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Tropical cyclones (TCs) are extrememeteorological events that cause significant

deaths, infrastructure damage, and financial losses around the world. In

recent years, the Eastern Highlands of Zimbabwe’s have become increasingly

vulnerable to TCs caused by Indian Ocean tropical cyclones making landfall

more frequently. There is still a limited understanding of the phenomenon

and the quantification of its impacts. The aim of this research is to conduct

a comparative analysis of the variability in the severity of tropical cyclones by

analysing historical storm tracks and mapping the environmental impacts in

Zimbabwe’s Chimanimani and Chipinge districts. Results indicate that, between

1945 and 2022, the Eastern Highlands of Zimbabwe experienced 5 of the total

865 cyclones in the Southwest Indian Ocean. The maximum sustained winds

from the Cyclone Idai in the Eastern Highlands were recorded as 195 km/h. Some

of the remote sensing-based indices used to extract spatial information about

the condition of vegetation, wetlands, built-up area, and bar land during pre

and post cyclonic events included the Normalized Di�erence Vegetation Index

(NDVI) and Modified Normalized Di�erence Water Index (MNDWI). Analysis of

NDVI in the Eastern Highlands revealed that there was a significant decrease

in vegetated area because of the cyclone impact, with a decrease of 2.1% and

16.68% for cyclone Japhet and Idai respectively. The MNDWI shows a 10.74%

increase inwater content after cyclone Eline. Field validation in 2019 confirms the

research findings. An Operations Dashboard Disaster Management System was

developed in order to disseminate information to the a�ected stakeholders about

the potential risk that the face due to the occurrence of the natural phenomena.

KEYWORDS

Eastern Highlands, Operations Dashboard, remote sensing indices, environmental

degradation, Cyclone Idai

1 Introduction

Tropical cyclones (TCs) also known as hurricanes, typhoons, or cyclones depending

on the region, are strong and well-organized low-pressure weather systems that form over

warm ocean waters close to the equator (Wang and Wu, 2004; Kossin et al., 2014; Tiwari

et al., 2022). TCs display a distinctive structure with severe thunderstorms and rotating

circulation with high winds, and they are distinguished by a well-defined eye at their

center and an eyewall surrounding them (Kossin et al., 2020). The eyewall of the cyclone

is where the storm’s greatest winds and most significant rains fall (Knaff et al., 2017).
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When tropical cyclones (TCs) make landfall, their destructive

impact extends inland for hundreds of kilometers, unleashing

havoc with wind speeds reaching up to 200 km/h and causing severe

rainfall-induced destruction (Marks et al., 2002; Ramos-Scharrón

et al., 2022). This is due to TCs being characterized by high storm

surges, powerful winds, and heavy rainfall, leading to substantial

damage to infrastructure, agriculture, and ecosystems (Mansour,

2019; Ahammed and Pandey, 2021).

Climate change also presents a critical global challenge with

profound repercussions across multiple spheres of the globe,

encompassing extreme meteorological phenomena (Kossin, 2018;

Knutson et al., 2021). Within this context, TCs, hold a significant

place owing to their immense capacity for destruction on a global

scale (Eberenz et al., 2021). The economic ramifications of TCs have

been staggering, with billions of dollars in damages incurred across

affected regions with thousands of lives lost or displaced (Hendricks

et al., 2023).

The Southwest Indian Ocean (SWIO) region, encompassing

the coastal areas of countries such as Madagascar, Mozambique,

South Africa, and Tanzania, is highly vulnerable to the devastating

impacts of cyclones (Ramos-Scharrón et al., 2022). This region is

a known hotspot for tropical storms and cyclones, with significant

loss and damage in the affected areas (Otto et al., 2022). Zimbabwe,

located adjacent to the coastal country of Mozambique, has

experienced a series of cyclones and tropical storms, including

Cyclone Eline in 2000, Japhet in 2003, Dineo in 2017, Idai in 2019,

Batsirai in 2022, as well as tropical storms Chalane in 2020, Eloise

in 2021, and Ana in 2022. These cyclones have disproportionately

affected the provinces of Midlands, Manicaland, Masvingo, and

Matabeleland South, resulting in approximately 1,000 fatalities, $5

billion in property damage, displacement of people, and extensive

environmental degradation (Chatiza, 2019; Mavhura, 2020).

Intense cyclones can also cause substantial damage to

vegetation and have the ability to alter ecosystem structure and

function by quickening up biomass transport and associated

nutrient cycles (Potter, 2014).

Measuring and quantifying TC impacts are essential for

understanding their destructive potential, estimating the threats

they pose to affected communities, and devising effectivemitigation

techniques (Li et al., 2021). Remote sensing, particularly the use

of spectral indices obtained from satellite imagery, is important

in this procedure because it provides crucial data on numerous

impact characteristics. Spectral indices, which are mathematical

combinations of distinct light bands or wavelengths, can be used

to evaluate changes in vegetation health, land cover, and water

bodies, allowing for thorough and objective analyses of tropical

storm impacts (Jin et al., 2020).

The prompt dissemination of information about a TC

occurrence is critical for guaranteeing public safety, supporting

preparedness, and minimizing the possible repercussions of these

extreme weather occurrences (Li et al., 2021). Communication of

information enables individuals, communities, and authorities in

making informed decisions about evacuation, disaster response,

and resource allocation. As a modern communication tool,

interactive dashboards play an important part in this process

by providing real-time updates, visualizing data, and increasing

public interaction. Dashboards allow users to easily examine

data, customize perspectives, and access the most up-to-date

information (Blake et al., 2020).

Countries in the global south face unique challenges and

vulnerabilities in the face of tropical cyclones, necessitating

effective disaster risk reduction strategies, robust communication

infrastructures, and early warning systems tomitigate the loss of life

and property (Dube and Nhamo, 2021; Chiimba and Verne, 2022).

Prompt dissemination of information about TC occurrences

is crucial for protecting public safety, assisting with

preparedness, and mitigating the possible consequences

of these extreme weather phenomena. Dashboards that

are interactive serve as modern communication tools,

allowing for real-time updates, data visualization, and

increased public participation. This study aims to be a

improve tropical cyclone monitoring, measurement, and

communication in the Eastern Highlands of Zimbabwe,

with a focus on understanding their changing characteristics

of TCs, analyzing their impacts, and establishing effective

response strategies.

2 Materials and methods

2.1 Description of the study area

The Eastern Highlands of Zimbabwe (Figure 1), which shares

a border with Mozambique is the area most affected by tropical

cyclones in Zimbabwe. The area has been affected by historical

cyclones such as Idai (2019), Japhet (2003) and Eline (2000).

These districts include Chimanimani and Chipinge (Figure 1),

which have populations of 200,000 and 350,000 people, respectively

with 96.2% of the Chimanimani district population resides in

rural areas.

The main summer rainfall season is from October to March

but on the high mountains can occur throughout the year. Mean

annual rainfall range from 1500 to 2000 mm/year and the elevation

ranges between 300 and 2300 meters above sea level. The Eastern

Highlands also experiences yearly average low and high daily

temperatures ranging between 10 and 28 degrees Celsius (Muchaka

et al., 2022).

The sub-basins that cover the Eastern Highlands are Rusitu

(142 km2), Nyahode (127 km2), Rusitu, Chipita (100 km2), and

Buzi (147 km2). Deep ravines and gorges are separated by steep

valleys in the topography of the Eastern Highlands. The streams are

high-altitude, narrow mountain torrents with rapid flow and rocky

underpinnings (Chabwela, 1994).

2.2 Data acquisition

2.2.1 Field data collection
The locations visited were chosen because they were in the path

of several cyclones that hit Zimbabwe. Cyclone Idai in 2019 was the

most recent and notable of these. The Ngangu landslide deposition

point, Nyahode Bridge, Rutsitu River, Musangazi River, and St

Charles school were all points of interest in observing the visual

impression of the remnants of the cyclone disaster. These sample
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FIGURE 1

Location of the study area, the Eastern Highlands of Zimbabwe.

points were chosen because various indicators of the occurrence of

Cyclone Idai (2019) are still present.

The first data collection campaign was from the 23–25th

September 2022 and involved the collection of GPS coordinates

of locations of interest, as well as the identification of cyclone

indicators of a cyclone path such as landslide scars and deposition,

destruction of weirs and communication infrastructure such as

roads, and bridges, and property damage.

2.2.2 International best track archive for climate
stewardship

In this study, the National Oceanic and Atmospheric

Administration (NOAA) IBTrACS dataset (Knapp et al., 2010;

Kumar et al., 2023) was used. The IBTRACs is a centralized

repository for TC best track data from all TC warning centers

worldwide, and it can be used to investigate the global distribution,

frequency, duration, size, and intensity of TCs. The SWIO’s 3 h

tropical cyclone location and maximum sustained surface wind

(MSW) data from the JapanMeteorological Administration (JMA),

and the US Joint Typhoon Warning Center (JTWC) were used for

this analysis (Kabir et al., 2020). The IBTrACS dataset contains the

historical record of a tropical cyclone in terms of its ocean basin,

time, latitude, longitude, pressure, wind speed, distance to land,

category, distance, and direction between the successive locations

of a TC at 3 h intervals (Kumar et al., 2023). On a 6-h basis, the

term “best track” refers to the best estimate of the TC’s location,

maximum sustained winds, central pressure, and other parameters

(at 00, 06, 12, and 18UTC) during a TC’s lifetime (Kruk et al., 2010).

2.2.3 Landsat data
Landsat data was used for calculating spectral indices. Satellite

data was downloaded from: https://earthexplorer.usgs.gov/. All

images were collected pre and post the cyclonic episodes when

cloud cover was below 30%. This study used Landsat pictures to do

geographic analysis (Rahaman and Esraz-Ul-Zannat, 2021). This

time period allowed for the avoidance of cloud contamination as

well as the reduction of seasonal phenological changes in vegetation

(Sharma et al., 2022).

Data obtained fromLandsat 7 Enhanced ThematicMapper Plus

(ETM+), which was launched on the April 15, 1999 (Chittumuri

et al., 2023). A panchromatic band with a spatial resolution

of 15 meters, an inbuilt full aperture solar calibrator and 5%

absolute radiometric calibration, and a thermal infrared channel

with four times the spatial resolution of Thematic Mapper (TM)

are among the main characteristics of Landsat 7. Table 1 shows data

acquisition for images used in the study.
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TABLE 1 Data acquisition from Lnadsat 7.

Cyclone Image
acquisition date

Spatial
resolution

Path/Row

Eline-Leone 19 December 1999, 9

April 2000

30m 168/74, 168/75

Japhet 13 February 2003, 4 May

2003

30m 168/74, 168/75

Idai 25 February 2019, 29

March 2019

30m 168/74, 168/75

2.3 Image processing

As part of the pre-processing of the Landsat pictures,

atmospheric and radiometric flaws were removed. To cover the

research area, Landsat tiles 74 and 75 were required. As a result,

layer stacking on the bands of the pictures in ArcGIS Pro was

required. The images were then mosaiced.

2.4 Mapping historical cyclones

Tropycal is an open-source Python library and package and was

used to simplify the process of retrieving and analyzing tropical

cyclone data (Burg and Lillo, 2021). The package is capable of

reading tropical cyclone tracks in real time from the International

Best Track Archive for Climate Stewardship (IBTrACS) merged

with the Neumann reanalysis dataset from 1941 to 2022 in the

Southwest Indian Ocean (Burg and Lillo, 2021).

Is the library provides functionality for working with tropical

cyclone data by retrieving, manipulating, analyzing, and visualizing

it. Tropycal performs a variety of functions, including data retrieval

from meteorological agencies and research institutions that collect

data on tropical cyclones from a variety of sources, such as weather

satellites, weather radar, aircraft reconnaissance, and ground-

based weather stations. These data sources contain information

about tropical cyclones’ location, intensity, wind speed, and

other characteristics.

Tropycal Data Manipulation provides tools for altering,

preparing, and gaining insights from tropical cyclone data. Features

including handling missing or incorrect data, translating formats,

and filtering and subsetting data based on criteria are all included.

Tropycal enables data analysis through computations of cyclone

features and estimation of factors using statistical approaches or

algorithms. It also facilitates geospatial visualization using libraries

such as Cartopy and Matplotlib, allowing for the creation of

maps and plots showcasing cyclone trajectories, strength, size, and

other relevant data. Customization options for visual components

enhance the display of data, including color schemes, labels,

legends, and map projections.

2.5 The Sa�r-Simpson scale

The Saffir-Simpson Hurricane Wind Scale (SSHWS) is used

to indicate the strength of an oncoming TC. The scale categories

TCs into five groups depending on wind speed. TCs with winds

TABLE 2 Remote sensing indices and their threshold values (edited from

source: Tauhid Ur Rahman and Ferdous, 2019).

Remote
sensing
indices

Formula Threshold
value

NDVI IR − R
IR + R

>0.2

VTCI LSTmax−NDVIi
LSTmax−NDVIimin

x100 >0.6

MNDWI G−MIR
G + MIR

>0.4

MSAVI (2 ∗NIR + 1
√
((2 ∗NIR + 1)2 8 ∗(NIR − R)))

2
<0.4

NDBI SWIR−NIR
SWIR+NIR

0.1 - 0.3

NDMI NIR−SWIR
NIR+SWIR

>0.6

of 150 mph or more (strong Category 4 and Category 5) are

classified as super cyclones by the Joint Typhoon Warning Center

(JTWS), although all tropical cyclones can be dangerous (Schott

et al., 2019).The Saffir-Simpson Hurricane Wind Scale estimates

the potential for property damage. Despite having extremely severe

gusts, Category 1 TCs will cause minimal damage. A Category

5 cyclone, on the other hand, will cause catastrophic destruction

(Camelo and Mayo, 2021).

2.6 Change detection

Change detection is one of the most effective techniques

for providing an overview of post-disaster impact and recovery

using multi-date moderate to very high spatial resolution satellite

imagery that can be performed in a simple and straightforward

manner (Lu et al., 2004; Hoque et al., 2018). Change detection

is used to distinguish differences in the state of an object or

phenomenon observed at two different times (Martino et al.,

2009). In satellite image-based change detection analysis for

tropical cyclone impact assessment and recovery, there are two

mainstream approaches: pre-classification change detection and

post-classification change detection (Hussain et al., 2013; Joyce

et al., 2018).

The NDVI, MNDWI, Modified soil adjusted vegetated

Index (MSAVI), Normalized Difference Built-up Index (NDBI),

Vegetation temperature condition index (VTCI), and Normalized

Difference Water Index (NDMI) are spectral indices used

for various applications. NDVI measures vegetation health

by analyzing near-infrared and red reflectance values. Table 2

shows the indices formulas and the thresholds used in the

study. MSAVI reduces soil influences on vegetation spectra.

VTCI is used to determine stress on vegetation caused by

temperatures and excessive wetness. NDBI detects urban

changes based on the spectral response of built-up areas.

MNDWI enhances water extraction from built-up regions.

NDMI distinguishes water bodies by comparing NIR and SWIR

reflectance values. These indices provide valuable insights for

environmental studies, land-use and land-cover analysis, and

water mapping.
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2.7 Operations dashboards

The Operations Dashboards in ArcGIS Online provide

customizable web applications for real-time visualization of

resources, people, natural disasters, and events. These dashboards

utilize graphs, gauges, maps, and other visual elements to monitor

status, trends, and facilitate decision-making. The dashboard is

structured into four layers: Data Preparation, Data Management,

Methodology, and Application. The Data Preparation layer

involves gathering and formatting data from various sources,

including Esri Shapefiles and CSV files, as well as accessing

data from the ArcGIS Living Atlas. The Data Management

layer handles the organization and storage of uploaded data

in ArcGIS Online Content. The Methodology layer focuses

on functionality and user interface design, offering basic and

composite functions for data interaction, visualization, and feature

selection. The Application layer integrates all components, enabling

geovisualization, spatiotemporal visualization, and interactive

access to information on cyclone-affected areas, previous events,

and fatalities.

3 Results and discussion

3.1 Mapping tracks of historical tropical
cyclones

3.1.1 Gridded analysis
A gridded analysis is performed with the construction of a 1-

degree grid. Figure 2 is a plot of the maximum sustained wind

recorded at each grid point. The highest maximum sustained

wind (253.72–370.4 km/h) in the Southwest Indian Ocean (SWIO)

is being experienced in 50◦E and 90◦E. Most of the maximum

sustained wind experienced are classified as a Tropical Depression,

Tropical Storm and a Category 1 cyclone. With the lowest

maximum sustained wind being of the Category 5 cyclone.

Figure 3 displays the number of storms in the SWIO for the

period 1945 to 2022. The total number of cyclones within the

region is estimated to be 865. The highest number of cyclones being

experienced range between 45 to 50 storms and are located between

the latitudes 40◦E and 90◦E. In the Eastern Highlands of Zimbabwe

an estimated 5 cyclones have affected the area between 1945 and

2022.

When the threshold is applied (≥37.04 km/h over 24 h) on the

plot of total number of cyclones within the region the total number

of rapidly intensifying storms per 1◦ grid box reduces significantly.

The number of storms has significantly decreased with the increase

in wind speed. The higher wind speed being experienced between

latitudes 40◦E and 90◦E.

3.1.2 Seasonal plot
Figure 4 is a seasonal plot of TCs in the SWIO for the 1999–

2000 season. A total of 10 TCs were observed in the basin and

they were all named. Three of them were classified as Major TCs

namely, cyclones Connie, Leone-Eline and Huddah which were

given a category 4 classification. The Cyclone Leone-Eline was the

only one to make landfall In Zimbabwe during the season.

The 2002–2003 season depicted in Figure 5 shows the

occurrence of a total of 14 Storms, 13 of which were named.

Météo-France, the meteorological agency in charge of designating

cyclones in the SWIO, uses a specified set of criteria These criteria

include intensity, which typically corresponds to when the cyclone’s

maximum sustained winds reach or are forecasted to reach 62

kilometers per hour, impact, which is expected to be potentially

significant, and forecast track if it is expected to track withinMétéo-

France’s area of responsibility (World Meteorological Organization

Tropical Cyclone Programme, 1983; Kuleshov, 2014). In the 2002–

2003 season, 3 were also classified as Major TCs. These cyclones

were Gerry Japhet and Kalunde, with cyclone Japhet making

landfall in the study area.

Figure 6 shows the results for the 2018–2019 Season plot. This

season had the highest total number of storms with 15, 14 of

which were named and 11 being classified as Cyclones. 9 of these

cyclones were classified as being major cyclones namely cyclones

Alcide, Kenanga, Cilida, Gelena, Funani, Haleh, Idai, Joaninha, and

Kenneth.

There is seen to be in increase in the number of TCs being

observed in the basin throughout the years from the 10 recorded

in the 1999–2000 season and the 15 recorded in the 2018–1019

season. The increase in in the TCs has also led to an increase

in the intensities of the cyclones being experienced on season

experiencing 9 major cyclones.

There has been recent evidence of increasing TC intensity in

the South-West Indian Ocean basin, this increase has been linked

to climate change and there is growing confidence that this trend

will continue during the next century (Thompson et al., 2021).

According to Vidya et al. (2020), the frequency and intensity of

cyclones are directly related to rising sea surface temperatures

(SSTs). Hence, the mapping of Historical TC occurrences is critical

for disaster prevention since serious floods or landslide events are

typically connected with heavy rainfall induced by the events (Jian

et al., 2023).

3.2 Climatological analyses

A climatological analysis (Figure 7) exhibits the climatological

correlation and distribution of wind and minimum mean sea level

pressure (MSLP) of Cyclone Idai (2019). A TC’s intensity has

a direct relation to its central pressure; the lower the pressure,

the more powerful the storm and its maximum sustained winds.

Cyclone Idai began its life cycle with fairly typical wind-MSLP

relationship, but ended up toward the end of the life cycle with

an unusually high MSLP given the sustained wind speeds while

maintaining its size.

Cyclone Idai had sustained winds of up to 119 km/h and a

minimum mean central pressure of about 942 hPa as generated

by the TroPYcal package, which would have classified the cyclone

as a category 1 cyclone according to the Saffir Simpson Scale.

However, this was significantly lower than the sustained winds of

160–180 km/h that were reported by categorizing the cyclone as a

category 3 (Probst and Annunziato, 2019).
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FIGURE 2

SWIO Average wind (km/h) for 1945–2022.

FIGURE 3

Number of storms in the SWIO for 1945–2022.
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FIGURE 4

The 1999–2000 South Indian TC season.

FIGURE 5

The 2002–2003 South Indian TC season.

Figure 8 depicts the climatological correlation and distribution

of Cyclone Freddy’s maximum sustained wind and minimum

mean sea level pressure (MSLP). (2023). The minimum sea

level pressure (MSLP), which can be observed from aircraft

reconnaissance flight level or measured directly using surface or

dropwindsonde, is possibly the most accurate and dependable
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FIGURE 6

2018–2019 South Indian TC season.

FIGURE 7

Tropical cyclone pressure vs. wind for cyclone Idai (2019).

metric of tropical cyclone (TC) intensity. The destructive potential

of TCs, on the other hand, is more closely tied to the maximum

wind speed at or near the surface (Knaff and Zehr, 2007).

The lowest central pressure was around 978 hPa, while the

greatest sustained wind was an estimated 102 km/h, classifying

the weather phenomenon as a Category 1 storm. This is
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significantly different from the Category 5 category that the cyclone

received based on the observed 270 km/h sustained winds. The

TroPYcal package appears to underestimate the intensity of the

cyclones.

3.3 Change detection analysis

Various change detection analysis methods have been used

in this study. The NDVI, MSAVI, NDMI and NDBI are

performed on the pre- and post-disaster images of cyclones

Japhet, Leone-Eline and Idai. The extent and magnitude of

vegetation, aquatic bodies, and built-up areas were measured

using indices (Rahaman and Esraz-Ul-Zannat, 2021). Due to

the ease of use and availability of remote sensing, spectral

indices have the potential to transform the way emergency

planners prepare for and undertake variability mapping and

damage assessments.

3.4 Spatiotemporal dynamics of NDVI

NDVI has been used to identify healthy vegetation areas from

satellite images, and the threshold value for NDVI is 0.2, as

values greater than this value indicate vegetation areas (Rahaman

and Esraz-Ul-Zannat, 2021). The results showed a highest degree

of change was detected by the significant abrupt decrease of

approximately 16.68% in vegetated areas after the occurrence of

cyclone Idai with a subsequent increase an estimated 11.68% in

barren land. Table 3 shows cyclone Eline having significant increase

FIGURE 8

Tropical cyclone pressure vs. wind for cyclone Freddy (2023).

TABLE 3 NDVI statistics of the eastern highlands.

LULC classes Pre-cyclonic phase Post cyclonic phase

Area (in% of total area)

Eline Japhet Idai Eline Japhet Idai

Water body 13.04 10.76 11.27 20.3 14.1 24.82

Barren land 21.07∗ 16.71 22.14 27.05∗ 17.46 28.0

Built-up 12.51 14.5 17.20∗ 10.82 13.20 12.04∗

Sparse vegetation 28.15∗ 28.32 23.19 19.62∗ 27.23 15.23

Dense vegetation 25.23 29.71 26.20∗ 22.21 28.01 19.91∗

The asterisk (∗) values represent the corresponding highest and lowest values of change.
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FIGURE 9

Cyclone Idai NDVI spatiotemporal pattern (A) Pre-cyclone; (B) Post cyclone.

in barren land of about 12.43% which corresponds to the 6.36% loss

in dense vegetation and 17.85% loss in sparse vegetation. Cyclone

Japhet experienced the least disruption with approximately 2.19%

increase in barren land and about 2.46% loss in vegetation.

This destruction increases overall runoff load (Figure 9), the

potential for increased flood hazards, and more sediments due to

water erosion on hillslopes and rivers, which increases net soil

erosion and water turbidity, resulting in reduced water quality and

increased sediment load in surface waters in the watershed.

3.5 Spatiotemporal dynamics of VTCI

The VTCI method results represented the sensations of heat

that cause arduous effect and the identification of flooding

occurrences across the study area. The soil moisture is an indication

of the cyclonic flooding influence over the region. The results for

the VTCI depict the flooding in the region (Table 4). The highest

wetness post-cyclone was observed after cyclone Eline with 0.91

with the cyclone Japhet being the lowest observed with a VTCI of

0.74. These results also reflected the intensity of the cyclones. These

results also correspond to the MNDWI and NDMI that show an

increase in the water content of the affected areas.

TABLE 4 VTCI statistics of the eastern highlands.

Pre-Cyclone Post-Cyclone

Eline 0.58 0.91

Japhet 0.52 0.74

Idai 0.61 0.86

3.6 Spatiotemporal dynamics of MSAVI

MSAVI can be used when it is important to reduce the influence

of soil background and improve the dynamic range of plant

signal, allowing for better detection of changes that have occurred.

The MSAVI results indicate a negative change, which might be

attributed to flooding generated by the cyclone due to destruction

of vegetative cover. The MSAVI results (Figure 10) are consistent

with the NDVI in that they show a decrease in vegetative cover and

an increase in bare soils. The largest changes detected.

The results suggest that cyclone Idai destroyed around 6.03% of

the sparse vegetation, the largest percentage of the three cyclones,

as well as a 3.81% loss in dense vegetation and a 4.69% rise in bare

land. Cyclone Leone-Eline caused a small decrease in vegetative
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loss, with 61% in sparse vegetation, 2.04% in dense vegetation, and

3.60% in barren land. Cyclone Japhet caused the least amount of

change, with 1.55% loss in sparse vegetation and 1.12% increase in

bare land.

3.7 Spatiotemporal dynamics of NDMI

The NDWI analysis results (Table 5) show that there was an

accumulation of inundated areas. Cyclone Idai showed the highest

increase in moisture content with an increase of 15.11% and a

corresponding decrease in dry areas of about 15.11% Cyclone

Leone-Eline had an estimated increase 13.77% decrease in dry

areas, and Cyclone Japhet had the least amount of inundation with

about 8.46%.

3.8 Spatiotemporal dynamics of MNDWI

Figures 11, 12 shows the increase in water content after the

occurrence the TCs and the subsequent decrease in vegetated and

built-up areas after the MNDWI is calculated. MNDWI increased

the high reflectance of water by using Green wavelength and

decreased the low reflectance of water features by using Mid-

infrared wavelength. On this index, water area has high positive

values, whereas other vegetation, soil, land area, and non-water area

have zero to negative values (Halder et al., 2022).

Cyclone Eline had the highest increase in water content

at an estimated 10.74%. cyclone Idai resulted in about 8.98%

increase and Japhet had an increase of approximately 1.9%. The

increase in water content is an indication of the waterlogged areas

due flooding.

However, the MNDWI Indices underestimates the

vegetation loss caused by the TCs compared to the

results for the NDVI results with Cyclone Idai, Japhet

and Eline experiencing a decrease of 3.14%, 0.42%, and

7.91% respectively.

This can have negative environmental consequences

such as soil and bank erosion, bed erosion, siltation, or

landslides. It can cause vegetation damage, and pollutants

carried by flood water can have an impact on water quality

infrastructure damage. The results also correspond to those of

the NDMI, which show a significant increase in the amount of

moisture available.

3.9 Spatiotemporal dynamics of NDMI

The NDMI analysis results show that there was an

accumulation of inundated areas. Cyclone Idai showed the

highest increase in moisture content with an increase of 15.11%

and a corresponding decrease in dry areas of about 15.11% Cyclone

Leone-Eline had an estimated increase 13.77% decrease in dry

areas, and Cyclone Japhet had the least amount of inundation

with about 8.46%. The NDWI also provides an indication

of which areas are likely to flood in the event of heavy and

continuous rains. According to the analysis, areas along the river

course, streams, and water surfaces are vulnerable to flooding

(Twumasi et al., 2022). The NDMI of Cyclone Eline (Figure 12)

shows a significant increase in vegetation water content after

the event.

TABLE 5 NDWI statistics of the Eastern highlands.

Total% change

Leon-Eline Japhets Idai

Very wet 14.35 8.46 11.27

Wet −1.64 −3.85 3.84

Dry −9.25 −1.94 −11.64

Very dry −3.47 −2.67 −3.47

FIGURE 10

MSAVI statistics for the Eastern highlands.
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FIGURE 11

MNDWI statistics for the Eastern highlands.

FIGURE 12

Cyclone Eline NDMI spatiotemporal pattern (A) Pre-cyclone; (B) post cyclone.
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FIGURE 13

Cyclone Idai NDBI spatiotemporal pattern (A) Pre-cyclone; (B) post cyclone.

3.10 The spatiotemporal dynamics of NDBI

NDBI is a useful indice for identifying built-up areas from

satellite images, with NDBI values ranging from 0.1 to 0.3

(Figure 13). After the occurrence of cyclone Idai, there is a

significant decrease in the built-up environment as indicated by

the NDBI. There was a significant decrease in the built-up area

after cyclone Idai occurred. An estimated 13.725% decrease in

infrastructure was experienced within the area. Ngangu in Ward

15 and Kopa in Ward 21 were the areas that suffered severe

damage to infrastructure. There was also an estimated 11.30%

decrease infrastructure was also experienced after the occurrence

of cyclone Eline and the lowest decrease was from cyclone Japhet

at approximately 5.25%. The incidence of cyclones may have been

thought to be the cause of rising water depth in some locations.

This has a wide range of socioeconomic consequences for health,

politics, technology, social, economy, and education.

3.11 Disaster management system

The Eastern Highlands Cyclone Dashboard was designed for

a variety of stakeholders, including Eastern Highlands residents

who are directly affected by the severe weather. The water

managers or any other parties who are interested in the cyclonic

events. When a user enters the interface, they can retrieve

information on the most recent cyclone tracks, such as cyclone

Freddy, and its route, as well as the affected locations in

its path.

Figure 14 shows a geospatial dashboard which serves as

a Disaster Management system for the Eastern Highlands of

Zimbabwe. The objective of the platform is to provide the relevant

stakeholders of affected TCs an overview of the impacts of

TCs within the areas. In addition, people are given information

regarding potential threats from current and future tropical

cyclones. The Dashboard shows amap of the area it covers as well as

statistics of previous cyclones such as the number of deaths, injuries

and missing persons recorded.

A graph depicting the start dates of the TCs that occurred in

the SWIO in 2023 is also included on the dashboard. The storm

number (STORMNUM), which serves as the cyclone’s identifier,

the length of the cyclone, and the Saffir Simpsons scale value of the

cyclone event.

Cyclone Freddy information that can be accessed by means

of the Dashboard. The data includes the start and end dates of

the Cyclone’s Saffir Simpson scale (SS) at that location. The storm

classification (STORMTYPE) also refers to the intensity of the
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FIGURE 14

Operations Dashboard for the Eastern Highlands (link: https://www.arcgis.com/apps/dashboards/44858be328c9459d95cad2a995a79391).

cyclone at that time. This enables dashboard users to determine the

strength of the cyclone in affected wards.

Another function of the Dashboard is a graph displaying

historical data on cyclone Idai deaths which interacts with the map

in the dashboard. The Deaths are recorded by wards and when

selected, they zoom in to the ward and reveal the ward information

and the number of deaths in the area.

4 Conclusions

In conclusion, this study highlights the feasibility and

importance of utilizing satellite data for mapping the comparative

variability of tropical cyclones (TCs) in the Chimanimani and

Chipinge Districts. The findings reveal an increasing frequency and

intensity of TCs in the Southwest Indian Ocean (SWIO) region.

The NDVI and MSAVI indices provide valuable insights into the

extent of vegetation damage caused by cyclones, with Cyclone Idai

being the most destructive. The Operational Dashboard emerges

as a crucial tool for disaster management, enabling stakeholders

to identify and prepare areas at high risk of TC impacts.

This study contributes to the understanding of TC patterns

and facilitates informed decision-making for mitigating future

cyclonic events. Further research and continuous monitoring are

recommended to enhance the effectiveness of TCmapping and risk

assessment strategies.

5 Recommendations

1. Long-termmonitoring systems and trend analysis using spectral

indices to track and analyze cyclone damage trends over time.

This can contribute to a better understanding of the evolving

patterns and impacts of cyclones.

2. Satellite imagery of higher resolution is important

better definition of variability in areas that get

affected by TCs.

3. Development of damage severity indices that can

quantitatively assess the severity levels of cyclone

damage, enabling prioritization of response and

recovery efforts.

4. Application of machine learning techniques to automate

the detection and classification of cyclone damage using

spectral indices.

5. Integrating climate change projections into cyclone

damage assessment methodologies. In cooperating

future climate scenarios, including changes in

cyclone intensity, frequency, and tracks, to better

understand the potential impacts of climate change on

cyclone-induced damage.
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