hit by tropical systems once per year and by TCs about once every 3 years, and that those numbers are

even worse for Madagascar, which was hit twice per year by tropical systems and was hit once every 2 years by TCs.

These countries are listed as the world’s least developed, with high levels of vulnerability to climatic shocks. This study

aims to contribute to the improvement of monitoring and seasonal forecast of TCs in the SWIO and thus to mitigation of

the destructive impacts of TCs in the affected countries, which is one of the main objectives of the research project

ReNovRisk-Cyclone .

Previous studies  have described several characteristics of the VWS and its association with tropical cyclone

activity in the SWIO. Their results showed a band of weak VWS located near the Equator with a tendency to move

(south–north) accompanying the displacement of the Inter-Tropical Convergence Zone (ITCZ) which is an important

mechanism for tropical cyclogenesis. During the cyclone season in the SWIO, the ITCZ stretches across the MC between

15–20° S and the area of weak VWS along it can enhance the positive vorticity needed for tropical cyclogenesis in the

region . Matyas  indicated that given the displacement of the ITCZ in the MC during the cyclone season, TC

formation frequency, location and environmental conditions by month. Ho et al. and Kuleshov et al.  suggested that

during the cold phase of El Niño–Southern Oscillation (ENSO), there is a reduction of TC genesis in the western part of

the South Indian Ocean (SIO, west of 75° E) and an increase in the eastern part (east of 75° E) as well as displacement of

the area favorable for TC genesis further away from the equator and an inverted scenario is observed during the warm

phase. The impact of VWS on TC genesis and intensification has been significantly explored globally, however, to our

knowledge over the SWIO there are few studies, and none focusing on the MC. The MC has unique environmental

conditions for TCs genesis, namely the presence of a summer trough which is associated with moist convection (e.g., )

the summer convergence zone, known as the South Indian Convergence Zone, which is associated with zonal wind

convergence and moisture convergence  and the relative higher SST as compared to the same latitude east of

Madagascar . Moreover, the topography of Madagascar has a shielding effect, thus affecting the low-level circulation in

the channel (e.g., ). Given these peculiarities, it is of interest to explore how the environmental factors contribute to the

cyclogenesis in this region. The main objective of this study is to assess the relationship between the seasonal to

interannual variability of the VWS and TC genesis frequency and intensity in the MC.

3. Discussion

Lower values of mean 200–850 hPa VWS over the SWIO are observed during the period December–February, with a

distinct band (values below 6 m/s) extending across central South Indian Ocean towards southern Africa. In the MC, the

mean position of this band is located between the latitudes 16−22° S. The region is also coincident with the highest

cyclogenesis in the MC, above 40 TC formed in the period here considered. January to March monthly VWS anomalies

maps, plotted together with TC genesis, show that most TCs are formed in regions of negative anomalies, although some

developed to at least TC intensity in regions with positive monthly anomalies. However, it is important to note that the

February mean VWS, over the region where all the cyclogenesis was observed, is within the values considered to be

favorable for TC genesis (e.g., ). The region in the MC with maximum cyclogenesis events is coincident with the mean

location of the center of the MC trough and the months (January and February) with highest events are also coincident

with the period of the peak of strength of the trough. Barimalala et al.  indicate that the interannual variability in the

MCT is associated with moist convection over the MC and is modulated by the location of the warm SST in the south

Indian Ocean. These environmental conditions, as indicated in the introduction, are also important for cyclogenesis. Mean

composite analyses of SST, relative humidity at 700 hPa and divergence at 200 hPa for January and February (with

cyclogenesis) showed significant values, however, at the interannual timescale, no significant correlations were observed

with TC genesis and TC maximum intensity. Statistically significant correlations were only observed between TC

maximum intensity and VWS (200–850 hPa and 500–200 hPa) suggesting the influence of upper atmosphere vertical

wind shear at interannual time scales in the development of TCs.

Correlation analyses of interannual variability of 200–850 hPa VWS (December –March) with Nino 3.4 (SIOD) index at

different lags (SON, OND, NDJ, DJF and JFM), shown in Table 1, were significantly positive (negative). This suggests that

high values of VWS are associated with El Niño, hence not favorable for TC intensification. Most of the 15 cases of TC

that developed to at least TC intensity, developed under La Niña or neutral conditions (six under La Niña, six under neutral

and three under El Niño conditions). It is noteworthy that four cases of the neutral condition were under the negative Niño-

3.4 index. On the other hand, the negative correlation with the SIOD, suggests that warm SST over SWIO, linked to SIOD,
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is associated with weaker VWS over the MC. These results may indicate that both La Niña and positive SIOD are

favorable to weaker VWS and to intensification of TC in the Mozambique Channel.

Analysis of composite anomalies of 200–850 hPa VWS for landfall events suggest that higher values over the MC are

favorable to landfall over Madagascar west coast while weaker values are more favorable to landfall over the

Mozambique coast. Composite analyses of low level geopotential height and wind suggest a significantly strengthened

MC trough during landfall over the Madagascar west coast.

4. Conclusions

The cyclone activity in the MC has not been much studied, particularly the cyclogenesis, however, there is a significant

number of cyclones making landfall or affecting Mozambique and Madagascar that are generated in the MC. The VWS

over the SWIO is characterized by a band of minima magnitude, propagating southward and reaching its maxima

southward position between January and February. Over the MC, the region of minima is associated with the highest

number of cyclogenesis. A total of 43 cases of TC genesis were observed in the MC and 15 developed to at least Tropical

Cyclone intensity. The VWS showed significant correlations with TC intensity, particularly when considering the upper

atmosphere (200–500 hPa) or the bulk (200–850 hPa) VWS. The lower atmosphere VWS (500–850 hPa) did not show

statistically significant correlation, a similar result was observed with the correlations between the TC genesis frequency

and VWS. Analyses of interannual correlations of VWS and Niño-3.4 (SIOD) showed significant positive (negative)

correlations at different lags suggesting that La Niña and positive phase of the SIOD conditions are favorable to weaker

VWS and to intensification of TC in the Mozambique Channel. Thirteen landfall cases were observed with seven over the

Madagascar west coast and six over the Mozambique coast. The landfall cases over the Madagascar (Mozambique)

coast were associated with strengthened (weakened) VWS. The landfall events over Madagascar appear to also be

associated with a significantly stronger MC trough.
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