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Abstract 

Background  Two of Ghana’s ecological zones—Guinea-savanna zone (GSZ) and Forest-savanna mosaic zone 
(FSZ)—are practically homologous in terms of structure and floristic composition, with some differences. The various 
sub-ecosystems that make up these areas are being depleted and losing their natural values due to various threats. 
There is little understanding about the fire trends in these areas due to a lack of data and poor accessibility to exist-
ing fire statistics. This study aimed to contribute to the understanding of the trends of area burned and active fire 
in the Guinea-savanna and Forest-savanna mosaic zones in order to inform policy-makers about sustainable manage-
ment options. We used the Moderate Resolution Imaging Spectroradiometer (MODIS) daily active fire (MDC14ML) 
and burned-area (MCD64A1) products to characterize the fire regime in terms of seasonality, intensity, density, burned 
area, frequency, and trends during the study period of 2001 to 2021.

Results  This study indicated that fire activity started in October and peaked in December (GSZ) and January (FSZ). 
The mean proportion burned was approximately 39.95% (burned area of 2659.31 km2; FSZ) and 60.05% (burned area 
of 3996.63 km2: GSZ), while the frequency was approximately 42.87% (1759.95 of active fires; FSZ) and 57.13% (2345.26 
of active fires: GSZ). In 2018, GSZ recorded the largest burned area (19 811.2 km2, which represents an average of 825.5 km2 
of the total area burned from 2001 to 2021) with 4719 active points detected. FSZ recorded its greatest burned area 
in 2015 (8727.4 km2; which represents an average of 363.6 km2 of the total area burned from 2001 to 2021) with 5587 
active points recorded. In addition, it was found that specific times of the day (1000 h to 1420 h) recorded the majority 
of burned areas. In overview, between 2001 and 2021, burned areas increased by an average of 1.4 km2 (FSZ) and 4.6 km2 
(GSZ), and the number of active fires increased by an average of 4.7 (FSZ) and 4.4 (GSZ) active fires per km2.

Conclusions  In conclusion, burned areas and active fires are increasing in both ecological zones. This study demonstrated  
the relevance of remote sensing to describe spatial and temporal patterns of fire occurrence in Ghana and highlighted 
the need for fire control and fuel management by the policies and institutions (e.g., Ghana National Fire and Rescue 
Service) in these important and vulnerable zones (GSZ and FSZ). This is especially true in the Forest-savanna mosaic zone, 
which is increasingly affected by the disasters of wildfires and records more active fires than GSZ, indicating that this 
zone is becoming more and more vulnerable. Therefore, rigorous continuous monitoring is essential, and collaboration 
between organizations fighting for the conservation of natural resources in the field is strongly recommended.
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Resumen 

Antecedentes  Dos regiones ecológicas de Ghana—la Zona de la Sabana de Guinea (GSZ) y el Mosaico de Bosque 
Sabana (FSZ)—son prácticamente homólogas en términos de estructura y composición florística, aunque con 
algunas diferencias. Los distintos sub-ecosistemas que constituyen esas áreas están siendo devastados y perdiendo 
sus valores naturales debido a varias amenazas. Existe muy poco conocimiento sobre las tendencias de los incendios 
debido a la falta de datos y a una pobre accesibilidad a las estadísticas existentes sobre fuegos. Este estudio estuvo 
dirigido a contribuir al conocimeinto de las tendencias de áreas quemadas y fuegos activos tanto en la Zona de 
la Sabana de Guinea (GSZ) como en el Mosaico de Bosque-Sabana (FSZ)—de manera de informar a los gestores y 
tomadores de decisiones sobre opciones de manejo sustentable. Usamos los productos del sensor radiométrico de 
imágenes de resolución moderada (MODIS), de los fuegos diarios activos (MDC14ML) y del área quemada (MCD64A1), 
para caracterizar el régimen de fuegos en términos de estacionalidad, intensidad, densidad, área quemada, frecuencia, 
y tendencias durante el período de estudio ubicado entre 2001 y 2021.

Resultados  Este estudio indicó que la actividad de los fuegos comenzó en octubre y llegó a un pico en diciembre 
(en GSZ) y en enero (en FSZ). La proporción media del área quemada fue de aproximadamente 39,95% (área que-
mada de 2.659,31 km2, en FSZ) y 60,05% (área quemada de 3.996,63 km2, en GSZ), mientras que la frecuencia fue 
aproximadamente del 42.87% o 1.759,95 fuegos activos, en FSZ), y 57,13% o 2.345,26 fuegos activos, en GSZ. En el 
año 2018, GSZ registró la mayor área quemada (19.811,2 km2, o un promedio de 825,5 km2), con 4.719 puntos activos 
detectados, mientras que FSZ registró su mayor área quemada en 2015 (8.727,4 km2), con 5.587 puntos activos 
registrados, lo que representa un promedio de 363,6 km2 de área quemada del total del área quemada desde 2001 
a 2021. Adicionalmente, se encontró que a horas específicas del día (de 10:00 a 14:20 h) se registró la mayor cantidad 
de superficie quemada.

Conclusiones  En conclusión, la tendencia muestra un decrecimiento en la superficie quemada, y un incremento en 
el número de fuegos. Este estudio demostró la relevancia de los sensores remotos para describir los patrones espa-
ciales y temporales en la ocurrencia de incendios en Ghana, y resaltan la necesidad de control de incendios y manejo 
de los combustibles por parte de las políticas e instituciones (e. g. Servicio Nacional de Fuego y Rescate de Ghana) 
en estas zonas importantes y vulnerables (GSZ y FSZ), especialmente en el mosaico bosque-sabana (FSZ), el cual está 
siendo incrementalmente más afectado por desastres de incendios y registra fuegos más y más activos que en la zona 
GSZ. Por esas razones, es fuertemente recomendable y esencial, un monitoreo continuo, riguroso y colaborativo entre 
organizaciones que luchan por la conservación de los recursos naturales.

Introduction
Wildfire is an integral and inevitable ecological distur-
bance process in forest ecosystems worldwide (Bowman 
et al. 2020). However, fire is also a pervasive disturbance 
for many terrestrial ecosystems (Bowman et  al. 2009; 
Pausas and Keeley 2009; Wysong et  al. 2022) and an 
important landscape management tool used by humans 
for millennia (Pyne 1997; Bowman et  al. 2011; Huff-
man 2013). Both natural and anthropogenic burning 
affect ecosystem structure and composition worldwide 
(McLauchlan et  al. 2020). The controlled application of 
fire, such as through prescribed burning, is commonly 
used to reduce fuel and enhance fire breaks to pro-
tect specific tracts of land and limit the spread of wild-
fire (Wysong et  al. 2022). While there is considerable 
debate over the efficacy of prescribed burning in differ-
ent biomes, its application can reduce the impacts of fire 

in some contexts (Fernandes and Botelho 2003; Penman 
et al. 2011). In modern times, large wildfires are increas-
ingly affecting terrestrial ecosystems and threatening 
human health, safety, and livelihoods, posing immense 
challenges for land managers (Krawchuk et al. 2009; Boer 
et al. 2020). In Australia, for example, thousands of fires 
between June 2019 and March 2020 burned more than 
18.6 million hectares, causing 34 fatalities and the loss of 
3500 homes (Munawar et al. 2021).

With respect to African savanna ecosystems, fire is an 
important ecological component (van Langevelde et  al. 
2003). In some areas, landscape composition appears to 
be a less important determinant of the area burned by 
fires (Podur and Martell 2009), although this may vary 
with location (Cumming 2001; Heyerdahl et  al. 2001; 
Bergeron et al. 2004). Researchers have debated the rela-
tive influences of weather, climate, and landscape on fire 
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(Agee 1997). In other regions, such as the Mediterranean, 
fires have differentially burned certain land-use and land-
cover (LULC) types (Moreira et  al. 2001, 2009; Nunes 
et  al. 2005; Bajocco and Ricotta 2008), suggesting that 
landscape is a more critical factor in these regions. In 
the Sudanian savanna-woodland alone, an area stretch-
ing from Senegal in the west to the Ethiopian highlands 
in the east (between 6° and 13° N; Menaut et  al. 1995), 
between 25 and 50% burns annually (Delmas et al. 1991).

Although studies have quantified degrees of burn-
ing by LULC type or other landscape variables for many 
world regions (Cumming 2001; Vázquez and Moreno 
2001; Mermoz et  al. 2005), many have simply provided 
averages of the area burned for the categories of a given 
variable, or they have performed statistical analyses that 
did not fully account for the nature of burned-area data. 
Fires are not normally distributed, and they vary in size 
by several orders of magnitude (Moreno et al. 1998; Kee-
ley et al. 1999; Boer et al. 2008). Also, burned area sample 
units below the level of a single fire are not spatially inde-
pendent, owing to the contiguous spread of fire through 
the landscape. Furthermore, fires are temporally and spa-
tially correlated (Chou et al. 1990).

The dynamic nature of the landscape deserves particu-
lar attention. Therefore, spatial and temporal informa-
tion on savanna fires and controlled burning in savannas 
and vulnerable ecosystems is important for research and 
management within disciplines such as fire ecology (Gibb 
et  al. 2022), atmospheric chemistry (Hao et  al. 1990; 
Menaut et al. 1995), soil studies (Butler et al. 2019), and 
forestry (Liu 2015; Tian et al. 2017; Hopkins et al. 2020). 
Fire hazard on the landscape varies over time, owing to, 
among other factors, post-fire succession and subsequent 
fuel accumulation patterns in burned areas (Wysong et al. 
2022). These spatially heterogeneous processes (Turner 
et al. 1997) change landscape composition and the spatial 
relationships between various areas. Given the relevance 
of these changes in highly humanized landscapes, as in 
the Guinea-savanna or Forest-savanna mosaic regions, 
the assessment of fire risk necessitates an understanding 
of the spatial and temporal changes in LULC characteris-
tics as fires continue to occur.

In Ghana, frequent wildfires generally negatively affect 
social, cultural, and environmental services and eco-
nomic values, especially in the most vulnerable northern 
and transitional regions. Every year, an average of 684 000 
± 4000  km2 (25 to 32%) and 372 600 ± 2600 km2 (46 to 
60%) of land are burned in all of Ghana and the northern 
region of Ghana, respectively. The wildfires of the north-
ern region of Ghana account for 53 to 56% of all annual 
fires, despite accounting for only 29% of the country’s 
total dry land area (Kugbe et al. 2012). Such fires threaten 
the safety of remote communities and outstations and 

incur high emergency response costs. Nowadays, large 
wildfires are increasingly affecting terrestrial ecosystems 
and threatening human health, safety, and livelihoods, 
posing immense challenges for the land tourism industry 
that relies on access to natural environments and outdoor 
activities (Axford and Legge 2008; Blanch 2008; Russell-
Smith and Whitehead 2015). For instance, wildfires in 
tropical savannas are a significant contributor to global 
annual greenhouse gas emissions (Russell-Smith et  al. 
2009).

Our research aimed to contribute to the understand-
ing of the burned area and active fire trends through their 
spatial and temporal dynamics in Ghana’s two ecological 
zones (Guinea-savanna zone, GSZ; and Forest-savanna 
mosaic zone, FSZ) that are most vulnerable to climate 
change. This objective was based on the assumption 
that anthropogenic fire activities are becoming increas-
ingly important in the FSZ as well as in the GZS. This 
assumption is also supported by the climatic realities of 
these different zones. The GSZ has a monomodal climate 
characterized by a wet, rainy season (June to October), 
which stimulates the abundant growth of grasses that dry 
up during the dry season (November to June). However, 
the FSZ has a bimodal climate with wet (April to July and 
September to November) and dry (July to August and 
October to March) periods (Owusu and Waylen 2009; 
Stanturf et al. 2011; Braimah et al. 2022). These climatic 
differences, in one way or another, affect the behavior of 
vegetation fires in these regions.

Policy reorientation in forest and natural resource 
management in Ghana is needed. However, contem-
porary research data needed to inform such change are 
either insufficient or even completely lacking. To fill this 
knowledge gap, 21 years (2001 to 2021) of burned-area 
and active-fire data in the two ecological zones (GSZ 
and FSZ) were studied. Indeed, the issue of climate vul-
nerability led us to select districts such as West Mam-
prusi and West Gonja in the Guinea-savanna ecological 
zone, and Sene and Afram Plain in the Forest-savanna 
mosaic ecological zone to better circumscribe our study. 
The results of this study could be used by management 
to help diminish future increases in fire risk due to cli-
mate change (Christensen et al. 2007) and socioeconomic 
change (Syphard et al. 2008). Furthermore, local impacts 
on global warming could be lessened.

The questions that this study sought answers to were as 
follows: How are fire events evolving in the GSZ and FZS 
zones? What is their magnitude? And specifically, is the 
FSZ becoming increasingly exposed to wildfires? Data 
pertinent to these questions have been analyzed in this 
study through a remote sensing approach supported by 
statistical analysis to assess their trends and to evaluate 
their seasonal and annual activities.
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Methods
Study sites
Our areas of focus in the Guinea-savanna ecological 
zone (GSZ) of Ghana were West Gonja and West Mam-
prusi, located between latitude 10.45028° and 9.53361° N 
and longitude 0.46666° and 2.30000° W, with an area of 
13,880.41 km2 (Fig. 1). The Guinea-savanna ecological zone 
is composed of extensive wooded savannas and open Guin-
ean savannas, which are characterized by natural wooded 
savannas with cultivated lands (CILSS 2016). According 
to Menczer and Quaye (2006), the Guinea-savanna zone 
consists of tall grasses growing between widely spaced 
trees. There are no commercial tree species. Plantations of 
Tectona grandis L.f. (teak) are growing well (MOFA 2015); 
however, they are not exploited us commercial trees in that 
zone. There are two main tree species—Faidherbia albida 
(Delile) A.Chev. (syn. Acacia albida Delile; apple-ring aca-
cia) and Adansonia digitata L. (baobab). Parkia biglobosa 
(Jacq.) R.Br. ex G.Don (dawadawa), Adansonia digitata L. 
(baobab), Vitellaria paradoxa C.F.Gaertn. (shea), and Man-
gifera indica L. (mango) are also commonly found trees, in 
terms of dominance and abundance (MOFA 2015).

In the Forest-savanna mosaic ecological zone (FSZ), the 
districts we focused on for this study, Sene and Afram 
Plain, are located between latitude 6.58361° and 8.15028° 
N and longitude 1.6669° and 0.51694° E, with an area of 
13  880.41  km2. Structured into several sub-zones, the 
Forest-savanna mosaic zone is located in central Ghana 
and composed of the Main Transitional Zone, Eastern 
Transitional Zone, and Central Transitional Zone. It has 
an intermediate climate that has two rainy seasons and 
transitional Forest-savanna vegetation (Fig.  1). The sig-
nificant commercial tree species include Milicia excelsa 
(Welw.) C.C.Berg (odum), Antiaris africana Engl. (kyen-
kyen or chenchen), and Triplochiton scleroxylon K.Schum. 
(wawa). The area is also dominated by some indigenous 
species (Nindel 2017), including Celtis mildbraedii Engl. 
(esa), Entandrophragma angolense (Welw.) Panshin 
(edinam), Pycnanthus angolensis (Welw.) Warb. (otie), 
Piptadeniastrum africanum (Hook.f.) Brenan (dahoma), 
Amphimas pterocarpoides Pierre ex Harms (yaya), Chrys-
ophyllum albidum G.Don (akasaa), and Daniellia ogea 
(Harms) Rolfe ex Holland (hyedua). The landscape can 
be described as a mosaic of diverse elements including 

Fig. 1  Location of the study areas used during research to characterize the fire regime of two ecological zones, Guinea-savanna and Forest-savanna 
mosaic, in Ghana using a remote sensing approach, during the study period 2001 to 2021
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forest types, human settlements, hydrological systems, 
and agro-ecological niches (Ayivor et al. 2015).

Methods of imagery analysis, fire mapping, and trend 
assessment
The materials and data common to the study objectives 
that were used were as follows. The digital geographic 
contour layers (road network, localities, etc.) were down-
loaded in a shapefile extension from http://​diva-​gis.​org/​
datad​own and geoprocessed in ArcGIS Desktop version 
10.5 (ESRI, Redlands, California, USA) and MS Excel 
2013 (Microsoft, Redmond, Washington, USA), and the 
statistical software programs Statistica (StatSoft, Paris, 
France), Khronostat 1.01 (IRD, Montpellier, France), and 
R (RStudio PBC, Boston, Massachusetts, USA) were used 
to perform, respectively, Hierarchical Clustering on Prin-
cipal Components (HCPC; Zheng et  al. 2020) analysis, 
Pettitt test (Pettitt 1979), and Mann-Kendall test (Kendall 
1975). Field equipment used included a Garmin handheld 
GPS unit (GPSMAP 64csx; Garmin Ltd., Olathe, Kansas, 
USA) to record the coordinates (X; Y) of the different fire 
density level checkpoints.

Acquisition of fires data and mapping the spatio‑temporal 
dynamics of fires
Different sensors are available for monitoring active fires 
and burned areas. For our study, the monthly time series 
of medium spatial resolution remote sensing images (2001 
to 2021) operated by the Moderate Resolution Imaging 
Spectroradiometer (MODIS) sensor was used. These were 
chosen because of their availability, ease of access to the 
necessary data, the daily coverage of large areas, and their 
spatial resolution of 250 m (Jacquin 2010).

The MODIS product used for burned area assessment 
was from collection 6.1 (Giglio et  al. 2020). The images 
of burned area (MCD64A1) and active fire (MCD14ML) 
were downloaded from platforms provided by NASA 
(National Aeronautics and Space Administration) at 
https://​ladsw​eb.​modaps.​eosdis.​nasa.​gov/​search/​order/ 
and https://​firms.​modaps.​eosdis.​nasa.​gov/​downl​oad/, 
respectively. They have a spatial resolution of 250  m 
and a daily temporal resolution summarized in monthly 
data (Giglio et al. 2020). MCD64A1 explores and locates 
abrupt change in surface reflectance following the 
method described by Roy et al. (2005). In this study, over 
a 20-year study period (2001 to 2021), 756 images (in 
Hierarchical Data Format; HDF) were acquired at a rate 
of three images per month for burned area, which were 
converted into shapefile format for active fires.

Analysis of active fires
Active fire points were ranked on a reliability scale of 1 to 
100, 100 being the most reliable. Confidence levels were 

based on quantitative adjustments to the algorithm in the 
detection process. Three classes of fire pixels (low confi-
dence, nominal confidence, and high confidence; Table 1) 
are provided in the fire masks of the MODIS Level 2 and 
Level 3 fire products. Because it may be useful to exclude 
false-positive fire occurrences (Valea 2005; Giglio et  al. 
2020), users may wish to consider only nominal and high-
confidence fire pixels and treat low-confidence fire pix-
els as clear non-fire land pixels (Giglio et al. 2020). In our 
work, fire points with a reliability of more than 30% were 
considered (Caillault et al. 2010) to establish a base con-
taining only proven fire points (Fig. 2).

Calculation of fire density and frequency
The density (D) of fire indicates the number of fires per 
unit area. It provides information on the spatial distribu-
tion of fire within the area considered. Densities obtained 
from the map were checked in the field to ensure that the 
results from the processed image corresponded to the 
reality on the ground. A total of 64 points for low and non-
burned, and 106 points for high burned, as determined by 
the kriging spatialization technique (Childs 2004), were 
checked. The formula of Valea (2005) was used:

where ni is the number of fire points in the administra-
tive boundary; si is the area of the administrative unit 
(in km2). The density of the number of fires was calcu-
lated using the kriging spatialization technique, with the 
adoption of the following density classification levels (per 
km2): very low density (<2.33 fires km−2), low density 
(2.33 to 5.768 fires km−2), little density (≥5.768 to 6.408 
fires km−2), medium density (≥6.408 to 7.765 fires km−2), 
and high density (>7.765 fires km−2).

The frequency (F) of fire shows the percentage of fire in 
any one area. It was calculated using the formula by Valea 
(2005):

(1)D =
ni

si

Table 1  Ranges assigned to the three confidence (C) classes 
of fire pixels (low confidence, nominal confidence, and high 
confidence; according to Giglio et  al. 2020). These were 
provided in the fire masks of the MODIS Level 2 and Level 3 fire 
products that were used during research from 2001 to 2021 to 
characterize the fire regime of two ecological zones, Guinea-
savanna and Forest-savanna mosaic, in Ghana, using a remote 
sensing approach

Range Confidence class

0% ≤ C <30% Low

30% ≤ C <80% Nominal

80% ≤ C <100% High

http://diva-gis.org/datadown
http://diva-gis.org/datadown
https://ladsweb.modaps.eosdis.nasa.gov/search/order/
https://firms.modaps.eosdis.nasa.gov/download/
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where ni equals the number of fire points in the study 
area, and Ni is the total number of fires.

Burned areas, fire occurrence, and intensity assessment
The MODIS burn date covering a period of one month 
is presented in a series of elementary images described 
by six sets of information (Boschetti et  al. 2009). Only 
one of the six sets was of interest for our research: the 
set with values from 1 to 366, which correspond to the 

(2)F =
ni

Ni
× 100

approximate days of fire (with respect to the Gregorian 
calendar). Therefore, only pixels with relevant values 
from 1 to 366 (pixels with high probability of containing 
fire events per month), were considered. The calculation 
of burned area was been done per year and per month, 
according to each study area, after polygonization.

Fire frequency (occurrence) was obtained from the 
combination of the annual charts of the burned area and 
then characterized according to Oliveras et al. (2014), who 
defined frequency as the burn frequency and fire return 
interval, which is the number of times (in percentage) that 
a fire recurred in the same spot during the whole study 

Fig. 2  Methodological framework for processing (A) burned areas image data and (B) number of fires data recorded during research 
to characterize the fire regime of two ecological zones, Guinea-savanna and Forest-savanna mosaic, in Ghana, using a remote sensing approach, 
during the study period 2001 to 2021



Page 7 of 23Dahan et al. Fire Ecology           (2023) 19:42 	

period. Thus, the following classification was established: 
<22.4  ha = small burned area; ≥22.4  ha and <100  ha = 
medium burned area; and >100 ha = large burned area.

Statistical analysis of fire data
To highlight the differences between months and years in 
terms of those most and least affected by fire, or which reg-
istered the most or least number of active fires, a principal 
component analysis and a hierarchical classification analy-
sis were performed (Gordon 1994; Zheng et al. 2020). For 
the trend evaluation, the Mann-Kendall test was used to 
analyze the trend in our time series. This non-parametric 
trend test was the outcome of a refinement of the test ini-
tially developed by Mann (1945) and then adopted by Ken-
dall (1975). After the Mann-Kendall trend test, the Pettitt 
test was used to help us analyze break-up times as the trend 
was not monotonic.

Mann‑Kendall test and inter‑annual anomalies
The Mann–Kendall test statistic (S), is a nonparametric 
method for trend analysis that has been widely applied to 
regional climate studies (Mann 1945; Kendall 1975). The 
Mann-Kendall test was used to detect the existence of a 
single overall trend within a series. The Mann-Kendall test, 
which is based on Kendall’s t-rank correlation statistic, is 
used to show the degree of significance of the trend and to 
determine the direction of the trend in the time series. It 
simply gives information on the course and a measure of 
the significance of observed trends of climatic parameters 
(Siraj et al. 2013). Thus, the trend analyses were performed 
using this test. The S-statistic is defined by:

where xi was the data value at time i , n is the length of 
the dataset, and sign(xi − xj) is the sign function, which is 
computed as follows:

For n > 10, the test statistic Z approximately fol-
lows a standard normal distribution as in the following 
equation:

where Var(S) is the variance of statistic S. Thus, a positive 
Z value indicates an increasing trend, whereas a negative 
value indicates that the trend is decreasing.

(3)S =
n−1
∑

j−1

n
∑

i+1

sign(xi − xj)

(4)sign(xi − xj)







1 if
�

xi − xj
�

> 0

0 if
�

xi − xj
�

= 0

−1 if
�

xi − xj
�

< 0

(5)Z =











S−1√
Var(S)

if S > 0

0 if S = 0
S+1√
Var(S)

if S < 0

In addition, to better identify the increase or decrease 
in burned areas as well as active fires, the intra-annual 
anomalies (An) were calculated as follows:

where Xt is the annual mean observation values during 
time t (year); Xmean is the long-term mean of the series 
considered throughout the observation period (2001 to 
2021), and δ is the standard deviation of the time series 
considered throughout the observation (2001 to 2021).

Pettitt test
The Mann-Whitney-Pettitt test is derived from the 
Mann-Whitney test, modified by Pettitt (Pettitt 1979). 
This test is non-parametric and is based on the fact 
that the absence of a break in a series means that the 
hypothesis is null (H0) and the presence of a break con-
stitutes the alternative hypothesis (H1). It thus makes it 
possible to identify a change in the behavior of the data 
series by comparing two means. A break is defined as a 
change in the probability law of the random variables 
whose successive realizations define the time series 
studied (Servat et al. 1998). The implementation of the 
test assumes that, for any time t between 1 and N, the 
time series (Xi), from i = 1 to t and from t + 1 to N, 
belong to the same population. The test variable is the 
maximum absolute value of the variable Ut,N. In case 
the null hypothesis is rejected, an estimate of the break 
date is given by the time t defining the maximum in the 
absolute value of the variable Ut,N:

with:

To test H0, we used the variable KN , the absolute 
value of the variable Ut,N:

Results
Seasonal evolution of fires
The seasonality of fires was determined for the area 
burned and the number of active points in each month 
over the observation period from 2001 to 2021. The sea-
sonal distribution of burned areas showed that wildfires 

(6)An =
Xt − Xmean

δ

(7)Ut,N =
t

∑

i=1

N
∑

i=t+1

Dij

(8)Dij = sign(xi − xj)







1 if
�

xi − xj
�

> 0

0 if
�

xi − xj
�

= 0

−1 if
�

xi − xj
�

< 0

(9)KN = max1 ≤ t < T
∣

∣Ut,N

∣

∣
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persisted during a large part of the year in both ecologi-
cal zones (Fig. 3). There was great variation in the area 
burned monthly. However, the fire season in the two 
ecological zones differed slightly as they do not have 
the same climate types (monomodal in the Guinea-
savanna zone and bimodal in the Forest-savanna zone). 
The months of December and January were the most 
fire prone and fire ravaged in the Guinean-savanna 
zone, with a stronger presence in December, position-
ing it as the month of intense fire activity. The Forest-
savanna zone recorded more fire in December and 
January, with more events in January. Seasonality is thus 
characterized by a start of the fire season in November 
in both zones, which continues during the dry period, 
with a progressive increase in December and January. 

It is more pronounced in January with 64.857  km2 
burned and 39 728 fires detected over the whole study 
period (21 years) in the Forest-savanna zone; whereas, 
in the Guinea-savanna zone, it is more pronounced in 
December (107.539 km2 burned; 59 288 fires detected). 
Fire occurrence declines from April onwards in terms of 
surface area burned in these different ecological zones 
(decreasing by 7.6  km2 for GSZ and by 69.3  km2 for 
FSZ), and becomes almost non-existent in May, June, 
July, August, and September.

Annual evolution of fires
Fire activity and spread were very significant over the 
study period, with significant changes in the area burned 
each year (Fig.  4). In general, the area burned and the 

Fig. 3  Monthly averages for (A) number of fires and (B) area burned per ecological zone (Forest-savanna mosaic and Guinea-savanna ecological 
zones) recorded from 2001 to 2021 during research to characterize the fire regime of the two zones in Ghana using a remote sensing approach
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number of fires per year did not follow a defined trend 
in the two ecological zones considered. The years with 
the lowest fire activity (number of fires) and area burned 
were 2001, 2012 and 2010, 2011, respectively, for GSZ; 
and 2002, 2019, 2021 and 2001, 2002, 2021, respectively, 
for FSZ. The year 2018 in GSZ recorded the largest 
burned area in 21 years, with about 19 811.2 km2 affected 
and 4719 active points detected. This represented about 
11.80% of the total area burned over the period (2001 
to 2021), or an average of 825.5 km2 for 2018. The years 
2005, 2013, and 2014 also had large areas burned, while 
the years with more active fires were 2005, 2006, 2011, 
2017, and 2020. The FSZ recorded its greatest burned 
area in 2015 at 8727.4  km2 with 5587 active points 
recorded, which represents an average of 363.6  km2 of 

area burned or 7.81% of the total area burned during the 
study period (2001 to 2021). Other years with significant 
fire events (area burned and several fires detected) in the 
FSZ were 2001, 2005, 2014, 2017, 2018, and 2020.

Fire development and intensity from 2001 to 2021
Fire intensity was assessed through the aggregation of 
data obtained on burned areas from the period 2001 to 
2021. This resulted in maps for each month, which were 
then combined by year. The compilation of these results 
led to the establishment of fire intensity maps (Figs.  5 
and 6) for the districts considered in the different eco-
logical zones. The monitoring of the spatial distribution of 
burned areas indicated that burned areas were recorded 
in both ecological zones every year. The MODIS burned 

Fig. 4  Yearly averages for (A) number of fires and (B) area burned per ecological zone (Forest-savanna mosaic and Guinea-savanna ecological 
zones) recorded from 2001 to 2021 during research to characterize the fire regime of the two zones in Ghana using a remote sensing approach
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area data allowed us to map and estimate the burned area 
for the period based on the typology of Oliveras et  al. 
(2014). The typology adopted allowed us to identify small 
burned areas (<22.4 ha), medium burned areas (≥22.4 and 
≤100 ha), and large burned areas (>100 ha), reaching a 
total of 160 220.74 ha for GFZ and 113 697.47 ha for FSZ, 
from 2001 to 2021. This shows the considerable contribu-
tion of fires to the degradation of vegetation cover in the 
study areas. The location of fire pixels over the 21 years 
showed a distribution of fire over the whole study area. 
Generally speaking, this spatial distribution was due to 
two main factors: climate and the fragility of vegetation 
due to the use and management of natural resources. The 
overall proportion of these burned areas was 39.95% of 
FSZ and 57.13% of GSZ (Figs. 5 and 6).

Frequency and density of fires from 2001 to 2021
The density of the number of fires detected in the eco-
logical zones after spatialization of the data revealed 

the presence of high fire density in croplands and agri-
cultural areas. Active fire points were used to produce 
spatial fire density maps (Figs.  7 and 8) with a spa-
tial resolution of 450 m (GSZ) and 694 m (FSZ). In the 
Guinea-savanna ecological zone, the West Gonja district 
recorded more active-fire density than West Mamprusi. 
Each pixel represented the average number of fires that 
occurred in the area. The overall density in the Guinea-
savanna zone and Forest-savanna mosaic zone was esti-
mated at 14 fires km−2 and 9 fires km−2, respectively. The 
occurrence of fires at the level of each zone allowed the 
calculation of fire frequency within each district. West 
Mamprusi recorded a fire frequency of 27.22% and West 
Gonja recorded a frequency of 72.78% in the Guinea-
savanna ecological zone. In the Forest-savanna mosaic 
zone, Sene recorded a frequency of 70.8% and Afram 
Plains recorded 29.10%. The overall frequencies were 
42.87% (Forest-savanna) and 60.05% (Guinea-savanna) 
(Table 2). Fire-start times (1000 h to 1420 h) in the two 

Fig. 5  Fire intensity map of burned area developed for the Guinea-savanna ecological zone study site from data compiled during research 
to characterize the fire regime for this and the Forest-savanna mosaic ecological zones in Ghana, using a remote sensing approach, during the study 
period 2001 to 2021. Burned area size is defined as small (<22.4 ha), medium (≥22.4 ha and <100 ha), or large (>100 ha)
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zones did not show significant differences, except that 
GSZ showed that fires started as early as 200 h (Fig. 9).

Statistical analysis of burned areas and active fires 
in the two ecological zones
Hierarchical Clustering on Principal Components (HCPC) 
analysis of burned areas
The HCPCP organizes observations by grouping them 
hierarchically into different classes or subgroups. The 
aggregation of monthly and annual data, shown in 
Fig.  10, resulted in four clusters for the Forest-savanna 
mosaic zone, and three monthly burned-area clusters for 
the Guinea-savanna zone.

•	 Monthly evolution. Group 1 is composed of Janu-
ary, February, and November clusters in the Guinea-
savanna zone (G1A; Fig.  10A), and the January 
cluster in the Forest-savanna zone (G1C; Fig.  10C). 

Group 2 , on the other hand, is composed of clus-
ters such as March, October, April, May, June, July, 
August, and September in the Guinea-savanna zone 
(G2A; Fig.  10A), with the December cluster alone 
constituting group 2 in the Forest-savanna zone 
(G2C; Fig.  10C). Group 3 in the Guinea-savanna 
zone is composed of the December cluster (G3A; 
Fig. 10A); whereas, in the Forest-savanna zone, only 
the February and November clusters are recorded 
(G3C; Fig.  10C). Indeed, only the Forest-savanna 
zone recorded an additional fourth group composed 
of March, April, October, September, May, August, 
June, and July clusters (G4C; Fig. 10C). In sum, these 
groups were formed according to the intensity of the 
burned areas: G2A and G4C were unburned; G1C 
and G3A were heavily burned; G1A and G3C were 
lightly burned, and G2C was moderately burned 
(Fig. 10).

Fig. 6  Fire intensity map of burned area developed for the Forest-savanna mosaic ecological zone study site from data compiled during research 
to characterize the fire regime for this and the Guinea-savanna ecological zones in Ghana, using a remote sensing approach, during the study 
period 2001 to 2021. Burned area size is defined as small (<22.4 ha), medium (≥22.4 ha and <100 ha), or large (>100 ha)
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•	 Annual evolution. Group 1 is composed of clus-
ters 2001, 2016, 2002, 2003, 2005, 2014, and 2013 in 
the Guinea-savanna zone (G1B; Fig.  10B); clusters 
2001, 2020, 2003, 2018, 2013, 2006, and 2008 com-
pose the Forest-savanna zone (G1D; Fig.  10D). On 
the other hand, group 2 is composed of clusters in 
2004, 2015, 2010, 2008, 2012, 2021, 2009, and 2011 
in the Guinea-savanna zone (G2B; Fig.  10B), with 
clusters in 2005 and 2015 constituting group 2 in 
the Forest-savanna zone (G2D; Fig. 10D). Group 3 in 
the Guinea-savanna zone is composed of clusters in 
2006, 2020, 2007, and 2017 (G3B; Fig. 10B); while in 
the Forest-savanna zone, clusters in 2004, 2007, 2012, 
2014, 2016, 2009, 2011, and 2010 are recorded (G3D; 
Fig. 10ED). Indeed, only the 2018 cluster is recorded 
in group 4 in the Guinea-savanna zone (G4B; 
Fig.  10B); while the Forest-savanna mosaic zone is 
composed of clusters in 2004, 2007, 2012, 2014, 2016, 

2009, 2011, and 2010 (G4D; Fig. 10D). In sum, these 
groups were formed according to the intensity of the 
areas burned (Fig. 10).

Trends in fire active points and area burned by ecoregion 
(2001 to 2021)
In order to show the trends that might exist in burned 
areas and the number of fires in the different zones, we 
performed the non-parametric Mann-Kendall test and 
the Pettitt test.

•	 Mann-Kendall test. The results (Table 3) show that 
there were two trends: negative and positive, but 
both were non-significant. All zones showed a non-
significant downward trend in the area burned, and 
a positive trend in the number of fires detected for 

Fig. 7  Number of fires density map developed for the Guinea-savanna ecological zone study site from data compiled during research 
to characterize the fire regime for this and the Forest-savanna mosaic ecological zones in Ghana, using a remote sensing approach, during the study 
period 2001 to 2021. The density classification levels are: very low density (<2.33 fires km−2), low density (2.33 to 5.768 fires km−2), little density 
(≥5.768 to 6.408 fires km−2), medium density (≥6.408 to 7.765 fires km−2), and high density (>7.765 fires km−2)
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the Mann-Kendall test (P > 0.05). Considering the 
different zones, the annual trend of burned areas 
did not show statistical significance. By analyzing 
the trend, we noted the presence of an orienta-

tion of the curves (Fig. 11), but this did not present 
monotony. Indeed, the positive Mann-Kendall sta-
tistic (S) indicated an evolution of the slope of the 
trend line, as does the standardized test statistic (Z). 

Fig. 8  Number of fires density map developed for the Forest-savanna mosaic ecological zone study site from data compiled during research 
to characterize the fire regime for this and the Guinea-savanna ecological zones in Ghana, using a remote sensing approach, during the study 
period 2001 to 2021. The density classification levels are as follows: very low density (<2.33 fires km−2), low density (2.33 to 5.768 fires km−2), little 
density (≥5.768 to 6.408 fires km−2), medium density (≥6.408 to 7.765 fires km−2), and high density (>7.765 fires km−2)

Table 2  Number of active fires (total, frequency, and average) and area burned (total, proportion, and average) data recorded during 
the study period (2001 to 2021) according to districts within ecological zones (location) in Ghana during research to characterize the 
fire regime of the area using a remote sensing approach

Location Number of fires Burned area

Total (n) Frequency (%) Average (n) Total (km2) Proportion (%) Average (km2)

Forest-savanna 73 915 42.87 1759.95 111 691.19 39.95 2659.31

  Sene 52 403 70.90 2495.38 80 843.46 72.38 3849.69

  Afram Plains 21 512 29.10 1024.52 30 847.73 27.62 1468.94

Guinea-savanna 98 501 57.13 2345.26 167 858.37 60.05 3996.63

  West Mamprusi 26 812 27.22 1276.76 44 042.81 26.24 2097.28

  West Gonja 71 689 72.78 3413.76 123 815.56 73.76 5895.98
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However, the significance of the trend (Tau) is inval-
idated by the probability values found (P-values not 
significant). Thus, the detection of probable break 
periods was necessary; hence the application of the 
Pettitt test.

•	 Pettitt test. The Pettitt test (Pettitt 1979) is non-par-
ametric and derives from the Mann-Whitney test 
(Mann and Whitney 1947). Analysis of the results 
of this test applied to our study series showed some 
breaks in the time series of burned area per number 

of fires, so the null hypothesis (H0) of no break was 
rejected with a significance level of 95%, and the 
alternative hypothesis (H1, presence of a break) was 
accepted. The random variability in the burned area 
per number of fires time series was reflected here 
by the sinusoidal variation of the Pettitt test vari-
able (U) over time (2001 to 2020). In our case, the H0 
was rejected due to the presence of breaks. The test 
thus revealed periods of breaks, such as in 2012 (area 
burned), followed by a decline, and in 2020 (num-

Fig. 9  Average number of fire ignitions recorded per time of day in (A) the Guinea-savanna ecological zone and (B) the Forest-savanna mosaic 
ecological zone recorded from 2001 to 2021 during research to characterize the fire regime of the two zones in Ghana using a remote sensing 
approach. This data illustrates periods of time when vegetation in these zones was most prone to fire
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ber of fires), followed by an evolution of the trend in 
the Guinea-savanna ecological zone. For the Forest-
savanna zone, the break was observed in 2015 fol-

lowed by a drop in area burned, while number of fires 
showed a slight break in 2002 and then an increase 
until 2021 (Fig. 11).

Fig. 10  Hierarchical Clustering on Principal Components (HCPC) of burned area in (A), (B) the Guinea-savanna ecological zone and in (C), (D) 
the Forest-savanna mosaic ecological zone from data compiled during research to characterize the fire regime for these two zones in Ghana, using 
a remote sensing approach, during the study period 2001 to 2021. The classification shows months or even years that recorded fire according 
to intensity. The text colors represent the months and years according to the intensity of the burned area: red = high-burned area, yellow = 
medium-burned area, orange = low-burned area, and green = little or not-burned area. The dashed boxes group the months and years according 
to the intensity of the areas burned; the blue lines show the similarity of months and years burned in terms of Euclidean distance linkage

Table 3  Mann-Kendall test (S) and standardized test statistic (Z) results for burned area (B_A) and number of fires (N_F) data collected 
between 2001 and 2021 in two of Ghana’s ecological zones (Guinea-savanna, GSZ; Forest-savanna mosaic, FSZ) during research to 
characterize the fire regime of the area using a remote sensing approach. Kendall rank coefficient (Tau), probability value (P), and trend 
direction (at 95%) are also given. No trend was found to be significant (P > 0.5)

Zone Variable Tau S Z P Trend

GSZ B_A −0.04761905 −10.00000 −0.27177 0.7858 Decreasing

N_F 0.06666667 14.00000 0.39256 0.6946 Increasing

FSZ B_A −0.2190476 −46.00000 −1.3589 0.1742 Decreasing

N_F 0.1333333 28.00000 0.81532 0.4149 Increasing
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Fig. 11  Mann-Kendall test and Pettitt test plots representing the trend of burned area in (A) the Guinea-savanna ecological zone and (B) 
the Forest-savanna mosaic ecological zone, as well as the Mann-Kendall test and Pettitt test plots representing the trend of the number of active 
fires in (C) the Guinea-savanna ecological zone and (D) the Forest-savanna mosaic ecological zone in Ghana, from data compiled during research 
to characterize the fire regime for these two zones using a remote sensing approach, during the study period 2001 to 2021. Sequential 
values U(t) are standardized variables that have zero mean and unit standard deviation (solid line; prograde series), and U′(t) are the values 
computed backwards, starting from the end of the series (dashed line; retrograde series). 95% CI = confidence interval of the intersection points 
of the prograde and retrograde curves
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Inter‑annual anomalies
The Mann-Kendall test (S) did not show the real increase 
in terms of burned areas and number of active points, 
but the calculation of inter-annual anomalies better 
highlighted the evolution of fire events. Thus, over the 
study period (2001 to 2021), the burned areas increased 
by an average of 1.4 km2 (FSZ) and 4.6 km2 (GSZ), and 
the number of active fires increased by an average of 4.7 
(FSZ) and 4.4 (GSZ) points per km2 (Fig. 12).

Discussion
Seasonal evolution of fire events
The results of our study revealed the extent to which fire, 
in terms of area burned and number of active fires, was 
seasonally dependent on the different ecological zones 
that we considered. Fire is used by human populations 
for the management of agricultural areas; it has become 
a tradition and is considered to be a mode of land man-
agement. Our consideration of total districts, not just 
specific forest areas, showed the extent and devastating 
effect of vegetation fire. The most affected months in 
the Guinea-savanna zone were October, December, and 
January. These months saw more fires because they cor-
respond to the dry months when the majority of trees 
and grasses dry up due to climatic conditions. This is in 
line with findings that have shown that, in African savan-
nas, grass biomass (the major component of the fuel 
load), fuel moisture content, and weather conditions 
during burns influence fire regimes, including their fre-
quency and intensity (Bloesch 1999; van Wilgen et  al. 
2004; Govender et  al. 2006). Our research showed a 
peak in burned areas and the number of fires recorded 
in December; the period from November through Janu-
ary—the dry period—recorded considerable fire damage. 
The entire period of tree leaf loss (November through 
March) showed more marked fire activity due to climatic 
factors such as the annual advent of Harmattan (a dry, 
dust-laden continental wind) that increase the flamma-
bility of vegetation and the spread of fires (Goula et  al. 
2012). On the other hand, Husseini et al. (2020) showed 
that fire occurrences within forest reserves usually peak 
in January in mid dry season. Forest guards and range 
supervisors attributed this phenomenon to the abun-
dance of dry leaf litter on the forest floor, serving as fuel, 
during these periods. This example is more specific, given 
its focus on one type of ecosystem (a protected area); 
our study included all ecosystems present in the ecologi-
cal zones. Kugbe et  al. (2012) showed that November, 
December, and January are the months most affected by 
fire, without, however, specifying the month in which 
fire events are most intense. Wildfire event seasonality 
is highly attributable to the climate type that prevails in 
each area. Thus, agricultural activities, which are also 

related to climate, contribute to fire outbreaks as farm-
ers prepare the land during the dry season in anticipa-
tion of the rainy season. These anthropogenic activities 
are common in the two ecological zones studied (GSZ, 
FSZ). Apart from periods of intense fire activity, months 
with low burned areas and number of fires were con-
sidered to be early (August, September, and October) 
or late (February, March, and April) fire periods in our 
study sites. Early- and late-fire seasons are times when 
specific fire-related activities such as hunting begin. 
Similar findings were made by Etienne (1971) and Bru-
zon (1994), who observed the use of wildfire for hunting 
at the beginning or end of dry seasons. These scenarios 
are generally the same in both ecological zones because 
of their homologous floristic composition. However, it 
is necessary to qualify them because savanna is domi-
nant in the Guinea-savanna zone; whereas, in the Forest-
savanna zone, it is a mosaic of forest and savanna. Even 
though fire activity is low during late fire periods, fires 
burn more intensely because of the low moisture con-
tent of the vegetation and tend to burn more areas than 
early fires (February, March, and April). These findings 
are in line with the observations of Nielsen and Rasmus-
sen (2001) and Govender et al. (2006). The low number 
of wildfires after March is due to the regeneration of veg-
etation, increasing moisture content, with the first rains, 
which are generally more intense in the Forest-savanna 
mosaic zone (bimodal regime), and that evapotranspira-
tion at this time begins to decrease (Guiguindibaye et al. 
2013). It should be noted that charcoal production and 
forest logging companies (Westerhoff and Smit 2009) are 
observed in these study areas, and their activities con-
tribute to these vegetation dynamics (Obiri et  al. 2014, 
Nketiah and Asante 2018). It is also necessary to take into 
account the topography of the area. Its high relief favors 
high wind speed, which is a fire acceleration factor. On 
the other hand, the savanna of West Mamprusi has lit-
tle vegetation and is less rugged, which is why anthropo-
genic pressures have less effect, even though the climate 
remains the same. The Forest-savanna mosaic zone, also 
called the transition zone, is considered the granary of 
Ghana in terms of agricultural production (Titriku 1999). 
It benefits from a climate more or less favorable for agri-
culture, which explains the decrease in its burned area. 
In addition, it is also worth noting the presence of a lake, 
which is a source of soil moisture; increased humidity 
slows down the spread of fires in rural areas. However, 
fire activity (active fire points) remains very present, 
reflecting the intensity of agricultural activities as a factor 
in the spread of fire (Agyemang et al. 2015, Nindel 2017).

In all ecological zones, average annual temperatures are 
estimated to increase between 0.8 °C and 5.4 °C between 
the years 2020 and 2080. Within the same period, average 
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annual rainfall is estimated to decline by between 1.1 
and 20.5%. Such a climatic trend could, in the long run, 
modify seasonal behavior of fires and thus have more 
impact on the vegetation of these different areas; under 
a warmer climate in the coming decades, fire will be the 
main cause of vegetation dynamics (Keane 2013). Simi-
larly, daily start times of anthropogenic fires show that 
local communities recognize that weather determines the 

success of fire as a tool and utilize that fact. These periods 
of the day (1000 h to 1400 h) are the hottest and favor 
maximum fire action.

Inter‑annual evolution of fire events (2001 to 2021)
The remote sensing-based approach used in our study 
to characterize the fire regime in GSZ proved to be 
sufficiently accurate to inform decision-makers (i.e., 

Fig. 12  Inter-annual anomalies (An) of (A) the number (n) of active fires and (B) burned areas (km2) in Forest-savanna mosaic (FSZ) 
and Guinea-savanna ecological zones (GSZ) in Ghana, recorded from 2001 to 2021, during research to characterize the fire regime of the two zones 
using a remote sensing approach
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the Ghana Fire Service) regarding fire management in 
these ecological zones. This study, which was based on 
a 21-year time series of burned areas and active fire 
points (2001 to 2021), revealed a downward trend in 
burned areas and an upward trend in the number of 
fires in the zones under consideration (GSZ and FSZ), 
which are statistically insignificant. On the other hand, 
the evaluation of the anomalies shows an increase in 
fire activity in terms of surface area and number of 
active points. These trends do not show monotonicity 
because of a sinusoidal evolution. Some similar stud-
ies have observed declining trends in the number of 
fires and areas burned in sub-Saharan Africa over the 
last decades (Giglio et al. 2013; N’Datchoh et al. 2015). 
Andela et  al. (2017) showed a significant downward 
trend in the number of fires, fire size, and area burned 
in Africa between 2003 and 2015 using MODIS prod-
ucts, which is not the case in our study where only the 
area burned was seen to decrease. This trend could be 
due to slash-and-burn agriculture that takes place every 
year in those areas. This regular agricultural prac-
tice could be at the root of the increase in active fires 
detected, even if their presence does not contribute 
much to the burned area over time, probably due to the 
resultant decrease in flammable area.

Stanturf et al. (2011) was one of the few research stud-
ies in Ghana that considered large ecological zones with 
districts most vulnerable to climate change as targets. 
Their analysis of MODIS images showed that large areas 
were burned each year. The areas with a high probabil-
ity of being burned represented the areas with vegetation 
cover sensitive to wildfire. Some years were particularly 
marked by fire events in the different ecological zones 
(2018 in GSZ and 2015 in FSZ). The overall proportion 
in the zones (39.95% for Forest-savanna and 57.13% for 
Guinea-savanna) in terms of fire intensity (area burned) 
showed that the savanna zones are threatened by the 
risk of fire and remain more fragile than other ecologi-
cal zones. Similarly, with regard to districts by zone, West 
Mamprusi recorded a fire frequency of 27.22% and West 
Gonja recorded a frequency of 72.78% in the Guinea-
savanna ecological zone; and in the Forest-savanna zone, 
Sene had a high frequency of 70.8% and Afram Plains 
a frequency of 29.10%. The overall fire frequency was 
42.87% (Forest-savanna) and 60.05% (Guinea-savanna). 
The year 2018 coincides with the period when Ghana lost 
about 12 298  ha of its vegetation cover (Inter-Réseaux 
Développement Rural 2019). Furthermore, the two zones 
are similar in the number of metric tons of charcoal each 
produced: 34.4% (GSZ) and 26.7% (FSZ) of the national 
production (Nketiah and Asante 2018). This cutting and 
burning of large trees can significantly contribute to an 
increase in the area burned (e.g., 2018). The use of fire for 

charcoal burning and hunting in the region is similarly 
confirmed by the work of Amoako and Gambiza (2022).

Indeed, the assessment approach used in this research 
may overestimate or even underestimate the assessment 
of burned areas due to the 250  m spatial resolution of 
the MODIS MCD64A1 image. Omission errors occur 
when spatial extent is insufficient or too fragmented to 
be discerned as wildfires (Roy et al. 2005), or when fires 
are hidden by cloud cover (Giglio et al. 2020). In a study 
in Ghana based on satellite images (2002 to 2003; UNDP 
2008), a large part of the vegetation in the north had dis-
appeared. It showed that slash-and-burn cultivation and 
agricultural over-exploitation of cleared land were iden-
tified as the main causes of this loss of vegetation cover 
(UNDP 2008). After 2003, 2018 saw a larger area burned, 
which could be due to the weakening of forest resources 
due to agricultural and logging activities. Population 
growth and poverty are often linked to natural resource 
degradation in fire-prone savanna, as an increasing num-
ber of poor farmers are thought to be drawing on the for-
est for slash-and-burn agriculture (Afikorah-Danquah 
1997). This observation was made in the GSZ, specifically 
in the West Gonja district, where forest is burned to cre-
ate fields for cultivation.

Fire activities recorded in the Forest-savanna zone 
could be due to pressure on resources as well as agricul-
tural practices that are being accentuated by the arrival 
of settler-farmers from the northern zone of Ghana due 
to impoverished land (e.g., the majority of Dagaba settled 
in the Brong Ahafo Region are smallholder farmers who 
migrated), in search of better agro-ecological conditions 
(Afikorah-Danquah 1997). It was found that, during the 
2000 Ghana census, 18% of the farming population in the 
northern zone migrated to the Brong Ahafo Region of the 
FSZ (GSA 2005).

The Guinea-savanna and Forest-savanna mosaic eco-
logical zones have seen an increase in the number of 
fires due to a lack of enforcement of laws regulating 
wildfires. This observation was made by the research 
of Kusimi and Appati (2012) during the period 2002 to 
2003. Their research revealed that the continued preva-
lence of fire-related activities was due to laxity in the 
implementation of the laws regulating wildfires, because 
of a lack of personnel and logistics of government agen-
cies in the district to combat the problem. The charac-
teristics of the types of land-use units would also be an 
important factor in the differences observed in terms 
of area burned in the ecological study areas, within the 
land management systems involved. Depending on 
the intensity, grazing can keep the grasses short, thus 
reducing the occurrence of fires in the following season 
(Govender et  al. 2006; Archibald et  al. 2010). Thus, the 
observed trends of vegetation fires should be analyzed 
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from several angles, namely climatic and environmental 
angles, as these are the parameters considered to be the 
greatest in influencing fire behavior in the tropical zones 
(Flannigan et  al. 2009; Archibald et  al. 2010; Turetsky 
et al. 2015; Santín et al. 2016; Walker et al. 2019), in pop-
ulated areas (Frost 1996; Ribeiro et al. 2008; Tarimo et al. 
2015), and in unpopulated areas (Flannigan et  al. 2009; 
Turetsky et al. 2015; Santín et al. 2016) areas. Also, the 
nature of the vegetation cover in terms of floristic com-
position and type of land use units should be taken into 
account. Studying these angles could better elucidate 
causes and observed trends of fire events in the study 
period considered (2001 to 2021). Thus, according to the 
results, the burned areas are decreasing, which leads to 
the following questions: is this caused by the degrada-
tion and reduction of vegetation in these areas or by the 
reduction of activities related to the use of fire by local 
populations? These questions need to be investigated, 
for more clarity on the contribution of fire to land cover 
degradation.

Conclusions
Our study, using a remote sensing approach, assessed 
the spatial and temporal fire events in the GSZ and FSZ 
in Ghana. Four districts, namely West Gonja and West 
Mamprusi in the Guinea-savanna ecological zone, and 
Sene and Afram Plains in the Forest-savanna mosaic 
ecological zone, were assessed. This scientific assess-
ment focused on fire regime characteristics such as sea-
sonality, intensity, density, burned areas, frequency, and 
trends during the study period from 2001 to 2021. Our 
approach allowed us to show that the spatial distribu-
tion did not follow a defined trend, nor did the detected 
active points. However, the evaluation of the inter-annual 
anomalies showed the evolution of the burned areas as 
well as the number of active fires, even though the statis-
tical significance was not pronounced. This trend meas-
urement made it possible to elucidate the extent of fire, 
pinpointing the particularly affected years such as 2018 
in the GSZ, and 2001, 2005, 2015, 2017, 2018, and 2020 
in the FSZ. The months of December and January in both 
areas should be closely monitored by natural resource 
protection and conservation agencies in Ghana (e.g., 
Ghana Fire Service). It was possible to quantify the area 
burned within different ecological zones over the entire 
period under consideration by using the remote sens-
ing approach that has so far been poorly implemented in 
Ghana. However, this research failed to map the actual 
causes of change, which should be addressed in future 
research.

Overall, the GSZ was the most affected by fire events 
and must continue to be given special attention. 
However, the FSZ is in a state of degradation due to 

anthropogenic pressures, as revealed in the literature, 
and could become the most fire-affected area in the dec-
ades to come if appropriate measures are not taken. This 
supports our initial hypothesis on the spread and even-
tual impact of fires in the FSZ. As fire activity increases, 
weather (climate) becomes another factor to be closely 
monitored to increase the reliability of wildfire predic-
tion to provide earlier warning and preventative meas-
ures. With our current lack of knowledge of which 
land-use types are most vulnerable to wildfire, it is 
essential to continue research in this direction to better 
reframe policy decisions on sustainable natural resource 
management to better minimize costs. Ultimately, 
Ghana should use this kind of inventory to establish a 
sound approach to wildland fire risk management, as 
many areas depend on it. In view of our results, we call 
on forest resource management structures, village man-
agement committees, and NGOs to intervene more reg-
ularly during periods when fires are likely to occur. The 
Ghana Fire National Service and Forestry Commission 
of Ghana should collaborate closely with local represent-
atives to implement guidance, monitoring, and supervi-
sion programs at national, regional, and local levels, in 
view of the high number of fire events in these areas.

Acknowledgements
This research was made possible through funding support from the Islamic 
Development Bank. The authors are particularly grateful to the University for 
Development Studies, West African Center for Water, Irrigation and Sustainable 
Agriculture for providing logistics to facilitate the completion of this paper. 
Special thanks to L. Burk for her expert eye on the form and linguistic aspects 
of this article.

Authors’ contributions
K.S.D developed the theoretical framework, performed the data processing, 
and performed the analytic calculations. R.A.K. supervised the methodol-
ogy, and R.H. and R.A.K. contributed by reviewing to the final version of the 
manuscript.

Funding
This research was made possible through funding support from the Islamic 
Development Bank.

Availability of data and materials
The data that support this study are available at https://​doi.​org/​10.​5281/​
zenodo.​77492​06.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
The authors agree to the publication of this study without restriction.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Environment and Sustainability Sciences, Faculty of Natural 
Resources and Environment, University for Development Studies, West African 
Centre for Water, Irrigation and Sustainable Agriculture, Nyankpala‑Campus, 

https://doi.org/10.5281/zenodo.7749206
https://doi.org/10.5281/zenodo.7749206


Page 21 of 23Dahan et al. Fire Ecology           (2023) 19:42 	

P.O. Box TL1882, Tamale, Ghana. 2 West African Centre for Water, Irrigation 
and Sustainable Agriculture, University for Development Studies, Nyank-
pala‑Campus, P.O. Box TL1882, Tamale, Ghana. 3 Department of Environ-
ment, Water and Waste Engineering, University for Development Studies, 
Nyankpala‑Campus, P.O. Box TL1882, Tamale, Ghana. 4 Department of Forestry 
and Forest Resources Management, Faculty of Natural Resources and Envi-
ronment, University for Development Studies, Nyankpala‑Campus, P.O. Box 
TL1882, Tamale, Ghana. 

Received: 24 November 2022   Accepted: 5 June 2023

References
Afikorah-Danquah, S. 1997. Local resource management in the Forest-savan-

nah transition zone: the case of Wenchi District Ghana. IDS Bulletin 28 
(4): 36–46. https://​doi.​org/​10.​1111/j.​1759-​5436.​1997.​mp280​04005.x.

Agee, J.K. 1997. The severe weather wildfire–too hot to handle? Northwest 
Science 71: 153–156.

Agyemang, S.O., M.W. Muller, and V.R. Barnes. 2015. Fire in Ghana’s dry forest: 
causes, frequency, effects and management interventions. In Proceed-
ings of the large wildland fires conference; 19-23 May 2014; Missoula, 
Montana, USA. Proceedings RMRS-P-73, ed. R.E. Keane, M. Jolly, R. Parsons, 
and K. Riley, 15–21. Fort Collins: USDA Forest Service, Rocky Mountain 
Research Station.

Amoako, E.E., and J. Gambiza. 2022. Fire use practices, knowledge and percep-
tions in a West African savanna parkland. PLoS One 17 (5): e0240271. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02402​71.

Andela, N., D.C. Morton, L. Giglio, Y. Chen, G.R. van der Werf, P.S. Kasibhatla, 
R.S. DeFries, G.J. Collatz, S. Hantson, S. Kloster, D. Bachelet, M. Forrest, G. 
Lasslop, F. Li, S. Mangeon, J.R. Melton, C. Yue, and J.T. Randerson. 2017. 
A human-driven decline in global burned area. Science 356 (6345): 
1356–1362. https://​doi.​org/​10.​1126/​scien​ce.​aal41​08.

Archibald, S., A. Nickless, R.J. Scholes, and R. Schulze. 2010. Methods to deter-
mine the impact of rainfall on fuels and burned area in southern African 
savannas. International Journal of Wildland Fire 19 (6): 774–782. https://​
doi.​org/​10.​1071/​WF082​07.

Axford, J., and S. Legge. 2008. EcoFire–A survey of public perceptions about fire 
in the Kimberley, WA. Perth, Western Australia: Rangelands NRM and 
Australian Wildlife Conservancy.

Ayivor, J.S., O. Pabi, B.D. Ofori, D.R. Yirenya-Taiwiah, and C. Gordon. 2015. Agro-
diversity in the Forest-savannah transition zone of Ghana: a strategy for 
food security against climatic and socio-economic stressors. Environ-
ment and Natural Resources Research 6 (1): 2016. https://​doi.​org/​10.​
5539/​enrr.​v6n1p1.

Bajocco, S., and C. Ricotta. 2008. Evidence of selective burning in Sardinia 
(Italy): which land-cover classes do wildfires prefer? Landscape Ecology 
23: 241–248. https://​doi.​org/​10.​1007/​s10980-​007-​9176-5.

Bergeron, Y., S. Gauthier, M. Flannigan, and V. Kafka. 2004. Fire regimes at 
the transition between mixedwood and coniferous boreal forest in 
northwestern Quebec. Ecology 85: 1916–1932. https://​doi.​org/​10.​1890/​
02-​0716.

Blanch, S. 2008. Steps to a sustainable Northern Australia. Ecological Manage-
ment & Restoration 9: 110–115. https://​doi.​org/​10.​1111/j.​1442-​8903.​
2008.​00401.x.

Bloesch, U. 1999. Fire as a tool in the management of a savanna/dry forest 
reserve in Madagascar. Applied Vegetation Science 2: 117–124. https://​
doi.​org/​10.​2307/​14788​88.

Boer, M.M., R.J. Sadler, R.A. Bradstock, A.M. Gill, and P.F. Grierson. 2008. Spatial 
scale invariance of southern Australian forest fires mirrors the scal-
ing behaviour of fire-driving weather events. Landscape Ecology 23: 
899–913. https://​doi.​org/​10.​1007/​s10980-​008-​9260-5.

Boer, M.M., V.R. de Dios, and R.A. Bradstock. 2020. Unprecedented burn area of 
Australian mega forest fires. Nature Climate Change 10: 171–172. https://​
doi.​org/​10.​1038/​s41558-​020-​0716-1.

Boschetti, L., D. Roy, and A.A. Hoffmann. 2009. MODIS collection 5 burned area 
product-MCD45 user’s guide. Washington, D.C: National Aeronautics and 
Space Administration. Available online at: https://​lpdaac.​usgcs.​gov/​
docum​ents/​442/​MCD45_​User_​Guide_​V5.​pdf

Bowman, D.M., J.K. Balch, P. Artaxo, W.J. Bond, J.M. Carlson, M.A. Cochrane, C.M. 
D’Antonio, R.S. DeFries, J.C. Doyle, and S.P. Harrison. 2009. Fire in the 
Earth system. Science 324: 481–484. https://​doi.​org/​10.​1126/​scien​ce.​
11638​86.

Bowman, D.M.J.S., J. Balch, P. Artaxo, W.J. Bond, M.A. Cochrane, C.M. D’Antonio, 
R. Defries, F.H. Johnston, J.E. Keeley, M.A. Krawchuk, C.A. Kull, M. Mack, 
M.A. Moritz, S. Pyne, C.I. Roos, A.C. Scott, N.S. Sodhi, and T.W. Swet-
nam. 2011. The human dimension of fire regimes on Earth. Journal of 
Biogeography 38 (12): 2223–2236. https://​doi.​org/​10.​1111/j.​1365-​2699.​
2011.​02595.x.

Bowman, D.M.J.S., C.A. Kolden, J.T. Abatzoglou, F.H. Johnston, G.R. van der 
Werf, and M. Flannigan. 2020. Vegetation fires in the Anthropocene. 
Nature Reviews Earth & Environment 1: 500–515. https://​doi.​org/​10.​1038/​
s43017-​020-​0085-3.

Braimah, M., V.A. Asante, M.A. Ahiataku, S.O. Ansah, F. Otu-Larbi, B. Yahaya, J.B. 
Ayabilah, and F. Nkrumah. 2022. Variability of the minor season rainfall 
over southern Ghana (1981–2018). Advances in Meteorology 2022: 
1861130. https://​doi.​org/​10.​1155/​2022/​18611​30.

Bruzon, Y. 1994. Les pratiques du feu en Afrique subhumide: exemples 
des milieux savanicoles de la Centrafrique et de la Côte d’Ivoire. In 
Dynamique des systèmes agraires: à la croisée des parcours : pasteurs, 
éleveurs, cultivateurs, ed. C. Blanc-Pamard and J. Boutrais, 147–162. Paris: 
ORSTOM. [In French.]

Butler, O.M., T. Lewis, M. Rezaei Rashti, S.C. Maunsell, J.J. Elser, and C. Chen. 
2019. The stoichiometric legacy of fire regime regulates the roles of 
micro-organisms and invertebrates in decomposition. Ecology 100: 
e02732. https://​doi.​org/​10.​1002/​ecy.​2732.

Caillault, S., A. Ballouche, and D. Delahaye. 2010. Organisation spatio-
temporelle des feux de brousse. Approche comparative au Burkina 
Faso. In Actes des Neuvièmes Rencontres de Théo Quant, 4–6 March 2009, 
Besançon, France. [In French.]

Childs, C. 2004. Interpolating surfaces in ArcGIS Spatial Analyst. ArcUser. July–
September. Online at https://​www.​esri.​com/​news/​arcus​er/​0704/​files/​
inter​polat​ing.​pdf

Chou, Y.H., R.A. Minnich, L.A. Salazar, J.D. Power, and R.J. Dezzani. 1990. Spatial 
autocorrelation of wildfire distribution in the Idyllwild Quadrangle, San 
Jacinto Mountain California. Photogrammetric Engineering and Remote 
Sensing 56 (1): 1507–1513.

Christensen, J.H., T.R. Carter, M. Rummukainen, and G. Amanatidis. 2007. 
Evaluating the performance and utility of regional climate models: the 
PRUDENCE project. Climate Change 81 (Suppl 1): 1–6. https://​doi.​org/​
10.​1007/​s10584-​006-​9211-6.

CILSS. [Permanent Interstate Committee for Drought Control in the Sahel.] 
2016. Landscapes of West Africa—a window on a changing World. Gar-
retson: US Geological Survey EROS. https://​doi.​org/​10.​5066/​F7N01​4QZ

Cumming, S.G. 2001. Forest type and wildfire in the Alberta boreal mixed-
wood: what do fires burn? Ecological Applications 11: 97–110. https://​
doi.​org/​10.​1890/​1051-​0761(2001)​011[0097:​FTAWIT]​2.0.​CO;2.

Delmas, R.A., P. Loudjani, A. Podaire, and J.C. Menaut. 1991. Biomass burning 
in Africa: an assessment of annually burned biomass. In Global Biomass 
Burning. Atmospheric, Climatic and Biospheric Implications, ed. S.J. Levine, 
126–132. Cambridge: The MIT Press.

Etienne, P. 1971. Le fait villageois Baoulé. Abidjan, Côte d’Ivoire: Centre 
O.R.S.T.O.M. de Petit-Bassam. [In French.]

Fernandes, P.M., and H.S. Botelho. 2003. A review of prescribed burning effec-
tiveness in fire hazard reduction. International Journal of Wildland Fire 
12: 117–128. https://​doi.​org/​10.​1071/​WF020​42.

Flannigan, M.D., M.A. Krawchuk, W.J. de Groot, B.M. Wotton, and L.M. Gow-
man. 2009. Implications of changing climate for global wildland fire. 
International Journal of Wildland Fire 18 (5): 483–507. https://​doi.​org/​10.​
1071/​WF081​87.

Frost, P. 1996. The ecology of Miombo woodlands. In The Miombo in transition: 
woodlands and welfare in Africa, ed. B. Campbell, 11–55. Bogor, Indone-
sia: Center for International Forestry Research.

Gibb, H., J.J. Grubb, O. Decker, N. Murphy, A.E. Franks, and J.L. Wood. 2022. 
The role of decomposer communities in managing surface fuels: a 
neglected ecosystem service. International Journal of Wildland Fire 31 
(4): 350–368. https://​doi.​org/​10.​1071/​WF211​12.

Giglio, L., J.T. Randerson, and G.R.van der Werf. 2013. Analysis of daily, monthly, 
and annual burned area using the fourth-generation global fire 

https://doi.org/10.1111/j.1759-5436.1997.mp28004005.x
https://doi.org/10.1371/journal.pone.0240271
https://doi.org/10.1126/science.aal4108
https://doi.org/10.1071/WF08207
https://doi.org/10.1071/WF08207
https://doi.org/10.5539/enrr.v6n1p1
https://doi.org/10.5539/enrr.v6n1p1
https://doi.org/10.1007/s10980-007-9176-5
https://doi.org/10.1890/02-0716
https://doi.org/10.1890/02-0716
https://doi.org/10.1111/j.1442-8903.2008.00401.x
https://doi.org/10.1111/j.1442-8903.2008.00401.x
https://doi.org/10.2307/1478888
https://doi.org/10.2307/1478888
https://doi.org/10.1007/s10980-008-9260-5
https://doi.org/10.1038/s41558-020-0716-1
https://doi.org/10.1038/s41558-020-0716-1
https://lpdaac.usgcs.gov/documents/442/MCD45_User_Guide_V5.pdf
https://lpdaac.usgcs.gov/documents/442/MCD45_User_Guide_V5.pdf
https://doi.org/10.1126/science.1163886
https://doi.org/10.1126/science.1163886
https://doi.org/10.1111/j.1365-2699.2011.02595.x
https://doi.org/10.1111/j.1365-2699.2011.02595.x
https://doi.org/10.1038/s43017-020-0085-3
https://doi.org/10.1038/s43017-020-0085-3
https://doi.org/10.1155/2022/1861130
https://doi.org/10.1002/ecy.2732
https://www.esri.com/news/arcuser/0704/files/interpolating.pdf
https://www.esri.com/news/arcuser/0704/files/interpolating.pdf
https://doi.org/10.1007/s10584-006-9211-6
https://doi.org/10.1007/s10584-006-9211-6
https://doi.org/10.5066/F7N014QZ
https://doi.org/10.1890/1051-0761(2001)011[0097:FTAWIT]2.0.CO;2
https://doi.org/10.1890/1051-0761(2001)011[0097:FTAWIT]2.0.CO;2
https://doi.org/10.1071/WF02042
https://doi.org/10.1071/WF08187
https://doi.org/10.1071/WF08187
https://doi.org/10.1071/WF21112


Page 22 of 23Dahan et al. Fire Ecology           (2023) 19:42 

emissions database (GFED4). Journal of Geophysical Research: Biogeo-
sciences 118: 317–328. https://​doi.​org/​10.​1002/​jgrg.​20042.

Giglio, L., W. Schroeder, and C.O. Justice. 2020. MODIS Collection 6 active fire 
product user’s guide revision C. Washington, D.C: National Aeronautics 
and Space Administration.

Gordon, A.D. 1994. Clustering algorithms and cluster validation. In Compu-
tational Statistics, ed. P. Dirschedl and R. Ostermann, 497–512. Berlin, 
Germany: Physica-Verlag.

Goula, B.T.A., E.G. Soro, W. Kouassi, and B. Srohourou. 2012. Tendances et 
ruptures au niveau des pluies journalières extrêmes en Côte d’Ivoire 
(Afrique de l’Ouest). Hydrological Sciences Journal 57(6): 1067–1080. [In 
French.] https://​doi.​org/​10.​1080/​02626​667.​2012.​692880

Govender, N., W.S.W. Trollope, and B.W. van Wilgen. 2006. The effect of fire 
season, fire frequency, rainfall and management on fire intensity in 
savanna vegetation in South Africa. Journal of Applied Ecology 43 (4): 
748–758. https://​doi.​org/​10.​1111/j.​1365-​2664.​2006.​01184.x.

GSA [Ghana Statistical Agency]. 2005. Population data analysis reports, volume 
1: socioeconomic and demographic trends analysis. Accra: Ghana Statisti-
cal Service.

Guiguindibaye, M., M. Belem, and J. Boussim. 2013. Caractéristiques des feux 
dans un incendie en savane soudanienne au Tchad. International Jour-
nal of Biological and Chemical Sciences 7 (3): 1147–1156. https://​doi.​org/​
10.​4314/​ijbcs.​v7i3.​21. [In French.].

Hao, W.M., M.-H. Liu, and P.J. Crutzen. 1990. Estimates of annual and regional 
releases of C02 and other trace gases to the atmosphere from fires 
in the tropics, based on the FAO statistics for the period 1975–1980. 
In Fires in the tropical biota, ecological studies 84, edi. J.G. Goldammer, 
440–462. Berlin: Springer-Verlag. https://​doi.​org/​10.​1007/​978-3-​642-​
75395-4_​20

Heyerdahl, E.K., L.B. Brubaker, and J.K. Agee. 2001. Spatial controls of historical 
fire regimes: a multiscale example from the Interior West, USA. Ecol-
ogy 82: 660–678. https://​doi.​org/​10.​1890/​0012-​9658(2001)​082[0660:​
SCOHFR]​2.0.​CO;2.

Hopkins, J.R., J.M. Huffman, W.J. Platt, and B.A. Sikes. 2020. Frequent fire slows 
microbial decomposition of newly deposited fine fuels in a pyroph-
ilic ecosystem. Oecologia 193: 631–643. https://​doi.​org/​10.​1007/​
s00442-​020-​04699-5.

Huffman, M.R. 2013. The many elements of traditional fire knowledge: 
synthesis, classification, and aids to cross-cultural problem solving in 
fire-dependent systems around the world. Ecology and Society 18 (4): 3. 
https://​doi.​org/​10.​5751/​ES-​05843-​180403.

Husseini, R., D.T. Aboah, and H. Issifu. 2020. Fire control systems in forest 
reserves: an assessment of three forest districts in the northern region, 
Ghana. Scientific African 7: e00245. https://​doi.​org/​10.​1016/j.​sciaf.​2019.​
e00245

Inter-Réseaux Développement Rural. 2019. Le développement agricole et rural 
au Ghana. Bulletin Thématique No. 370: 21 novembre 2019. Available 
online at http://​bit.​ly/​2SqX2​Hd [In French.]

Jacquin, A. 2010. Dynamics of savannah vegetation in relation to fire use in 
Madagascar. Time series analysis of remote sensing images. Dissertation, 
University of Toulouse, France.

Keane, R.E. 2013. Describing wildland surface fuel loading for fire manage-
ment: a review of approaches, methods and systems. International 
Journal of Wildland Fire 22 (1): 51–62. https://​doi.​org/​10.​1071/​WF111​39.

Keeley, J.E., C.J. Fotheringham, and M. Morais. 1999. Re-examining fire suppres-
sion impacts on brushland fire regimes. Science 284 (5421): 1829–1832. 
https://​doi.​org/​10.​1126/​scien​ce.​284.​5421.​1829.

Kendall, M. 1975. Rank Correlation Methods, 4th ed. London, United Kingdom: 
Charles Griffin.

Krawchuk, M.A., M.A. Moritz, M.-A. Parisien, J. Van Dorn, and K. Hayhoe. 2009. 
Global pyrogeography: the current and future distribution of wildfire. 
PLoS ONE 4. https://​doi.​org/​10.​1371/​journ​al.​pone.​00051​02 .

Kugbe, J.X., F. Mathias, T.L. Desta, M. Denich, and P.L.G. Vlek. 2012. Annual 
vegetation burns across the northern savanna region of Ghana: 
period of occurrence, area burns, nutrient losses and emissions. Nutri-
ent Cycling in Agroecosystems 93: 265–284. https://​doi.​org/​10.​1007/​
s10705-​012-​9514-0.

Kusimi, J.M., and J.W. Appati. 2012. Bushfires in the Krachi District: the socio-
economic and environmental implications. International Archives of the 
Photogrammetry, Remote Sensing and Spatial Information Sciences XXXIX-
B8: 39–44. https://​doi.​org/​10.​5194/​isprs​archi​ves-​XXXIX-​B8-​39-​2012

Liu, C. 2015. Study on the characteristics of forest fire causalities between 
China and America. Dissertation, Northeast Forestry University, Harbin, 
China.

Mann, H.B. 1945. Nonparametric tests against trend. Econometrica 13 (3): 
245–259. https://​doi.​org/​10.​2307/​19071​87.

Mann, H.B., and D.R. Whitney. 1947. On a test of whether one of two random 
variables is stochastically larger than the other. Annals of Mathematical 
Statistics 18 (1): 50–60. https://​doi.​org/​10.​1214/​aoms/​11777​30491.

McLauchlan, K.K., P.E. Higuera, J. Miesel, B.M. Rogers, J. Schweitzer, J.K. Shuman, 
A.J. Tepley, J.M. Varner, T.T. Veblen, and S.A. Adalsteinsson. 2020. Fire as a 
fundamental ecological process: research advances and frontiers. Jour-
nal of Ecology 108: 2047–2069. https://​doi.​org/​10.​1111/​1365-​2745.​13403.

Menaut, J.C., M. Lepage, and L. Abbadie. 1995. Savannas, woodlands and dry 
forests in Africa. In Seasonally dry tropical forests, ed. S.H. Bullock, H.A. 
Mooney, and E.E. Medina, 64–92. London: Cambridge University Press. 
https://​doi.​org/​10.​1017/​CBO97​80511​753398.​004

Menczer, K., and E. Quaye. 2006. USAID/Ghana environmental threats and 
opportunities assessment. (FAA 118/9 Assessment). Washington, D.C: US 
Agency for International Development Available online at: https://​pdf.​
usaid.​gov/​pdf_​docs/​PA00J​XBB.​pdf.

Mermoz, M., T. Kitzberger, and T.T. Veblen. 2005. Landscape influences on 
occurrence and spread of wildfires in Patagonian forests and shrub-
lands. Ecology 86: 2705–2715. https://​doi.​org/​10.​1890/​04-​1850.

MOFA [Ministry of Food & Agriculture]. 2015. Kassena-Nankana West. https://​
mofa.​gov.​gh/​site/​sports/​distr​ict-​direc​torat​es/​upper-​east-​region/​267-​
kasse​na-​nanka​na-​west Accessed 25 November 2021.

Moreira, F., F.C. Rego, and P.G. Ferreira. 2001. Temporal (1958–1995) pattern of 
change in a cultural landscape of north-western Portugal: implications 
for fire occurrence. Landscape Ecology 16: 557–567. https://​doi.​org/​10.​
1023/A:​10131​30528​470.

Moreira, F., P. Vaz, F. Catry, and J.S. Silva. 2009. Regional variations in wildfire sus-
ceptibility of land-cover types in Portugal: implications for landscape 
management to minimize fire hazard. International Journal of Wildland 
Fire 18: 563–574. https://​doi.​org/​10.​1071/​WF070​98.

Moreno, J.M., A. Vázquez, and R. Vélez. 1998. Recent history of forest fires in 
Spain. In Large forest fires, ed. J.M. Moreno, 159–185. Leiden, The Nether-
lands: Backhuys Publishers.

Munawar, H.S., F. Ullah, S.I. Khan, Z. Qadir, and S. Qayyum. 2021. UAV assisted 
spatiotemporal analysis and management of bushfires: a case study of 
the 2020 Victorian bushfires. Fire 4 (3): 40. https://​doi.​org/​10.​3390/​fire4​
030040.

N’Datchoh, E.T., A. Konaré, A. Diedhiou, A. Diawara, E. Quansah, and P. Assamoi. 
2015. Effects of climate variability on savannah fire regimes in West 
Africa. Earth System Dynamics 6 (1): 161–174. https://​doi.​org/​10.​5194/​
esd-6-​161-​2015.

Nielsen, T.T., and K. Rasmussen. 2001. Utilization of NOAA AVHRR for assessing 
the determinants of savanna fire distribution in Burkina Faso. Interna-
tional Journal of Wildland Fire 10: 129–135. https://​doi.​org/​10.​1071/​
WF010​15.

Nindel, S. 2017. Forest fire dynamics and carbon stocks in different ecologi-
cal zones of Ghana. Dissertation, Dresden University of Technology, 
Germany. Available online at: https://​tud.​qucosa.​de/​api/​qucosa%​3A311​
73/​attac​hment/​ATT-0/

Nketiah, K.S., and J. Asante. 2018. Estimating national charcoal production in 
Ghana. Kumasi: Tropenbos Ghana.

Nunes, M.C.S., M.J. Vasconcelos, J.M.C. Pereira, N. Dasgupta, and R.J. Alldredge. 
2005. Land cover type and fire in Portugal: do fires burn land cover 
selectively? Landscape Ecology 20: 661–673. https://​doi.​org/​10.​1007/​
s10980-​005-​0070-8.

Obiri, B.D., I. Nunoo, E. Obeng, F.W. Owusu, and E. Marfo. 2014. The charcoal 
industry in Ghana: an alternative livelihood option for displaced illegal 
chainsaw lumber producers. Wageningen: Tropenbos International.

Oliveras, I., L.O. Anderson, and Y. Malhi. 2014. Application of remote sensing 
to understanding fire regimes and biomass burning emissions of the 
tropical Andes. Global Biogeochemical Cycles 28 (4): 480–496. https://​doi.​
org/​10.​1002/​2013G​B0046​64.

Owusu, K., and P. Waylen. 2009. Trends in spatio-temporal variability in annual 
rainfall in Ghana (1951–2000). Weather 64 (5): 115–120. https://​doi.​org/​
10.​1002/​wea.​255.

Pausas, J.G., and J.E. Keeley. 2009. A burning story: the role of fire in the history 
of life. Bioscience 59: 593–601. https://​doi.​org/​10.​1525/​bio.​2009.​59.7.​10.

https://doi.org/10.1002/jgrg.20042
https://doi.org/10.1080/02626667.2012.692880
https://doi.org/10.1111/j.1365-2664.2006.01184.x
https://doi.org/10.4314/ijbcs.v7i3.21
https://doi.org/10.4314/ijbcs.v7i3.21
https://doi.org/10.1007/978-3-642-75395-4_20
https://doi.org/10.1007/978-3-642-75395-4_20
https://doi.org/10.1890/0012-9658(2001)082[0660:SCOHFR]2.0.CO;2
https://doi.org/10.1890/0012-9658(2001)082[0660:SCOHFR]2.0.CO;2
https://doi.org/10.1007/s00442-020-04699-5
https://doi.org/10.1007/s00442-020-04699-5
https://doi.org/10.5751/ES-05843-180403
https://doi.org/10.1016/j.sciaf.2019.e00245
https://doi.org/10.1016/j.sciaf.2019.e00245
http://bit.ly/2SqX2Hd
https://doi.org/10.1071/WF11139
https://doi.org/10.1126/science.284.5421.1829
https://doi.org/10.1371/journal.pone.0005102
https://doi.org/10.1007/s10705-012-9514-0
https://doi.org/10.1007/s10705-012-9514-0
https://doi.org/10.5194/isprsarchives-XXXIX-B8-39-2012
https://doi.org/10.2307/1907187
https://doi.org/10.1214/aoms/1177730491
https://doi.org/10.1111/1365-2745.13403
https://doi.org/10.1017/CBO9780511753398.004
https://pdf.usaid.gov/pdf_docs/PA00JXBB.pdf
https://pdf.usaid.gov/pdf_docs/PA00JXBB.pdf
https://doi.org/10.1890/04-1850
https://mofa.gov.gh/site/sports/district-directorates/upper-east-region/267-kassena-nankana-west
https://mofa.gov.gh/site/sports/district-directorates/upper-east-region/267-kassena-nankana-west
https://mofa.gov.gh/site/sports/district-directorates/upper-east-region/267-kassena-nankana-west
https://doi.org/10.1023/A:1013130528470
https://doi.org/10.1023/A:1013130528470
https://doi.org/10.1071/WF07098
https://doi.org/10.3390/fire4030040
https://doi.org/10.3390/fire4030040
https://doi.org/10.5194/esd-6-161-2015
https://doi.org/10.5194/esd-6-161-2015
https://doi.org/10.1071/WF01015
https://doi.org/10.1071/WF01015
https://tud.qucosa.de/api/qucosa%3A31173/attachment/ATT-0/
https://tud.qucosa.de/api/qucosa%3A31173/attachment/ATT-0/
https://doi.org/10.1007/s10980-005-0070-8
https://doi.org/10.1007/s10980-005-0070-8
https://doi.org/10.1002/2013GB004664
https://doi.org/10.1002/2013GB004664
https://doi.org/10.1002/wea.255
https://doi.org/10.1002/wea.255
https://doi.org/10.1525/bio.2009.59.7.10


Page 23 of 23Dahan et al. Fire Ecology           (2023) 19:42 	

Penman, T.D., F.J. Christie, A.N. Andersen, R.A. Bradstock, G.J. Cary, M.K. Hen-
derson, O. Price, C. Tran, G.M. Wardle, and R.J. Williams. 2011. Prescribed 
burning: how can it work to conserve the things we value? Interna-
tional Journal of Wildland Fire 20: 721–733. https://​doi.​org/​10.​1071/​
WF091​31.

Pettitt, A. 1979. A non-parametric approach to the change point problem. 
Applied Statistics 28 (2): 126–135. https://​doi.​org/​10.​2307/​23467​29.

Podur, J.J., and D.L. Martell. 2009. The influence of weather and fuel type on 
the fuel composition of the area burned by forest fires in Ontario, 
1996–2006. Ecological Applications 19: 1246–1252. https://​doi.​org/​10.​
1890/​08-​0790.1.

Pyne, S.J. 1997. World fire: the culture of fire on Earth. Seattle, USA: University of 
Washington Press.

Ribeiro, N.S., H.H. Shugart, and R. Washington-Allen. 2008. The effects of fire 
and elephants on species composition and structure of the Niassa 
Reserve, northern Mozambique. Forest Ecology and Management 255: 
1626–1636. https://​doi.​org/​10.​1016/j.​foreco.​2007.​11.​033.

Roy, D.P., Y. Jin, P.E. Lewis, and C.O. Justice. 2005. Prototyping a global algorithm 
for systematic fire-affected area mapping using MODIS time-series 
data. Remote Sensing of Environment 97 (2): 137–162. https://​doi.​org/​10.​
1016/j.​rse.​2005.​04.​007.

Russell-Smith, J., and P.J. Whitehead. 2015. Reimagining fire management in 
fire prone northern Australia. In Carbon accounting and savanna fire 
management, ed. B. Murphy, A. Edwards, C.P. Meyer, and J. Russell-
Smith, 1–22. Melbourne, Victoria, Australia: CSIRO Publishing.

Russell-Smith, J., B.P. Murphy, C.M. Meyer, G.D. Cook, S. Maier, A.C. Edwards, 
J. Schatz, and P. Brocklehurst. 2009. Improving estimates of savanna 
burning emissions for greenhouse accounting in northern Australia: 
limitations, challenges, applications. International Journal of Wildland 
Fire 18: 1–18. https://​doi.​org/​10.​1071/​WF080​09.

Santín, C., and S, H, Doerr, E.S. Kane, C.A. Masiello, M. Ohlson, J.M. de la Rosa, 
C.M. Preston, and T. Dittmar. 2016. Towards a global assessment of pyro-
genic carbon from vegetation fires. Global Change Biology 22 (1): 76–91. 
https://​doi.​org/​10.​1111/​gcb.​12985.

Servat, E., J.-M. Paturel, B. Kouame, M. Travaglio, M. Ouedraogo, J.-F. Boyer, H. 
Lubes-Niel, J.-M. Fristch, J.M. Masson, and B. Marieu. 1998. Identifica-
tion, caractérisation et conséquences d’une variabilité hydrologique 
en Afrique de l’Ouest et Centrale. In Proceedings of the conference Water 
Resources Variability in Africa during the XXth Century, 16–19 November 
1998, Abidjan, Côte d’Ivoire, Africa. International Association of Hydrologi-
cal Sciences Publication 252, ed. E. Servat, D. Hughes, J.M. Fritsch, and M. 
Hulme. 323–337.

Siraj, K.T., A. Mohammed, S. Bam, and S. Addisu. 2013. Long years comparative 
climate change trend analysis in terms of temperature, coastal Andhra 
Pradesh, India. Abhinav National Monthly Refereed Journal of Research in 
Science & Technology 2 (7): 1177–2274.

Stanturf, J.A., M.L. Warren Jr., S. Charnley, S.C. Polasky, S.L. Goodrick, F. 
Armah, and Y.A. Nyako. 2011. Ghana climate change vulnerability and 
adaptation assessment. Washington, D.C: US Agency for International 
Development.

Syphard, A.D., V.C. Radeloff, N.S. Keuler, R.S. Taylor, T.J. Hawbaker, S.I. Stewart, 
and M.K. Clayton. 2008. Predicting spatial patterns of fire on a southern 
California landscape. International Journal of Wildland Fire 17: 602–613. 
https://​doi.​org/​10.​1071/​WF070​87.

Tarimo, B., B.D. Øystein, G. Terje, and T. Ørjan. 2015. Spatial distribution of tem-
poral dynamics in anthropogenic fires in Miombo savanna woodlands 
of Tanzania. Carbon Balance and Management 10: 18. https://​doi.​org/​10.​
1186/​s13021-​015-​0029-2.

Tian, X.R., L.F. Shu, F.J. Zhao, and M.Y. Wang. 2017. Impacts of climate change 
on forest fire danger in China. Scientia Silvae Sinicae 53 (7): 159–169. 
https://​doi.​org/​10.​11707/j.​1001-​7488.​20170​716.

Titriku, P.K. 1999. Agriculture in the Volta Basin: problems and prospects. In 
Sustainable integrated development of the Volta Basin in Ghana, ed. C. 
Gordon and J. K. Ametekpor, 110–121. Legon: Volta Basin Research 
Project, University of Ghana.

Turetsky, M.R., B. Benscoter, S. Page, G. Rein, G.R. van der Werf, and A. Watts. 
2015. Global vulnerability of peatlands to fire and carbon loss. Nature 
Geoscience 8 (1): 11–14. https://​doi.​org/​10.​1038/​ngeo2​325.

Turner, M.G., W.H. Romme, R.H. Gardner, and W.W. Hargrove. 1997. Effects of 
fire size and pattern on early succession in Yellowstone National Park. 

Ecological Monographs 67: 411–433. https://​doi.​org/​10.​1890/​0012-​
9615(1997)​067[0411:​EOFSAP]​2.0.​CO;2.

UNDP [United Nations Development Programme]. 2008. National climate 
change adaptation strategy. New York, Nairobi: UNDP, UNEP. Available 
online at https://​www.​adapt​ation-​undp.​org/​sites/​defau​lt/​files/​downl​
oads/​ghana_​natio​nal_​clima​te_​change_​adapt​ation_​strat​egy_​nccas.​pdf

Valea, F. 2005. Guide méthodologique. Élaboration d’une méthode de suivi et 
d’analyse spatio-temporelle des feux de brousse en Afrique de l’ouest: cas du 
Sénégal et du Burkina Faso. Dakar, Sénégal: Laboratoire d’Enseignement 
et de Recherche en Géomatique. [In French.]

van Langevelde, F., C.A.D.M. van de Vijver, L. Kumar, J. van de Koppel, N. de Rid-
der, J. van Andel, A.K. Skidmore, J.W. Hearne, L. Stroosnijder, W.J. Bond, 
H.H.T. Prins, and M. Rietkerk. 2003. Effects of fire and herbivory on the 
stability of savanna ecosystems. Ecology 84: 337–350. https://​doi.​org/​10.​
1890/​0012-​9658(2003)​084[0337:​EOFAHO]​2.0.​CO;2.

van Wilgen, B.W., N. Govender, H.C. Biggs, D. Ntsala, and X.N. Funda. 2004. 
Response of savanna fire regimes to changing fire-management poli-
cies in large African national parks. Conservation Biology 18: 1533–1540. 
https://​doi.​org/​10.​1111/j.​1523-​1739.​2004.​00362.x.

Vázquez, A., and J.M. Moreno. 2001. Spatial distribution of forest fires in Sierra 
de Gredos (central Spain). Forest Ecology and Management 147: 55–65. 
https://​doi.​org/​10.​1016/​S0378-​1127(00)​00436-9.

Walker, X.J., J.L. Baltzer, S.G. Cumming, N.J. Day, C. Ebert, S. Goetz, J.F. Johnstone, 
S. Potter, B.M. Rogers, and E.A. Schuur. 2019. Increasing wildfires 
threaten historic carbon sink of boreal forest soils. Nature 572 (7770): 
520–523. https://​doi.​org/​10.​1038/​s41586-​019-​1474-y.

Westerhoff, L., and B. Smit. 2009. The rains are disappointing us: dynamic 
vulnerability and adaptation to multiple stressors in the Afram Plains, 
Ghana. Mitigation and Adaptation Strategies for Global Change 14 (4): 
317–337. https://​doi.​org/​10.​1007/​s11027-​008-​9166-1.

Wysong, M., S. Legge, A. Clar, S. Maier, B.J. Rangers, N.N. Rangers, Y.C. Managers, 
S. Cowell, and G. Mackay. 2022. The sum of small parts: changing land-
scape fire regimes across multiple small landholdings in north-western 
Australia with collaborative fire management. International Journal of 
Wildland Fire 31: 97–111. https://​doi.​org/​10.​1071/​WF211​18.

Zheng, S., K.A. Hume, H. Able, S.L. Bishop, and B.A. Boyd. 2020. Exploring 
developmental and behavioral heterogeneity among preschoolers 
with ASD: a cluster analysis on principal components. Autism Research 
13: 796–809. https://​doi.​org/​10.​1002/​aur.​2263.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1071/WF09131
https://doi.org/10.1071/WF09131
https://doi.org/10.2307/2346729
https://doi.org/10.1890/08-0790.1
https://doi.org/10.1890/08-0790.1
https://doi.org/10.1016/j.foreco.2007.11.033
https://doi.org/10.1016/j.rse.2005.04.007
https://doi.org/10.1016/j.rse.2005.04.007
https://doi.org/10.1071/WF08009
https://doi.org/10.1111/gcb.12985
https://doi.org/10.1071/WF07087
https://doi.org/10.1186/s13021-015-0029-2
https://doi.org/10.1186/s13021-015-0029-2
https://doi.org/10.11707/j.1001-7488.20170716
https://doi.org/10.1038/ngeo2325
https://doi.org/10.1890/0012-9615(1997)067[0411:EOFSAP]2.0.CO;2
https://doi.org/10.1890/0012-9615(1997)067[0411:EOFSAP]2.0.CO;2
https://www.adaptation-undp.org/sites/default/files/downloads/ghana_national_climate_change_adaptation_strategy_nccas.pdf
https://www.adaptation-undp.org/sites/default/files/downloads/ghana_national_climate_change_adaptation_strategy_nccas.pdf
https://doi.org/10.1890/0012-9658(2003)084[0337:EOFAHO]2.0.CO;2
https://doi.org/10.1890/0012-9658(2003)084[0337:EOFAHO]2.0.CO;2
https://doi.org/10.1111/j.1523-1739.2004.00362.x
https://doi.org/10.1016/S0378-1127(00)00436-9
https://doi.org/10.1038/s41586-019-1474-y
https://doi.org/10.1007/s11027-008-9166-1
https://doi.org/10.1071/WF21118
https://doi.org/10.1002/aur.2263

	Contribution of remote sensing to wildfire trend and dynamic analysis in two of Ghana’s ecological zones: Guinea-savanna and Forest-savanna mosaic
	Abstract 
	Background 
	Results 
	Conclusions 

	Resumen 
	Antecedentes 
	Resultados 
	Conclusiones 

	Introduction
	Methods
	Study sites
	Methods of imagery analysis, fire mapping, and trend assessment
	Acquisition of fires data and mapping the spatio-temporal dynamics of fires
	Analysis of active fires
	Calculation of fire density and frequency
	Burned areas, fire occurrence, and intensity assessment
	Statistical analysis of fire data
	Mann-Kendall test and inter-annual anomalies
	Pettitt test


	Results
	Seasonal evolution of fires
	Annual evolution of fires
	Fire development and intensity from 2001 to 2021
	Frequency and density of fires from 2001 to 2021
	Statistical analysis of burned areas and active fires in the two ecological zones
	Hierarchical Clustering on Principal Components (HCPC) analysis of burned areas
	Trends in fire active points and area burned by ecoregion (2001 to 2021)

	Inter-annual anomalies

	Discussion
	Seasonal evolution of fire events
	Inter-annual evolution of fire events (2001 to 2021)

	Conclusions
	Acknowledgements
	References


