
162

— Tropical Forest Issues 61 —

162

Introduction 

Fire management in African savannas, including those in Côte d’Ivoire, is a 
complex and interdisciplinary task. It needs to consider interactions among 
many factors, such as management interventions by a range of actors and 
long-term transformations to the regional climate. Changes in fire regimes 
alter the dynamics that favour either forest/woodland or grass-dominated 
landscapes, and thus can have substantial implications on carbon storage, 
greenhouse gases (GHGs) and particle emissions, habitats, biodiversity and 
human livelihoods. Fire regimes also influence the availability and spatial 
distribution of grass species, which provide forage for wildlife and livestock. 

In many protected areas across Africa, information on fire regimes and 
land management has not been available at the required level of detail. 
Furthermore, it is challenging to compile information in a way that is useful 
for decision making and for tracking the effects of implementation. On the 

“A new web and mobile app has 
helped to establish improved 

decision-making processes 
in fire management that are 
characterized by continuous 
learning and development.”

Edges of gallery forests and forest islands are sometimes scorched by high-intensity fires in 
the late dry season, which park managers seek to avoid by implementing early-season burns. 
Photo: G. Rücker
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other hand, recent years have seen a rapid increase in 
free Earth observation data, computing power, network 
speed and web-based geospatial visualization and 
analysis technologies. 

This article describes a successful attempt to compile 
baseline information on fire regimes in Comoé National 
Park, Côte d’Ivoire, at different spatial and temporal 
scales. Data are made available through a system 
that supports fire management planning, reporting, 
and documentation and analysis, and that is used to 
implement management activities.

Comoé National Park 

Comoé National Park is situated between the Sudanian 
savanna and Guinean forest formations in northeastern 
Côte d’Ivoire. Covering 1,148,756 hectares (ha), it is one 
of the largest protected areas in West Africa. The area 
first received some protection in 1926, was enlarged and 
declared a national park in 1968, and became a UNESCO 
World Heritage site in 1983. In 2002, during political and 
military crisis and unrest, park management team was 
forced to abandon the region and the park, leading 
to an increase in poaching, uncontrolled fires and 
other human-induced degradation. After the crisis, the 
Ivoirian Office of Parks and Reserves (Office Ivoirien des 
Parcs et Réserves, OIPR) was created and took over the 
management of the threaten park with support from its 
partners, and in 2017 the park was removed from the list 
of World Heritage in Danger; it was put on the list in 2003. 

Comoé National Park hosts one of the most biodiverse 
savannas in the world. The park is home to 135 different 
mammals, including 11 species of primates, among 
them critically endangered West African chimpanzees 

(Lapuente et al. 2020). Within its large open and grass-
dominated areas, rainforest islands exist in the south, with 
gallery forests along rivers; wooded savannas dominate 
in the east (Goetze et al. 2006).

Park boundaries are visible on dry-season satellite images 
(Figure 1), with dark grey to black areas (indicating 
burned areas) dominating inside the park, except for 
green forest islands and gallery forests. Outside the park, 
green and brown colours indicate mango and cashew 
plantations, agricultural fields, villages and other areas 
that are protected from fires. Where population density 
is high and cash crops dominate, large burned areas 
are uncommon; fuels are not continuously available, so 
fires will go out or be suppressed. Large burned areas are 
confined to protected areas.

Figure 1: During the dry season, large parts of the park 
burn annually and park boundaries are easily identified, 
as shown here on a false-colour Sentinel-2 satellite image 
(December 2019). Source: ZEBRIS. Data: ESA

Comoé National Park is one of the largest in West Africa, with exceptional biodiversity. Photo: G. Rücker
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Fire management

Many people consider fire a threat, and see charred, 
black-grey landscape as negative. However, people 
in savannas see fire as being closely linked with their 
livelihoods, and use it as a tool for various purposes. This 
article presents some of the basic questions about and 
ways to achieve a fire-smart landscape. 

Colonial rule introduced fire-exclusion policies in 
many countries, including Côte d’Ivoire. This often 
had disastrous results, since accumulated fuel led to 
catastrophic late-season fires (Laris and Wardell 2006). 
In later years, conservation area managers and policy 
makers sometimes tried to exclude people from certain 
areas and restore a pre-human “natural” state. In Kruger 
National Park in South Africa, for example, between 1992 
and 2002 park managers decided to allow only lightning-
caused fires to spread, while suppressing human-
caused fires. The suppression of these fires led to fuel 
accumulation and massive fires. Park managers therefore 
changed their approach and recognized that, even in 
conservation areas, people are part of the landscape and 
are one of the elements that define the fire regime (van 
Wilgen et al. 2014). See Box 1.

An information-driven fire 
management strategy

Although fire is an integral part of ecosystems in Comoé 
National Park, uncontrolled high-intensity fires are 
considered a threat to habitats and wildlife. In 2016, the 
protected areas authority (OIPR) began to develop a fire 
management strategy. Implementation was supported 
by monitoring fire activity, including a baseline analysis, 
assessing current fires and monitoring management 
activities. That same year, after a period of evaluation, 
OIPR decided to use an online information platform that 
was then available as an early release (Zebris 2022).

All data were made available through the online platform 
for browsing in web-GIS and for download (see Figures 1, 
2, 3 and 4). Over the years, the platform evolved from a 
monitoring and information entity to a decision support 
tool and management information system to track and 
assess the impact of fire management approaches. 
Detailed data accumulated over several years now help 
to shape the progress of the park’s fire management 
strategy. The strategy balances conservation objectives 
— such as maintaining fire-dependent ecosystems and 
opening up encroached grasslands with high-intensity 
fires — with avoiding large fires and reducing fire intensity 

in sensitive sites. A parallel aim is to reduce greenhouse 
gas emissions and smoke pollution, and to maintain or 
increase carbon stocks in selected areas.

Box 1. Fire management in savannas 

Reducing greenhouse gas and particulate 
emissions from savanna fires has gained traction 
as a means of mitigating climate change. Some 
people suggest that implementing indigenous 
practices such as low-intensity, early-season 
burning could generate carbon credits by reducing 
emissions, while also supporting conservation 
(Lipsett-Moore et al. 2018). Other, however, say 
that re-establishing indigenous fire management 
is flawed, as it is already practised and there is 
little room for improvement. Instead of changing 
savanna fire management in West Africa and 
compensating local communities for that change, 
it has been proposed that local people should 
be rewarded for maintaining their traditional fire 
management approach, which includes both 
early-season burning and the widespread use of 
low-intensity back fires (Laris 2021). In northern 
Australia, for example, recognizing that colonial-
era fire suppression only resulted in more and 
larger fires, the West Arnhem Land Fire Abatement 
(WALFA) project revived indigenous burning to 
create a landscape dominated by early-season 
fires and patchy burns (Russell-Smith et al. 2013). 
This approach is now being scaled up.

To make things more complicated, in many parts 
of Africa the encroachment of trees and shrubs in 
savannas is perceived as a threat to biodiversity 
conservation and livelihoods, and the use of 
high-intensity or high-frequency fires has been 
promoted as a means to reduce unwanted woody 
cover and keep grasslands open. Managers of 
protected areas sometimes have to balance 
competing fire management objectives, such as 
using fire to maintain or expand iconic savanna 
landscapes and their characteristic species, while 
also reducing GHG emissions and increasing 
carbon stocks by shifting fire seasonality and 
reducing fire intensity (Archibald 2016). Hence, 
spatially explicit planning and monitoring is 
important for fire management decision making, 
implementation, and evaluation.
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Figure 2: Colours indicate the month when burns were detected. Source: ZEBRIS

Figure 3: Map of potential landscape vulnerability to fire, to guide management decisions.  
Source: ZEBRIS. Data: OIPR, ZEBRIS

Monitoring

The OIPR initial objective was to establish a baseline of fire 
activity in the park. The first monitoring products provided 
information about burned areas and fire emissions. 
Burned areas were analyzed based on freely available 
data, initially from Landsat and Sentinel-2 satellite data. 
After the launch of a second Sentinel-2 satellite in 2017, 
satellite images at 10-m spatial resolution became 
available every five days, and starting with the 2017/18 fire 
season only these images were used for monitoring.

The size of burned areas in the park varied between 
700,000 hectares in 2016/17 to almost 900,000 hectares in 
2019/20. This means that between 60% and almost 80% 
of the park burned annually. The landcover types affected 
are similar from year to year: most (80%) of the burned 
areas are shrub savannas, followed by woody savannas 
(10%). Most burning occurs in December, but substantial 
fires can also occur in January and February. 

GHG emissions were estimated based on the heat signal 
(or ‘fire radiative power’ of actively burning fires) observed 
by satellite; this correlates to the rate of biomass burning 

(Wooster et al. 2005). The continuous observation of a fire 
enables a calculation of the amount of biomass burned. 
Since data from the sensor that measures heat signals 
are available only up to four times daily, a statistical 
model is used to interpolate between observations. Based 
on this methodology, GHG emissions were estimated to 
be 883,000 tCO2e per fire season.

Analysis and implementation

Once initial baseline information on fires was available, 
and an analysis of vulnerability was carried out, it was 
possible to establish priorities for management activities. 
Within the strategy developed by OIPR, management 
fires are an important element to control fuel load and 
reduce unwanted tree encroachment in selected areas, 
where pioneer species such as African birch (Anogeissus 
leiocarpus) establish and start to shift boundary areas 
from savannas to forests (Hennenberg et al. 2005).

To better understand vulnerability, managers needed 
more information on the components of fire activity and 
fire regimes in various areas of the park. They used a fire 
behaviour prediction model to calculate potential fire 
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intensity. That intensity is derived from weather, terrain 
and land cover and is now routinely calculated daily 
during the fire season.

Managers then analyzed vulnerability, based on this 
modelled fire intensity and on landcover type. They 
planned fire management activities according to four 
zones of vulnerability.

1. Zones where fires should be excluded (gallery 
forests, forest islands).

2. Zones where early-season burning should be used 
to reduce fuel accumulation (tree savannas, forest 
fringes).

3. Zones where high-intensity burns should be used 
to combat tree or bush encroachment into areas 
dominated by grassland (or in limited areas in 
bush savannas).

4. Zones with no specific vulnerability and thus no 
specific fire management objective.

In the 2018/19 fire season, managers implemented and 
documented controlled fires for the first time, mostly 
along the eastern borders of the park in order to protect 
neighbouring villages. By comparing satellite images, 
managers could see that controlled fires covered an 
estimated 6% of the total burned area. To determine if 
the controlled fires had burned at the desired intensity, 
models were developed for the day and time of burning; 
these showed that controlled fires burned at moderate 
and sometimes moderate-to high-intensity.

New tools

Soon after the introduction of management fires, 
a web-based tool was developed for planning and 

Checking on a burned area using the mobile phone app. Photo: G. Rücker

Figure 4: Management fires as documented by firemaps.net. Fire fronts are orange/red; burned areas are black; live 
vegetation is green; and dry vegetation is brown. Source: ZEBRIS. Data: ESA, OIPR
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documenting them. It was complemented in 2022 by 
a mobile app that enables field teams to have online 
access to key information, and allows fire management 
activities to be viewed, developed and revised. This 
supports improved coordination between field teams 
and office staff. Management fires can thus be planned in 
the office or in the field and information about them can 
then be shared. The tool also supports an administrative 
workflow so that managers can chart the progress of fire 
management activities. The forecast mode of potential 
fire-intensity maps (a four-day forecast is currently 
implemented) enables planning of management burns 
depending on likely weather conditions. A management 
dashboard contains information on actively burning 
fires and calculates current GHG emissions in near real-
time. Information on weather conditions that affect fire 
occurrence and spread is available from daily weather 
forecasts. Managers update maps of burned area 
monthly, based on the most recent satellite images.

Experimental burns

Managers conducted four experimental burns in 2019 
and 2022 in the late dry season. The goal was to link 
maps and model data with ground-based information 
in order to validate predictions of fuel consumption, 
emissions and fire intensity . They sampled fuel load and 
combustion completeness and measured fire radiative 
power in order to evaluate the relationship between 
heat release and fuel consumption used in the satellite-
driven model. These experimental burns indicated that 
modelled fuel consumption was realistic, but may be 

underestimated, as long-term average satellite data 
from nearby areas were about 30% lower. Information 
on fire intensity obtained from two of the experimental 
burns also showed that the satellite model provided 
realistic results but may overestimate fire intensity. Further 
experimental burns will follow to characterize GHG 
emissions.

Towards improved fire-
smart management

Adopting these web tools was characterized by 
continuous learning and development and helped 
OIPR to establish new decision-making processes in fire 
management. The platform served first as a monitoring 
and information device, then as an instrument to develop 
a fire management strategy, and finally, as a way to 
plan, document and monitor the implementation of the 
authority’s strategy. Managers have compiled important 
information on the fire regime in the park and have laid 
the foundations of a science-based and accountable fire 
management strategy. 

Based on the findings so far, the next steps will be to make 
more in-depth assessments of fire management options 
through improved vulnerability and management maps. 
This will require more research on fire intensity. That is a 
key variable and is not easy to observe over large areas, 
but using new methods now being developed will help 
with this. In addition, the impacts of climate change on 
the park’s fire regime will also be investigated.

Experimental burns helped to corroborate information derived from models and satellite data. Photo: G. Rücker
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Further analysis will also be undertaken to gain a deeper 
understanding of why fires are started by local people 
in the park and how these fires are connected to their 
livelihoods. Dialogue with local stakeholders and further 
science-based assessment will help to pinpoint where 
changes in the fire regime could lead to an enhancement 
of biodiversity and a reduction in emissions of fire-related 
GHGs and pollutants. Overall, the development and 
application of this web-based tool has shown clear 
benefits to fire management in Comoé National Park, and 
merits piloting in other protected areas in the region.
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