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Abstract
Water presence within small wetlands serve as a determining factor in�uencing biodiversity productivity
and wetland functionality. Small wetlands remain largely unprotected hence, they are more sensitive to
frequent exposure to environmental modi�cations, and are less resilient to changing rainfall patterns,
climate change and variability, droughts and changing land use practices. Accurate and up to date spatial
and temporal information on changes in surface water and inundation extent becomes imperative for the
proper management of these wetlands. Therefore, this study sought to extract and monitor wetland
ecohydrological dynamics (surface water and inundation extent) using monthly Sentinel-2 MSI remotely
sensed datasets. These dynamics were assessed for the period between July 2020 and June 2021 using
the modi�ed normalised difference water index (MNDWI), normalised difference moisture index (NDMI)
and normalised difference phenology index (NDPI) derived from Sentinel-2 MSI data. The results showed
that the rainy season (Dec 2020 – Feb 2021) had a larger-water coverage extent (10948 m2 (0.05%) to
31594 m2 (0.13%)) when compared to the dry season (July 2020: 19157 m2 (0.04%) and June
2021:14429 m2 (0.03%)). The extent of surface area declined during the dry period due to less rainfall
(0.20 mm) and decreased actual evapotranspiration (9.90 mm – 10.43 mm). Further, the NDPI showed a
high concentration of wetland vegetation between the months of October 2020 and April 2021. In
contrary, higher moisture content was observed between December 2020 to April 2021. The increase in
vegetation concentration and moisture content re�ects the spatial extent of inundation extent. Wetland
water extent, soil moisture, and vegetation condition were assessed with high overall accuracies, ranging
between 70.83% and 97.36%. Overall, the results indicate that small wetlands are characterised with
signi�cant variations in levels of inundation and productivity throughout the year.

1. Introduction
Wetlands are distinctive and complex ecohydrological systems that occur within a wide range of climatic
and topographic environments (Olefeldt et al., 2017; Thamaga et al., 2021). They are de�ned as areas
with low water levels, often near ground surface, characterised by hydrophytic plants during the growing
season (Barducci et al., 2009; Liu et al., 2020). Wetlands exist where soil are either saturated or inundated
with water for a varying duration (seasonal, inter-annual and decal) and frequency (Li et al., 2015; Zhang
et al., 2020). Their ecological processes are strongly in�uenced by hydrological processes, which control
surface water and groundwater recharge dynamics, as well as inputs and outputs of dissolved matter
and sediments. Despite covering a smaller proportion of land (3% − 8%), unprotected wetlands distributed
across sub-Saharan Africa offer several ecohydrological, and socio-economic bene�ts (Tiner et al., 2015;
Marambanyika & Beckedahl, 2016; Gxokwe et al., 2020; Dzurume et al., 2021). These wetlands, for
example, support the livelihoods of neighbouring rural communities and often-poor households with
water, particularly in water-scarce areas. Small wetlands play a critical role in rural economics as they
sustain thousands of smallholder farmers for years than larger protected wetlands (Azumi, 2010; Tanko,
2013). In the Southern and Central Africa, ‘dambos’ continue to support water provision, seasonal
agriculture, grazing and �shing (Wood and Thaw, 2013). In areas where access to water is scarce or



Page 3/22

limited during dry season such as the highlands of Ethiopia, wetlands regulate hydrological cycle and
enhance water availability in the region (Finlayson et al., 2005). Water availability within wetlands serve
as a baseline factor in�uencing ecosystem biodiversity hotspots. Water presence and wetland spatial
extent in a wetland re�ect its hydroperiod, which is the period of water level �uctuations that take place in
a wetland over time (temporary, seasonal, or permanent) (Jackson et al., 2014). Small wetlands, on the
other hand, are under tremendous pressures and are being radically transformed to non-wetland habitats,
which may lead to expansion owing to both anthropogenic activities (water diversion, intensive
agricultural and industrial development, water abstraction) as well as natural processes (rainfall
variability, evapotranspiration, drought, climate change).

Despite the vast expanse and bene�ts, small wetland ecosystems are highly vulnerable and undergo
immense pressure from natural and anthropogenic activities and their survival is threatened. For
instance, Marambanyika and Sibanda (2020) demonstrated that wetlands in Zimbabwe decreased in
their spatial extent by 3.6% in 1980s, when compared with 1.8% in 2015. On the other hand, Thamaga et
al. (2021) illustrated that Maungani wetland in South Africa lost 43.10 % of its spatial extent in the year
1983 and 13.85 % in 2019. These studies highlighted that a decline in wetland areas have been mainly
attributed to an increase in the built up areas. Other studies revealed that unprotected wetlands are highly
vulnerable to environmental and anthropogenic changes through alterations of hydrological regimes,
which threaten wetland areas and their-dependent species (Al-Obaid et al., 2017; Bhanga et al., 2020;
Wanjala et al., 2020). Natural processes including change in temperature, rainfall patterns,
evapotranspiration, drought rate and erosion have fast-tracked wetland water losses (Xia et al., 2017;
Chen et al., 2018). It was noted that river channels and associated �oodplain wetlands signify spatial and
temporal hydrological changes due to �ooding and drought rates affecting inundation area (Lambs,
2020). The decrease in the water table disrupts the interactions between surface and groundwater and
often shortens the hydrological regime of the �ood plain wetlands (Li et al., 2018). On the other hand,
anthropogenic modi�cations resulting from dam construction, increased rural-urban developments
because of increased population growth alter hydrological regimes in stream channels and riparian
wetlands causing changes in wetland ecohydrological dynamics (Millennium Ecosystem Assessment
(MEA), 2005). Gordon et al., (2010) reported that due to intensive agricultural practices, wetlands are
drained and approximately 27% of them are being lost. Furthermore, processes such as desiccation,
salinization, eutrophication, contamination, emergence of alien plant species disrupt wetland biodiversity,
spatial extent, water quality and availability (Thamaga and Dube, 2018b; 2019). With climate change
expected to signi�cantly alter South Africa’s rainfall patterns, wetlands will play a more important role
than ever before in mitigating the impacts of extreme events like �oods and droughts (Knoesen et al.
2009). To date, hydrological dynamics of small wetlands serving nearby communities remains poorly
quanti�ed and managed due to the lack of management prioritization. Therefore, there is a need to
accurately and frequently monitor small wetlands to put proper management practices in place and
support sustainable management of wetland water resources.

Accurate extraction of wetland water and inundation extents is of great signi�cance for planning,
monitoring, and protection of these systems. Monitoring wetland ecohydrological dynamics, using
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traditional techniques have proven ineffective due to the di�culties in capturing the spatial heterogeneity
and sampling errors. In addition, these methods are costly, time consuming, labour intensive and
restricted in terms of spatial coverage (Thamaga and Dube, 2019; Thamaga et al., 2021). The use of
satellite-based remote sensing as an alternative can accurately detect and monitor small to larger
wetlands in near real time providing observations of hydrological �uxes, inundation spatial extent over
time, particularly in regions where in-situ networks are sparse (Tanko, 2013). Several sensors such as
Landsat datasets, Sentinel-2 and MODIS have proven promising in studying wetland inundation, surface
water estimation, water quality and hydrological cycle (Ali et al., 2016; Thamaga and Dube, 2019;
Chiloane et al., 2020; Dzurume et al., 2021).

Previous studies utilised various methods to identify, map, and monitor the distribution of wetlands,
surface water bodies, inundation, and non-water areas (Niemuth et al., 2010; Wright, 2010). Some of the
water delineation methods used include the inter-spectral relation method, exponential mode, decision
tree and thresholding (Zhu et al., 2011; Mondal and Pal, 2018). Furthermore, appropriate spectral bands
were combined using various algebraic operations to enhance capabilities to differentiate water coverage
areas from non-water bodies. Water indexing techniques to extract surface water bodies include
Tasselled Cap Wetness (TCW), Normalised Difference Water Index (NDWI), Land Surface Water Index
(LSWI); Modi�ed NDWI (MNDWI), Automated Water Extraction Index (AWEI), Water Ratio Index (WRI),
Water Index (WI) for water body extraction (Sarp and Ozcelik, 2017; Chiloane et al., 2020). The e�ciency
of each for extraction of water bodies was assessed, using the overall accuracy and kappa coe�cient
(Poulin et al. 2010). These indices perform differently in extracting surface water or inundation areas. For
instance, the study by Chiloane et al. (2020) tested multiple indices in Kgalagadi Transfrontier Park of
Southern Africa to Pan Inundation and associated seasonal changes within the park. Results from the
study showed that MNDWI outperformed other indices in extracting pan inundation. In this study, we
sought to extract and monitor surface water and inundation area for small wetlands using monthly
Sentinel-2 MSI datasets for the period between July 2020 and June 2021. We further assessed the
variability in wetland productivity using the newly developed NDPI as a proxy for vegetation condition.

2. Materials And Methods

2.1. Study area
The study was conducted in Maungani wetland located within 30°26'30'' E, 22°59'05'' S and 30°25'45'' E,
22°58'45'' S longitude and latitude (Fig. 1). The wetland is adjacent to the Dzindzi River, a tributary of
Levuvhu River within the Luvumbu quaternary in the Limpopo Transboundary River Basin (LTRB) of
Limpopo Province, South Africa. Soutpansberg Mountains in�uence the climatic condition of the study
site (Adeola et al., 2019). The area has an annual rainfall ranging from 7 mm to 642 mm yearly and areal
temperature ranging between 18°C and 37°C. The annual average relative humidity is 75%. Along site, the
wetland area there is agricultural practices taking place such as crops. The Maungani wetland is
characterised by stamp lands, as well as marshy vegetation, further, it is dominated by vegetation species
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as: Cyperus papyrus L., Phragmites australis, Echinochloa pyramidalis and Thelypteris interrupta species.
The inundation area in the study was also characterised by relating to vegetation coverage (Table 1).

 
Table 1

Characteristics of Sentinel-2 MSI used in the study
# Bands Wavelength (µm) Resolution (m)

1 Coastal/ 0.43–0.46 60

2 Blue 0.44–0.54 10

3 Green 0.55–0.58 10

4 Red 0.65–0.68 10

5 RE1 0.70–0.73 20

6 RE2 0.73–0.75 20

7 RE3 0.77–0.79 20

8 NIR 0.76–0.90 10

8A NIR narrow 0.86–0.88 20

9 Water vapor 0.94–0.96 60

10 Cirrus 1.36–1.39 60

11 SWIR – 1 1.54–1.68 20

12 SWIR – 2 2.08–2.32 20

 

2.2. Ancillary data
In this study, meteorological datasets mainly monthly average rainfall data and mean temperature were
acquired from the South African Weather Services (SAWS) (https://www.weathersa.co.za/) for
Thohoyandou AWS station from July 2020 to June 2021. In addition, the monthly actual
evapotranspiration (ET) was obtained from the MODIS data. The ET data was extracted on monthly basis
between July 2020 to June 2021 ET was used to assess the amount of evaporation and transpiration lost
in Maungani wetland. Meteorological and ET data was used to infer on the observed satellite derived
wetland ecohydrological dynamics i.e. inundation extents, surface water variability and vegetation
condition.

2.3. Image acquisition and processing
Dry and wet seasonal monthly Sentinel-2 MSI images for the period between July 2020 and June 2021,
were retrieved from the European Space Agency (ESA) Copernicus Open Access Hub
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(https://scihub.copernicus.eu/). The raw satellite images were pre-processed using the Sentinel
Application Platform (SNAP) tool for atmospheric, geometric, and radiometric corrections using Sen2Cor
module in SNAP software before being used for the computation spectral metrics. Sentinel-2 MSI data
were also converted to Top-of-Atmosphere re�ectance value to correct Bottom-of-Atmosphere (BOA).
Subsequently, bands 1, 9 and 10 were excluded from the datasets. Then, the images were then resampled
at 10 m, using a bilinear method and was subset to the study site extent.

2.4. Topographic position
The topographic position in this study was used as a supplementary indicator of wetland occurrence.
Digital Elevation Model (DEM) is commonly used to generate topographic metrics such as elevation,
slope, aspect, and curvature. In this study, DEM downloaded from https://dwtkns.com/srtm30m/ was
used to derive Topographic Wetness Index (TWI). TWI is a hydrological parameter that is in�uenced by
�ow intensity and water �ow accumulation at a hydrographic catchment point (Buchanan et al., 2014).
TWI is also an index for soil moisture, which affects growth and composition of vegetation (Gábor et al.,
2020). The value of TWI de�nes the quantity of water content stored in slope constituent materials, which
can affect slope instability. Since the aspect is given in degrees with both 0 and 360 degrees facing north,
aspect was computed in radians and then sine transformed to range from − 1 to 1. Slope stability factor
has a big in�uence on the mechanism of �ash �ood. The drainage system and the rainfall that occurs
in�uence this. TWI quanti�es tendency of grid cells to receive and accumulate water (Sörensen et al.,
2006). This index has been successfully used for studying vegetation patterns and predicting the spatial
distribution of plants (Sørensen et al., 2006). Soil type data was retrieved from the ISRIC data hub
(http://data.isric.org/). TWI equation is de�ned as:

Where A is the upslope contributing area and β is the local slope angle. The higher TWI of a cell, the
higher tendency to accumulate water and or inundation area.

2.5. Measuring wetland hydrology and inundation dynamics
using derived spectral indices
To assess wetland hydrological dynamics for twelve months period (from July 2020 – June 2021), the
Modi�ed Normalised Difference Water Index (MNDWI) (Eq. 1) after Xu, (2006) was applied to identify,
discriminate, and measure surface water from non-water pixels within the study area. MNDWI is
dimensionless and varies between − 1 and + 1, where the higher value of MNDWI leads to high water
content. These indices provide accurate extraction of open water features better than standard NDWI.
According to Ji et al. (2009) the differences in water surface is a di�cult task using common threshold
value due to dynamic nature that changes depending on sub-pixels of land cover components. The
selection of these bands is done to maximize the re�ectance of water features by using green light
wavelengths and to minimize the low re�ectance of SWIR by water features by taking advantage of the
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high re�ectance of vegetation and soil features in SWIR band (Du, 2016). The MNDWI value is determined
according to the following equation:

The Normalised Difference Moisture Index (NDMI) shows the moisture variations of the land surface,
being highly correlated with the water content of the vegetation and is a good indicator of vegetation
change (Rouse et al., 1974; Bernstein, 2012). The NDMI (Bernstein 2012) values ranges between − 1 and
1. The positive value represent high moisture content while negative value represents lower moisture
level. NDMI is calculated using the near infrared (NIR) and the short-wave infrared 1 (SWIR 1) bands,
according to the following equation:

We assessed wetland vegetation, using the Normalised Difference Phenology Index (NDPI) (Wang et al.,
2017). The NDPI is mathematically robust and performs superior to NDVI for differentiating vegetation
from the background, theoretically justifying NDPI for spring phenology monitoring. The NDPI (Eq. 4)
integrates NIR, red and SWIR bands to extract vegetation information. It ranges between − 1 and 1, where
value is closer to -1 represent low vegetation concentration, while value closer to + 1 represent high
vegetation concentration.

2.6. Accuracy analysis
Field data points (60) for non-water area and open water surface were derived using high spatial
resolution of Google Earth Images. For duration of this study, sample points were used to validate the
water presence within Maungani wetland. Extracted multi-values for MNDWI, NMDI and NDPI were then
used to derive classi�cation accuracies. The derived ecohydrological dynamics were then compared with
climatological and ET data to establish trends and infer on the observed wetland conditions.

3. Results

3.1. Monthly extraction of surface water derived using
MNDWI.
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Wetland water presence and inundation extents were extracted from Sentinel-2 derived indices. Satellite
derived wetland water availability vary signi�cantly across the area under study (Figs. 2 and 3). High
water presence was recorded in summer season (December 2020 – February 2021) cover an area of
10948 m2 (0.05%), 29772 m2 (0.12%) and 31594 m2 (0.13%), followed by August 2020 and September
2020 covering an area of 12711 m2 (0.05%) and 19157 m2 (0.08%), respectively. In July 2020 water
covered an area of 10312 m2 (0.04%), August 2020 (12711 m2 (0.05%)) and in September the area
increased to 19157 m2 (0.08%). During the study period, there was less water coverage was observed
during dry period, which had experienced less precipitation with increased temperature variability. The
least water presence was observed in November 2020 covering a portion of 5295 m2 (0.02%),
respectively.

3.2. Monthly variation of wetland vegetation distribution in
relation to inundation periods using NDPI
The monthly variation in wetland vegetation condition results obtained vary from 0.75 (higher) to − 0.49
(low). It can be observed in Fig. 4 that there is a higher concentration of wetland vegetation in northern
part of the wetland, with a medium to low con�guration in the centre to southern part of the wetland area
in July and August 2020, respectively. In September 2020, the larger dominating part of the wetland area
has less cover than the northern part, which has medium cover. Wetland vegetation with medium cover is
observed from the centre to southern part of Maungani wetland in October 2020. In November 2020, a
gradual rise was observed. Furthermore, months of December 2020 to April 2021 had higher vegetation
con�guration than other months selected in this study. In May and June 2020, there was a reduction in
vegetation from the centre of the study towards the southern part of the wetland. Monthly variation,
rainfall, temperature, and evapotranspiration trends have an in�uence on the reduction of wetland
vegetation productivity.

3.3. Monthly variation of moisture within the Maungani
wetland area
Figure 5 shows monthly distribution of moisture content in Maungani wetland area using NDMI. The
�ndings retrieved vary from as low as − 0.80 to 0.55. From the study, it was evidence that months
between December 2020 and April 2021 experienced medium to high amount of moisture. In July 2020
and August 2020 high, moderate, and low moisture content were observed in the northern, middle, and
southern part of the study. While, in October 2020, November 2020 and June 2021, reduction in moisture
content was observed in the northern part of the study area. From the �ndings, it can be observed that
September had the lowest moisture content amongst other months.

3.4. Accuracy assessment derived to extract surface water
coverage, moisture, and vegetation distribution.
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During the study period overall classi�cation accuracy were used to assess extraction capabilities of
NDMI, NDPI and MNDWI. The NDPI achieved overall accuracy ranged from 70.83–91.65%, respectively.
While NDMI extracted the moisture within the wetland with high overall accuracy of 95.63% and 73.47%.
Lastly, MNDWI achieved overall accuracy of 78.31% and 97.36%.

3.5. Relationship between rainfall pattern, Temperature and
Evapotranspiration
Figure 7 shows a monthly rainfall and mean temperature trend within the Maungani wetland area. It can
be observed from the results that the wetland area experiences both low and high rainfall and
temperatures. Rainfall was found higher during wet period in December 2020, January 2021 and
February 2021 with 18.44 mm, 20.45 mm, and 12.85 mm, respectively. During drier periods, rainfall was
lower, ranging from 0.20 mm in May 2021 to 0.60 mm in July 2020. On the other hand, it can be observed
that mean monthly temperature ranged between 16.15°C in July and 25.65°C in December.

Figure 8 shows the relationship between monthly (July 2020 – June 2021) water extent and actual
evapotranspiration (ET). It can be observed that seasonal variation in�uences the actual ET trends within
the wetland, where wet periods experience higher ET than drier periods. Meanwhile, the maximum ET
value (139.16 mm) was observed in December 2020 and the minimum ET value of 9.90 mm in June
2021. During the �rst six months (July – December 2020), a gradual increase in actual ET trend was
observed from 10.43 mm in August 2020 to a maximum peak of 139.16 mm in December 2020.
Furthermore, the decline in ET was observed between January and June 2021 from 132.39 mm to 9.90
mm. The results also con�rmed that the water availability or coverage had high ET estimate between
November 2020 and February 2021, compared to other months.

4. Discussion
The increasing number of remotely sensed datasets provide new opportunities for surface water and
inundation monitoring of small wetland ecosystems in water-stressed environments. As a result, this
study sought to map and assess the monthly wetland water and inundation variations (July 2020 – June
2021), using the Sentinel-2 MSI derived modi�ed normalised difference water index (MNDWI), normalised
difference moisture index (NDMI) and normalised difference phenology index (NDPI) in Maungani
wetland of Limpopo Transboundary Basin. Sentinel-2 MSI with improved spatial (up to 10 m on certain
bands), temporal (5-days revisit) resolution and freely available provide a detailed and timely information
critical to wetland ecologists and water resources managers. This information will strengthen policies,
management systems, monitoring, and quanti�cation of neglected small wetland ecosystems serving
neighbouring communities and improving rural economies.

4.1. Small wetland response to monthly rainfall,
temperature, and evaporation variability
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Water presence is the main factor controlling wetland ecohydrological dynamics and its functionality.
Wetlands respond differently to variations in rainfall, increased evapotranspiration, and temperature. The
�ndings of the study revealed that rainfall, evapotranspiration, temperature, and water coverage trends
were higher during summer months (December 2020, January 2021, and February 2021) as compared to
dry months (July 2020, August 2020, May 2021, June 2021). The period facilitated wetland water losses
and reduced inundation extent through evapotranspiration. The study by Zou et al. (2017) shown that
rainfall increases soil moisture content, inundation, and water availability within wetland ecosystems.
These provide a clear picture of monthly wetland water �uctuation and inundation area during the period
of study. The increase in evapotranspiration rate far exceeds rainfall hence a signi�cant effect in wetland
water presence (Dini and Everard, 2016). During the dry periods, evapotranspiration rates increased
resulting in signi�cant wetland water losses and wetland vegetation condition (Evenson et al. 2016).
Mathews et al. (2019) mentioned that wetland inundation spatial extent is dependent on upstream
rainfall and on the ambient trends of evapotranspiration and in�ltration or groundwater recharge.
Furthermore, the impacts of evapotranspiration due to increased net radiation energy reduces vaporised
inundation area as well as moisture availability in small wetlands. Wetland water availability and soil
moisture during summer months re�ects inundation extent which is strongly related to con�guration of
vegetation community.

The NDPI results demonstrated similar trends with inundation extent and moisture variability. In cases
where Maungani wetland area experience less rainfall and reduced inundation extent resulted in
disruption of vegetation productivity. In Poyang lake of China, dramatic changes in hydrological changes
condition, which greatly in�uenced wetland vegetation were observed (Petus et al., 2013). Similar
observations were observed by Smith et al. (2011) stating that disconnected streams reduced water
presence and inundation extent that affected wetland species diversity and productivity. Water shortages
during low rainfall periods and rising temperatures resulted in prolonged drought, leading to the drying up
of small wetland ecosystems. The reduction in monthly inundation extent and water presence has a
signi�cant in�uence on wetland vegetation productivity. Drought encroachment within the wetland area
increases the susceptibility of wetland vegetation productivity and complicates wetland functionality.

Water de�cits in the wetlands represent a severe threat to ecohydrological systems (Lesk et al., 2016). In
addition to climate factors, anthropogenic land-use activities alter water �ow, water availability and
inundation extent. Further, the modi�cations of the underlying surface characteristics, such as soil
moisture, vegetation community, surface roughness, temperature, changes water and heat balance at
surface. These have long-term implications to the surrounding communities relying on wetland
ecosystem. Excessive wetland water withdrawal for irrigation purpose drains water table beyond its depth
and these disrupts vegetation dependent on inundation area, deteriorates and complicates irreversible
ecohydrological system (Nevill et al., 2020). The wetlands connected with aquifers experience reduced
inundation due to either drying of aquifers or excessive withdrawals for agriculture purposes (Smith et al.,
2011). The agricultural malpractices are putting additional strain on wetlands, resulting in drying up of
the ecosystem, and the impacts are being exacerbated by increasing temperatures with less precipitation
(Martin et al., 2020).
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Our results showed the applicability of Sentinel-2 MSI and metrics (MNDWI, NDPI, NDMI) in assessing
wetland water availability and inundation extent in Maungani wetland. The results obtained using
MNDWI, NDPI and NDMI managed to retrieve water, vegetation, and moisture information with high
classi�cation accuracies during the study period. Satellite extracted ecohydrological data provide
baseline information for creating early warnings of impending transitions. With the information gathered
from the study, management strategies and decisions can be drawn to protect small wetland ecosystems
from further degradation. Although developing countries depends heavily on the ecohydrological system,
policies that monitor withdrawal of wetland water need to be enforced to regulate agricultural related
activities in these wetlands.

4.2. Implications of using remotely sensed dataset to study
wetland ecohydrological system.
Existing small wetland ecohydrological systems have deteriorated and/or disappeared, yet there is little
information available on wetland water and inundation extent. Furthermore, the hydrological dynamics of
unprotected wetlands are in�uenced by drought or erosion, climatic conditions, and anthropogenic
activities, which contribute to the deterioration of wetland ecosystems and make rehabilitation di�cult
and expensive (Grenfell et al., 2009). Monitoring these ecosystems using Sentinel-2 MSI contributes to a
better understanding of ecohydrological systems. However, these images have limitations, such as cloud
cover during the wet season, which limits the capability to extract monthly water availability and
inundation extent (Whitcraft et al., 2015). Despite a 5-day overpass period, the frequent cloud cover
during rainy season, and shadows make accurate monitoring and mapping of wetland water and
inundation areas di�cult.

5. Conclusion
This study assessed monthly variation of wetland water presence and inundation area using monthly
Sentinel-2 MSI dataset. Monthly imageries dating from July 2020 – June 2021 were used to extract water
and inundation areas using MNDWI, NDPI and NDMI. From the results following conclusions were drawn:

During the period of study, MNDWI, NDMI and NDPI used achieved overall classi�cation accuracies
ranging from 70.83% − 98%, respectively.

Between October 2020 and April 2021, �ndings revealed that there is high moisture and phenological
coverage that indicate the wetness within the Maungani wetland area.

Results derived using MNDWI showed that water covering the Maungani area varies during Winter
(July and August 2020), spring (September) and summer season (December 2020, January 2021,
and February 2021).

The �ndings derived from this study provide new insights on small wetland ecosystems. Moisture and
phenological information provide better understanding of wetland inundation area which is critical for
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devising sustainable management strategies. Adopting the use of digital technologies at a local level will
be critical in safeguarding small wetlands that in this regard remain understudied.
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Tables
Due to technical limitations, table 1 is only available as a download in the Supplemental Files section.

Figures

Figure 1

Maungani wetland study area.
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Figure 2

Monthly surface water coverage depicted from July 2020 to June 2020.
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Figure 3

Seasonal variation in wetland water coverage derived using MNDWI.
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Figure 4

Monthly variation in NDPI as a proxy for wetland vegetation condition.
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Figure 5

Monthly moisture variation depicted between July 2020 and June 2021.
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Figure 6

Overall classi�cation accuracies achieved from different combination of the three algorithms (NDPI,
NDMI and MNDWI) and Sentinel-2 sensors.

Figure 7

Monthly mean rainfall and temperature for the period between July 2020 and June 2021.
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Figure 8

Relationship between the extracted water extent and actual evapotranspiration from July 2020 to June
2021.
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