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Introduction
Understanding and characterising the spatial and temporal fire regimes is essential for improving 
our knowledge on vegetation species composition (Hardtke et al. 2015; Uys, Bond & Everson 
2004). Fire is both a naturally occurring and human-induced phenomenon that may be beneficial 
or catastrophic to the ecosystem and human lives (Baudena et al. 2015; Devineau, Fournier & 
Nignan 2010). While fire is deemed to be a necessary occurrence for the health and diversity of 
some ecosystems, on the contrary, it may cause complete destruction of some ecosystems (Bucini & 
Lambin 2002). Fires that occur over lengthy time periods have collectively been identified as fire 
regimes and are defined by factors such as frequency, severity, intensity, spatial pattern and 
seasonality (Gill 1975). Human activities have altered the natural fire regimes through increased 
fire ignitions and fire suppression (Bond & Parr 2010; Bond & Zaloumis 2016). Furthermore, 
altered fire regimes in turn impact negatively on the ecosystem by promoting the dominance of 
alien invasive species and compromising natural resources (Hardtke et al. 2015). Fires also have 
wide-ranging implications for carbon dynamics and air quality (Bucini & Lambin 2002). Socio-
economic impacts of altered fire regimes may comprise increased fire frequencies, which directly 
leads to more damage to property, infrastructure and livestock losses, increased risk of soil erosion 
and risk of run-off and in extreme cases loss of human life (Barbosa et al. 1999; Uys et al. 2004). 
Consequently, there is a need to quantify fire patterns especially in areas of biological significance. 
Therefore, mapping and monitoring fires can assist in the implementation of effective management 
strategies and equip land managers with the necessary information for regulatory requirements 
(Chu & Guo 2015; De Araújo & Ferreira 2015).

Traditionally, fire information on grasslands and savannah ecosystems was obtained through 
techniques that were tedious, time consuming and expensive, such as field surveys that are laborious 
and hand-drawn fire maps (Mitri & Gitas 2013; Tian et al. 2005). Technological advances in remote 
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sensing over the years have increased the ability to suit the 
unique applications needed for fire management (Chu & Guo 
2015; Pereira 2003; Zhan et al. 2002). Remote sensing provides 
cheap, consistent and unbiased observations of fire activity by 
providing essential information such as the size, timing, location 
and spatial extent of the fire (Archibald & Roy 2009; Laris 2005). 
Various studies have  successfully utilised remote sensing 
in  mapping and quantifying fire regimes in different regions 
using different earth observation sensors, that is, moderate 
resolution imaging spectroradiometer (MODIS), Landsat and 
spot (Boschetti et al. 2015). For example, in South Africa, Hudak, 
Fairbanks & Brockett (2004) used Landsat TM imagery 
supervised classification to map burnt areas in the savannah 
biome. Archibald et al. (2010) used the MODIS sensor to produce 
a visual interpretation of fire regimes in Southern Africa. In a 
more recent study, Goodwin et al. (2013) used a time series of 
Landsat TM/ETM+ imagery to quantify fire activities in the 
state of Queensland, Australia. These studies demonstrate the 
utility of satellite remotely sensed data in mapping burnt areas.

The aforementioned sensors use two direct fire detection 
methods to achieve burnt area mapping over large areas. 
The  fire detection methods used in remote sensing are 
(i) active fire detection, which detects thermal anomalies, and 
(ii) mapping of burnt areas, which concentrates on the impacts 
fire has on the vegetation (Bucini & Lambin 2002; Roy & 
Boschetti 2009; Tsela at al. 2014). The burnt areas are often 
characterised by ash, bare ground and other physical changes 
in vegetation (Boschetti et al. 2015; Roy et al. 2008). It is the 
detection of these physical and spectral changes in vegetation 
that permits burnt area mapping over time and space 
(De Araújo & Ferreira 2015; Roy et al. 2008).

Sensors that have been extensively utilised in mapping 
burnt areas are Advanced Very High Resolution Radiometer 
(AVHRR), Landsat and recently MODIS (Pereira 2003; 
Mitri & Gitas 2013). The use of these sensors largely depends 
on the scale at which fires are to be mapped. For instance, 
AVHRR is characterised by a spatial resolution of 1000 m and 
a daily temporal resolution, which has proven to be the most 
efficient and practical means of fire mapping at a regional 
scale (Chu & Guo 2015; Mitri & Gitas 2013). However, the 
low thermal sensitivity and low spatial resolution of the 
sensor inhibits the accurate detection of fires that are less 
than its pixel size, thus underestimating the burnt area (Mitri & 
Gitas 2013; Pereira 2003). Subsequently, MODIS overcame 
the flaws associated with AVHRR by providing a trade-off 
between fire mapping over time and space (Martín et al. 
2002). Furthermore, the temporal resolution of MODIS makes 
it a better source of burnt area data when compared to other 
sensors such as Landsat with a 16-day temporal resolution 
(Tsela et al. 2014). MODIS also allows for a long time series of 
burnt area mapping, courtesy of its high temporal resolution 
compared to other sensors listed above.

Although the earliest remote sensing methods failed to 
distinguish burnt areas from areas exhibiting similar spectral 
reflectance such as croplands (Csiszar et al. 2003), recent 
studies have utilised MODIS burnt area and active fire method 

simultaneously to determine the burnt areas. For instance, 
Devineau et al. (2010) used MODIS active fire data in 
conjunction with burnt area data and noted that small 
fragmented fires were better detected by active data, while 
burnt data revealed the large continuous flames that were not 
detected by the active data. However, the above studies did 
not compare the inter-annual variability and fire distribution 
patterns over different vegetation types, which is a critical 
step in biodiversity management.

Inter-annual variability in fire incidence and burnt area vary 
between vegetation types (Laris 2005; Uys et al. 2004). The 
disparities of fire occurrence among vegetation are influenced 
by numerous physical, biological and cultural factors that 
include fuel properties, plant structure, micro-climate and 
topography (Baudena et al. 2015; De Araújo & Ferreira 2015). 
These variations trigger different responses between and 
within plant species. For instance, grasslands that are 
characterised by fine dry fuels will experience more frequent 
fires than deciduous vegetation with a high moisture content 
(Barbosa et al. 1999; Govender, Trollope & Van Wilgen 2006; 
Uys et al. 2004). Therefore, it is essential to understand how 
these parameters vary across different vegetation types, as 
this will inform area-specific fire management and inform 
policy makers.

KwaZulu-Natal (KZN) is an area with high summer rainfall 
and long dry winter periods. Anthropogenic drivers such as 
intense fires, grazing and urbanisation lead to degradation 
and transformation of grasslands in KwaZulu-Natal. For 
example, human activities have been the main driver 
resulting in the current endangered threat status of the KZN 
Sandstone Sourveld (Mucina et al. 2005). Despite the small 
portion under conservation management, knowledge about 
the fire regimes in KZN vegetation types is still rudimentary. 
Inappropriate fire regimes may threaten the existence of 
endemic species in the different vegetation types, particularly 
in the drier regions that are more prone to fire (Archibald & 
Roy 2009). In that regard, it is important to map and 
understand the historical fire regimes in the different 
vegetation types to achieve proper management strategies 
specific to a certain vegetation type.

In this study, we therefore assess the variations of fire regimes 
as a function of different vegetation types in KZN using MODIS 
burned fire products. The objective of this study was to quantify 
the annual burnt area, fire frequency and fire seasonality in 
KwaZulu-Natal based on MODIS burnt area products.

Materials and methods
Study area
The study area is located in the Eastern part of the KwaZulu-
Natal Province, situated within five municipalities, S29° 58’ 
4.79”, E30° 33’ 17.99” The area is characterised by a variety of 
vegetation types, but for the purpose of this study, emphasis 
was placed on only four types. These are the Ngongoni Veld, 
Eastern Valley Bushveld, KZN Coastal Belt and KZN 
Sandstone Sourveld (Figure 1). These vegetation types were 
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FIGURE 1: Location of the study site and the spatial extent of the Ngongoni Veld, KwaZulu-Natal Sandstone Sourveld Grassland, Eastern Valley Bushveld and KZN Coastal 
Belt vegetation types.
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selected because their heterogeneity provides a fire-prone 
environment that influences fire patterns and behaviour 
(Bucini & Lambin 2002). The region experiences hot summers 
and cool dry winter months, which promote the occurrence 
of fire, at the same time maintaining the integrity of the 
different vegetation types. The region receives precipitation 
ranging from 800 to 1200 mm annually. The maximum 
temperatures in summer may range from 27°C to 32°C, with 
winter temperatures dropping to between 4.7°C and 15.1°C.

KZN Coastal Belt Grassland occurs at very low elevations 
(20–450 m) and is dominated by Themeda triandra. It is 
classified as Endangered (Mucina et al. 2005). Ngongoni Veld 
is dominant in low elevation areas (400–900 m). This veld is 
dominated by Aristida junciformis and wooded vegetation in 
higher altitudes. This vegetation type is also classified as 
endangered with less than 1% under conservation. KwaZulu-
Natal Sandstone Sourveld occurs between 500 and 1100 m. 
This species-rich grassland is also characterised by Proteaceae 
and shrubs (Mucina et al. 2005). The grassland is endangered 
as much of its original extent has been transformed by 
human activities. The Eastern Valley Bushveld occurs at high 
elevations, ranging from 100 to 1000 m. Fire tends to be less 
abundant in this vegetation compared to other areas because 
species in this vegetation type tend to retain more moisture 
in their tissues in the dry season making them less susceptible 
to fire damage (Mucina & Rutherford 2006). Savannah 
woodlands and succulents flourish in this vegetation 
community. The vegetation is the least threatened but only 
0.8% is formally conserved (Mucina et al. 2005). This is 
because the Eastern Valley Bushveld occurs in areas less 
suitable for development and is subjected to slow habitat 
transformation compared to the other vegetation types.

Fire data derived from satellite imagery
MODIS (MCD45A1) burnt area data sets covering a period of 
10 years (2004–2013) were used to map fires in the above-
mentioned vegetation types. The MODIS burnt area data sets 
have a temporal resolution of 8 days and spatial resolution of 
500 m covering the period from 1 April 2001 till the present day 
(Roy et al. 2015). The sensor estimates the exact date of the fire 
and provides the location of fires (Roy et al. 2015). Furthermore, 
an accuracy assessment study conducted in Southern Africa 
showed that MODIS can detect about 75% of the burnt area 
(Roy & Boschetti 2009). Therefore, the product can successfully 
be utilised to map burnt areas across local and regional scales.

The Modified Fill Algorithm developed by Archibald and 
Roy (2009) was used to identify individual fires from the 
burnt areas. The algorithm uses the Julian dates to group 
neighbouring pixels that burnt in 8 days/1 km and gives 
them a unique identity as in Archibald et al. (2010). Polygons 
that had the same identity were dissolved to form a single 
individual fire. The algorithm was applied throughout the 
data set until all the individual fires were identified. Applying 
the algorithm throughout the 10-year data set permitted the 
analysis of fire frequency, seasonality and burnt areas in the 
different vegetation types over the 10-year period.

Annual burnt area
Monthly burnt area data (areas that contained a fire within 
the period of a month) were merged for each year in order 
to  produce annual burnt area data from 2004 to 2013. The 
annual burnt area data were overlaid with the vegetation 
(Ngongoni Veld, Eastern Valley BushVeld, KZN Sandstone 
Sourveld and KZN Coastal Belt) layers to calculate total 
annual burnt area per vegetation type over the 10-year 
period considered in this study. The results were histograms 
illustrating the distribution of burnt area expressed as a 
proportion of total area of each vegetation type over the 
10-year period.

Fire frequency
The annual burnt area layers from 2004 to 2013 were 
combined using the raster calculator. The number of times 
that a pixel burnt from 2004 to 2013 was calculated. Despite 
the fact that merging created an overlap of the fire polygons 
for each year, the characteristics and spatial integrity of the 
original fire were preserved (Wittkuhn & Hamilton 2010). 
A  fire frequency map, expressed as the mean fire return 
interval in 10 years was produced. The classes ranged from 
1 to 2 years; from 2 to 5 years; from 5 to 7 years and from 7 to 
10 years.

Fire season
The one-way analysis of variance (ANOVA) test was 
conducted to evaluate whether there were significant 
differences in burnt areas across the fire season. In this study, 
the fires that occurred from January to April and October 
to  December were not included because there were no 
significant fire activities detected by MODIS during those 
months (Archibald et al. 2010; Bond, Midgley & Woodward 
2003; Bond & Parr 2010; Uys et al. 2004). The length of fire 
activity (seasonality) and that of high-burnt area months was 
presented.

Results
Annual burnt area
The total burnt area per vegetation type varied considerably 
across the 10-year period of study. A general increase in burnt 
area was between 2004 and 2009 after which the burnt areas 
begin to decrease. Specifically, the highest burnt area was 
observed in 2009, while the lowest burnt areas were observed 
in 2004, 2011 and 2012 (Figure 2). The KZN Sandstone 
Sourveld had the highest total burnt area (80%) in 2009, while 
the KZN Coastal Belt and Eastern Valley Bushveld had the 
least burnt area of <5%. The Ngongoni Veld maintained high 
burnt areas of over 60% from 2005 to 2010 (Figure 2).

Fire frequency
Each type or area of vegetation has been burnt for at least 0–2 
years within the 10-year study period (Figure 3). Generally, 
short fire return intervals of 0–2 years were observed along 
the northern region of the study area. Short fire return 
intervals (0–5) were observed in the Eastern Valley Bushveld 
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and the KZN Coastal belt. While the Ngongoni Veld and 
KwaZulu-Natal Sandstone Sourveld had longer fire return 
interval ranging from 5 to 10 years, in the extreme eastern 
and southern parts of the study extent (Figure 3).

Fire seasonality
ANOVA testing showed that there were statistically significant 
(p < 0.05) differences in terms of burnt area over the 7 months 
from March to September (Figure 4). Low-burnt areas were 
observed in March, the burnt areas start to increase at the 
onset of the dry season in May (mean = 3000 ha) reaching the 
highest burnt areas in July (mean = 13,000 ha) and then 
decreasing towards the end of the dry season in September 
(mean = 2872 ha).

A seasonal pattern was observed in burnt area across different 
vegetation types. Generally, a high percentage of burnt 
area  was observed between June and August (Figure 5). 
A relatively low percentage of area was burnt in March and 
April across all the different vegetation types. Specifically, 
the highest total burnt area was observed in June across the 
KwaZulu-Natal Sandstone Sourveld, Ngongoni Veld and 
KwaZulu-Natal Coastal Belt. The exception is the Eastern 
Valley Bushveld, where the majority of fires burnt in August 
(< 40%).

A summary of fire seasonality from 2004 to 2013 is illustrated 
in Table 1. It was observed that the fire season for most of the 

years lasted for up to 7 months with years 2005 (4 months) 
and 2009 (5 months) having shorter fire seasons. March and 
April are the 2 months with the least burnt area, while July 
and August had the highest burnt area (Table 2).

Discussion
This study sought to assess the variations of fire regimes as 
a  function of different vegetation types in KZN using 
MODIS burnt fire products. The objective of this study was 
to  quantify the annual burnt area, fire frequency and fire 
seasonality in KwaZulu-Natal based on MODIS burnt area 
products.

The results of this study showed a general increase in burnt 
area that was observed between 2004 and 2009, after which 
the burnt areas began to decrease. This trend can be explained 
by years of high precipitation resulting in high moisture 
content in 2004 and 2005, followed by warm dry periods 
(2006 and 2009) characterised by high combustion fires 
(Archibald et al. 2010; Laris 2005).

There was a high variability in total area burnt across the 
different vegetation types. Specifically, the KwaZulu-Natal 
Sandstone Sourveld and Ngongoni Veld incurred the highest 
burnt area and a high frequency of evenly distributed 
fires across space, followed by Eastern Valley Bushveld and 
lastly the KZN Coastal Belt, respectively. Furthermore, the 
Ngongoni veld maintained high-burnt areas from 2005 
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FIGURE 2: Total burnt area (expressed as proportion of total area within each vegetation type) in the (a) KZN Sandstone Sourveld, (b) Ngongoni Veld, (c) Eastern valley 
Bushveld and (d) KZN Coastal belt over a 10-year period
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to  2010. This is consistent with assertion by Pereira (2003) 
that the Ngongoni Veld is a fire-prone vegetation type. 

The  susceptibility of the Ngongoni Veld to fire can be 
explained by its grass species composition (Bond & Zaloumis 
2016). The dominant grasses in Ngongoni Veld are the 
unpalatable Aristida junciformis, which is widely associated 
with low grazing pressure; hence, it accumulates resulting in 
high fuel load, which frequently causes intense veld fires 
(Davies et al. 2010; Edwards 1983; Shea, Shea & Kauffman 
1996). Furthermore, the high-burnt area observed across the 
6 years in the Ngongoni Veld could also be attributed to the 
strong seasonal variability of precipitation in the savannah 
biome, which increases the dry combustibles that enable the 
vegetation to burn annually (Dwyer et al. 2000; Nelson et al. 
2012). Studies by Davies et al. (2010) and Edwards (1983) 
attest to these findings. Davies et al. (2010) illustrated that 
non-grazed rangelands had two times more standing biomass 
and greater fuel accumulation compared with the grazed 
rangelands. In the eastern regions of South Africa, Edwards 
(1983) noted that unpalatable grasses of the Missbelt 
Ngongoni Veld type accounted for three-quarters of burnt 
area recorded.
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The KwaZulu-Natal Sandstone Sourveld is composed of the 
unpalatable sour grass species, which senesce during the dry 
season. This being because of reduced nutrients in grasses, 
which result in high fuel loads that attract veld fires (SANBI 
2014). In that regard, it is not surprising that the results of 
this  study indicated that the KwaZulu-Natal Sandstone 
Sourveld was the vegetation type that is most susceptible 
to  incurring high-burnt areas. Results of this study are 
consistent with those of Smith et al. (2012), who reported that 

the nutrient-poor soils and reduced grazing of the Sourveld 
sites led to more frequent and extreme veld fire occurrences 
in the Kruger National Park.

Furthermore, the utility of fire as a rangeland management 
tool also explains the high fire frequency observed in the 
Ngongoni Veld and KZN Sandstone Sourveld (Bond & 
Zaloumis 2016; Freckleton 2004; Kepe 2005). Fire is induced 
by human activities so as to suppress the growth and spread 
of unpalatable grasses. Similarly, Kepe (2005) showed that 
the rural communities in Pondoland characterised by 
unpalatable mature Aristida junciformis grasses were 
frequently burnt to pave way for the fresh and palatable 
new  grass shoots for livestock. In addition, the KwaZulu-
Natal Sandstone Sourveld is a fire-dependent ecosystem that 
thrives on regular burning for maintaining the integrity of 
the grassland by suppressing the encroachment of woody 
vegetation as well as the spread of alien invasive species 
hence the high-burnt areas and frequency (SANBI 2014; 
Trollope, Trollope & Hartnett 2002).

Results of this study also indicated a low-burnt area (<5%) 
as  well as low fire frequency in the KZN coastal belt. This 
could be attributed to the extensive land use practises 
(i.e. urbanisation, sugarcane farming and plantations which 
have transformed about 50% of the KZN coastal belt, reducing 
the vegetation surface area upon which fires can occur. As a 
result, low-burnt areas and uneven fire distribution are 
observed in this vegetation type (Bond & Zaloumis 2016; 
Mucina et al. 2005). Specifically, the extensive land use 
practises and the highly fragmented coastal vegetation limit 
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FIGURE 5: Percentage of the KwaZulu-Natal Sandstone Sourveld, Ngongoni Veld, Eastern Valley Bushveld and KwaZulu-Natal Coastal Belt that burnt in each month (March 
to September).

TABLE 1: The spatial extent (ha) of the Ngongoni Veld, KwaZulu-Natal Sandstone 
Sourveld Grassland, Eastern Valley Bushveld and KZN Coastal Belt.
Vegetation type Area (ha)

Ngongoni Veld 189,973
KwaZulu-Natal Coastal Belt 202,707
KwaZulu-Natal Sandstone Sourveld 56,103
Eastern Valley Bushveld 99,180

Source: Mucina and Rutherford 2006

TABLE 2: Fire seasonal patterns, highlighting the month of peak fire activity, 
length of the fire season (seasonality) and months with least burnt area.
Year Length of fire 

season
Months of small to no  
burnt area

Peak month of  
fire activity

2004 7 months - August
2005 7 months - July
2006 7 months - July
2007 5 months March and April July
2008 7 months - July
2009 5 months March and April July
2010 6 months May July
2011 4 months March, May, June (technical issues) August
2012 6 months March June
2013 6 months March July

Source: MODIS burned area products
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the spread of fires along the KZN Coastal Belt. These results 
are consistent with those of Russell-Smith et al. (2007); they 
identified dissected vegetation and human activities such as 
road construction as being responsible for fragmenting the 
landscape, thus breaking fuel continuity and in turn limiting 
the spread of fire.

The mesic nature of coastal vegetation may have also 
contributed to the low fire frequency and equal distribution 
of fires from June to September (Figure 5) in the KZN coastal 
belt (Hudak et al. 2004; Scott-Shaw and Morris 2014). The 
mesic coastal vegetation is characterised by ‘evergreen 
vegetation’ because of the prevalence of high rainfall and 
moisture conditions, which make this vegetation type less 
susceptible to fires. Moreover, the high rainfall received by 
coastal vegetation throughout the year results in the increment 
of relative humidity and moisture content, which lowers the 
amount of combustible material. Consequently, less burnt 
area was observed in the KwaZulu-Natal Coastal Belt.

The low fire frequency in the Eastern Valley Bushveld 
illustrated by the results of this study can be explained by the 
abundance of succulent plants and the steep nature of the 
topography (Mucina et al. 2005). The fire-resistant succulent 
plants (Aloe matlothii and Euphorbia ingens) tend to invade 
the  grasses, thus preventing fire spread and lowering fire 
distribution. Additionally, the steep nature of the topography 
of the Eastern Valley Bushveld may have negatively affected 
the spread of fire. These findings are in accordance with those 
of Kernan and Hessl (2010), who noted that vegetation 
located along steep complex topography were subjected to 
lower fire frequencies because of geographical barriers that 
isolate trees from fire for prolonged periods.

In the context of fire seasonality, results indicated that the 
majority of fires occurred from June to August, with fewer 
fires occurring in March, April, May and September. This 
seasonal pattern of fire was uniform across all the vegetation 
types. This is not surprising as most fires occur during the 
dry season after the senescence period (Bucini & Lambin 
2002; Govender et al. 2006; Hudak et al. 2004). Results of 
Govender et al. (2006) demonstrate that vegetation obtains 
high fuel moisture content in summer (88%), with an average 
moisture content of 53% in autumn and decreases to about 
28% in winter. The results of the study further indicate that 
the length of the fire season and peak fire months (June and 
July) varied over the 10-year study period (2004–2013). The 
year 2009–2011 (Table 1) had a shorter fire season. The fires 
from 2009 to 2011 may have started later into the dry season 
(July), because of a long wet season that resulted in high 
moisture content accumulation (Bond & Keeley 2005; 
Wittkuhn & Hamilton 2010).

Conclusion
This study evaluated the variations of fire regimes among 
different vegetation types in KZN using MODIS burnt 
area  products. Specifically, this was done to quantify the 
annual burnt area, fire frequency and fire seasonality in 

KwaZulu-Natal based on MODIS burnt area products. Based 
on the results of the current study, we conclude that:

•	 Remotely sensed data (MODIS fire data products) can be 
successfully used to understand the spatial extent and 
distribution of fire activities in different vegetation types.

•	 In KwaZulu-Natal, Ngongoni Veld and KwaZulu-Natal 
Sandstone Sourveld were the areas that incurred largest 
burnt areas.

•	 Fire frequency is high in the eastern region of the study 
area (grasslands and savannahs) with lower frequencies 
along the coastal region.

•	 Thus, implementing management strategies that are 
unique for a particular vegetation type is imperative.

The large proportion of burnt area observed in the KwaZulu-
Natal Sandstone Sourveld and Ngongoni Veld confirms the 
need for regular and accurate monitoring of fire activities in 
these vegetation types. In addition, flexible burning practises 
should be implemented to promote high species diversity 
in these vegetation types. The MODIS burned area products 
can ensure timely monitoring of the fires, which can aid in 
decision making by land managers.
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