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ABSTRACT: The effect of fire on natural ecosystems involves the response of living organisms 
to the release of heat energy through the combustion of plant material. The manner in which and 
the factors that influence the release of heat energy, involves the study of fire behaviour. In Af-
rica there is a serious deficiency of knowledge concerning the behaviour of fires and this is par-
ticularly applicable to the savanna and grassland areas of the continent. Virtually no attempt has 
been made to quantify the dynamics of the release of heat energy during a fire and the subse-
quent response of plants to it. The determination of such relationships helps explain many of the 
apparently inexplicable effects of fire that are often cited in the literature. Research on the effects 
of fire has been conducted throughout the grassland and savanna areas of Africa, particularly in 
southern Africa, since the early period of the 20th century. An interesting feature about these 
early investigations and subsequent research up until 1971, was that it focused on the effects of 
season and frequency of burning on the forage production potential of the grass sward and the ra-
tio of bush to grass in savanna areas However, in 1971 a conference was convened in the United 
States of America in Florida, by the Tall Timbers Research Station on the theme of "Fire in Af-
rica".  The major benefit that accrued from this conference was the realization that in Africa the 
study of fire behaviour and its effects on the ecosystem, as described by type and intensity of 
fire, had been largely ignored in all the fire research that had been conducted up until that time. 
As a consequence a research program was initiated in South Africa and later extended to East 
Africa, to characterise the behaviour of fires burning in savanna and grassland vegetation and de-
termine the effect of type and intensity of fire on the vegetation. The overall effect of  type of 
fire is that surface head fires and crown fires  have the least effect on grasses and have the poten-
tial to have the greatest effect on trees. This is because the heat is released above ground level 
away from the growing points of the grasses and closest to the growing points of the trees. Con-
versely, surface back fires have the opposite effect on grass and tree vegetation. This is because 
the heat is released close to ground level where the growing points of grasses are located and 
away from the growing points of the trees in the canopy. The overall effect of fire intensity is 
that grasses are generally not sensitive to increasing fire intensities because their growing points 
are located close to ground level away from the release of heat energy. Conversely trees are sen-
sitive to increasing fire intensities because their growing points are generally exposed  to the re-
lease of heat energy in the canopy of the trees. These effects explain why intense fires favour the 
development of grassland and open savannas and vice versa. The behaviour of surface head and 
back fires is currently being compared in southern African savannas and tall grass prairies in 
North America and results indicate that fires burning in grass dominated communities behave 
similarly and may therefore have similar effects on grass and tree vegetation globally. 
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1 INTRODUCTION 

The effect of fire on natural ecosystems involves the response of living organisms to the release of 
heat energy through the combustion of plant material. The manner in which and the factors that influ-
ence the release of heat energy, involves the study of fire behaviour which is defined as the release of 
heat energy during combustion as described by fire intensity, rate of spread of the fire front, flame 
characteristics and other related phenomena (Trollope, 1981). In Africa there is a serious deficiency of 
knowledge concerning the behaviour of fires especially in the savanna and grassland areas of the conti-
nent. Little attempt has been made to quantify the factors that influence it, the dynamics of the release of 
heat energy during a fire and the subsequent response of plants to it. The determination of such relation-
ships helps clarify many of the apparently inexplicable effects of fire that are often cited in the literature. 
Research on the effects of fire has been conducted throughout the grassland and savanna areas of Africa, 
particularly in southern Africa, since the early period of the 20th century (West, 1965). An interesting fea-
ture about these early investigations and subsequent research up until 1971, was that it focused on the ef-
fects of season and frequency of burning on the forage production potential of the grass sward and the ra-
tio of bush to grass in savanna areas (West, 1965; Rose-Innes, 1971; Scott, 1971; Gill, 1981). However, 
in 1971 a conference was convened in the United States of America (USA) at Tallahassee in Florida, by 
the Tall Timbers Research Station, on the theme of "Fire in Africa". Fire ecologists from throughout Af-
rica attended this congress. The major benefit that accrued from this conference was the realization that 
in Africa the study of fire behaviour and its effects on the ecosystem, as described by type and intensity 
of fire, had been largely ignored in all the fire research that had been conducted up until that time. As a 
consequence of this realization a research program was initiated in South Africa (Trollope, 1978; Trol-
lope & Tainton, 1986; Trollope & Potgieter, 1985) and later extended to East Africa (Trollope & Trol-
lope, 1999), to characterise the behaviour of fires burning in savanna and grassland vegetation and de-
termine the effect of type and intensity of fire on the vegetation. Following on this extended investigation 
a recent development has been the initiation of a research program during 2002 to compare the behaviour 
and effects of fire in southern African savannas with fires occurring in tall grass prairies on the Konza 
Prairie Biological Station in Kansas in the USA. It is believed that this initial comparison will lead to and 
provide a unique and fascinating global perspective on the effects of types and intensities of fires on 
grass and tree vegetation. This in turn will provide an improved understanding of the fire ecology of 
the grassland and savannas of the world and result in the better use of fire as an ecological manage-
ment practice in these important global ecosystems  

2 FIRE BEHAVIOUR PARAMETERS PERTINENT TO FIRE EFFECTS 

In the study of fire behaviour various parameters have been developed to quantitatively describe 
the behaviour of fires burning in savanna and grassland vegetation but in this discussion only those 
parameters that are pertinent to the effect of fire on the flora will be considered. Basically the effect 
of fire on plants depends upon the amount, rate and the vertical level at which the heat energy is re-
leased and the following fire behaviour parameters have been developed that quantitatively de-
scribe the different aspects of the release of heat energy during a fire. 

2.1 Available heat energy 

The total amount of heat energy available for release during a fire is determined partly by the fuel 
load (Luke & McArthur, 1978) and it determines the heat load to which living cells are subjected. 
The total amount of heat energy contained per unit mass of fuel is called the heat of combustion. In 
South Africa the heat of combustion of a composite grass sample harvested from rangeland domi-
nated by Themeda triandra was determined with a Gallencamp automatic adiabatic bomb calorime-
ter. This analysis was limited to grass because the major portion of the fuel load in African savan-
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nas comprises surface fuels in the form of grass while in grassland the fuel load is entirely grass 
The results of the analyses indicated a mean heat of combustion of 18 024 + 149,0 kJ/kg (Trollope, 
1983) which is similar to the values commonly used in the U.S.A. and Australia.  

Not all the heat of combustion is released during a fire.  Some of the heat energy remains in the 
unburnt plant material while other heat energy is used to drive off fuel moisture (Luke & McArthur, 
1978; Vines, 1981).  Therefore the available heat energy is always somewhat less than the heat of 
combustion of natural plant fuels. The heat yield of fine grass fuels was investigated in the savanna 
areas of the Eastern Cape Province in South Africa and values of 16890 and 17781 kJ/kg were ob-
tained for grass fuels burning as head and back fires respectively in the savanna areas of the Eastern 
Cape Province in South Africa (Trollope, 1983).  These heat yields are in close agreement with the heat 
yields quoted and used in the U.S.A. and Australia (Albini, 1976; Luke & McArthur, 1978).   

2.2 Rate of heat energy release 

Albini (1976) stated that the rate of heat energy release during a fire is one of the most poorly de-
fined and misunderstood measures of fire intensity.  Byram (1959) defined fire intensity as the re-
lease of heat energy per unit time per unit length of fire front. Numerically it is the product of the 
available heat energy and the forward rate of spread of the fire front and can be expressed as the 
equation:

I = H x w x r (1)

where I = fire intensity - kJ/s/m, H = heat yield - kJ/kg, w = mass of available fuel - kg/m2, r = 
rate of spread of the fire front - m/s.   

Albini (1976) stated that Byram's fire intensity has proved to be very useful in fire behaviour 
studies and quotes van Wagner (1973) who found that fire intensity was significantly correlated 
with the height of lethal scorching of coniferous tree crowns. Research in the Eastern Cape Prov-
ince and in the Kruger National Park in South Africa support this view as it was found that fire in-
tensity had a highly significant positive effect on the topkill of stems and branches of trees and 
shrubs in these two areas as will be shown later in this paper (Trollope & Tainton 1985; Trollope, 
Potgieter & Zambatis, 1990). 

2.3 Vertical distribution of heat energy 

A reliable indicator of the vertical distribution of heat energy released during a fire is the perpen-
dicular height of the flames from ground level i.e. flame height. Research in the Eastern Cape Prov-
ince in South Africa has shown that flame height has a significantly positive effect on the topkill of 
stems and branches of trees at increasing height levels (Trollope, 1983). 

The vertical distribution of heat energy in a fire can also be measured by recording temperatures 
at different heights above the ground. Results obtained in the Eastern Cape show significant rela-
tionships between the temperatures recorded at different heights above the ground and the response 
of the grass sward and woody components of the vegetation (Trollope, 1983).

3 FACTORS INFLUENCING FIRE BEHAVIOUR 

There is a serious lack of quantitative data on the effect of various factors on the behaviour of fires in 
Africa. Conversely in the U.S.A. and Australia the study of fire behaviour is more advanced and very 
sophisticated mathematical models have been developed to predict the behaviour of fires. However, 
Luke & McArthur (1978) in Australia believed that for practical field use the fire models that have been 
developed by Rothermel (1972) and others in the U.S.A. are difficult to apply in the field. They pre-
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ferred, instead, simpler models based on general fuel characteristics such as particle size, distribution, 
and moisture content together with slope, relative humidity, air temperature and wind speed. 

A similar approach to Australia has been generally adopted in the savanna and grassland areas of 
South Africa where the effect of different variables on fire intensity was investigated in the Eastern Cape 
Province and the Kruger National Park (Trollope, 1978; Trollope, 1983; Trollope & Potgieter, 1985). 
Attention was focused on fire intensity because it is easy to measure and research has shown that it is 
significantly correlated with other fire behaviour parameters such as rate of spread, flame height and 
temperatures recorded at different heights above the ground during burning. The factors influencing the 
behaviour of fires will be discussed in terms of those variables that should be considered when applying 
controlled burns. A review of the literature reveals that these can be listed as fuel, air temperature, rela-
tive humidity, wind speed and slope (Brown & Davis, 1973; Luke & McArthur, 1978; Cheney, 1981; 
Leigh & Noble, 1981; Shea, Peet & Cheney, 1981; Wright & Bailey, 1982). 

3.1 Fuel

The fuel characteristics that have been considered and which have marked effects on the intensity 
of fires in African grasslands and savannas are fuel moisture and fuel load. 

3.1.1 Fuel moisture 
Fuel moisture is normally expressed on a dry matter basis and is a critical factor in determining 

the intensity of a fire because it affects the ease of ignition, the quantity of fuel consumed and the 
combustion rate of the different types of fuel. The most important influence of fuel moisture on fire 
behaviour is the smothering effect of the water vapour released from the burning fuel. It reduces 
the amount of oxygen in the immediate proximity of the burning plant material thus decreasing the 
rate of combustion (Brown & Davis, 1973). 

The negative effect of fuel moisture on fire intensity was investigated in the Eastern Cape Prov-
ince and Kruger National Park in South Africa and is illustrated in Fig. 1. 
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Figure 1. Effect of fuel moisture on fire intensity recorded in South Africa (Trollope & Tainton, 1986; Trol-
lope & Potgieter, 1985). 

3.1.2 Fuel load 
Fuel load is regarded as one of the most important factors influencing fire behaviour because the total 
amount of heat energy available for release during a fire is related to the quantity of fuel (Luke & 
McArthur, 1978). Assuming a constant heat yield, the intensity of a fire is directly proportional to the 
amount of fuel available for combustion at any given rate of spread of the fire front (Brown & Davis, 
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1973). The highly significant positive effect fuel load has on fire intensity was investigated in the 
Eastern Cape Province and Kruger National Park in South Africa and is illustrated in Fig. 2. 
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Figure 2. Effect of fuel load on fire intensity recorded in South Africa (Trollope & Tainton, 1986; Trollope & 
Potgieter, 1985). 

The most practical and efficient method for estimating grass fuel loads is with the disc pasture 
meter developed by Bransby & Tainton (1977). This technique involves relating the settling height 
of an aluminum disc dropped onto the grass sward to the standing crop of grass holding up the disc, 
expressed in kilograms per hectare. There is a simple relationship between the settling height and 
the standing crop of grass based  and the disc pasture meter has been successfully calibrated for 
much of the grasslands and savannas in southern and east Africa and research and field experience 
indicates that the calibration developed in the Kruger National Park (Trollope & Potgieter, 1986) in 
South Africa can be used as a general calibration for estimating grass fuel loads for management 
purposes in these regions of Africa (Trollope et. al. 2000). The calibration equation is:

y = -3019 + 2260 √x  (2) 

where y = mean fuel load - kg/ha, x = mean disc height of 100 readings - cm.

3.2 Air temperature 

Air temperature plays an important role in fire behaviour (Wright & Bailey, 1982). Its direct effect 
is to influence the temperature of the fuel and therefore the quantity of heat energy required to raise 
it to its ignition point (Brown & Davis, 1973). Air temperature also has indirect effects via its in-
fluence on the relative humidity of the atmosphere and moisture losses by evaporation (Luke & 
McArthur, 1978). Research in South Africa indicated that air temperature had a highly significant 
positive effect on the  intensity  of fires in African grasslands and savannas (Trollope & Tainton, 
1986; Trollope & Potgieter, 1985). 

3.3 Relative humidity 

The relative humidity of the atmosphere influences the moisture content of the fuel when it is fully 
cured (Luke & McArthur, 1978). It is positively correlated with fuel moisture (Wright & Bailey, 
1982) and therefore plays an important role in controlling the flammability of fine fuels (Brown & 
Davis, 1973). Research in the Eastern Cape Province and the Kruger National Park in South Africa 
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showed that relative humidity had a highly significant negative effect on the intensity of fires burn-
ing in African grasslands and savannas (Trollope & Tainton, 1986; Trollope & Potgieter, 1985). 

3.4 Wind 

The combustion rate of a fire is positively influenced by the rate of oxygen supply to the fire (Brown 
& Davis, 1973; Cheney, 1981) hence the effect of wind speed on fire behaviour. Wind also causes the 
angle of the flames to become more acute. With increased wind velocities the flames are forced into 
the unburnt material ahead of the fire front resulting in more efficient preheating of the fuel and 
greater rates of spread in surface head fires (Luke & McArthur, 1978; Cheney, 1981). Beaufait 
(1965) found that wind speeds ranging from zero to 3,6 metres per second increased the rate of 
spread of surface head fires exponentially but had no effect on the rate of spread of back fires.  

Brown & Davis (1973) and Luke & McArthur (1978) stated that increased wind speeds cause 
greater rates of spread and therefore more intense fires. However, flame height does not necessarily 
increase with increased wind speeds because these cause the flames to assume a more acute angle 
and this may prevent the ignition of aerial fuels. This partly explains why crown fires do not always 
occur during high winds. Luke & McArthur (1978) stated, however, that once the wind velocity 
exceeds 50 km/hour (13,9m/s) the rate of spread of fires in grassland tends to decrease.  

Research in the Eastern Cape Province and Kruger National Park in South Africa shows that 
under atmospheric conditions suitable for controlled burning (<20 km/h) wind plays a significant 
but non-dominant role in affecting fire intensity. 

3.5 Slope

Slope significantly influences the forward rate of spread of surface fires by modifying the degree of 
preheating of the unburnt fuel immediately in front of the flames. In a head fire, this is achieved, as 
with wind, by changing the flames to a very acute angle and with slopes exceeding 15 - 200 the 
flame propagation process involves almost continuous flame contact. Conversely a down slope de-
creases the rate of spread of surface head fires (Luke & McArthur, 1978) and at low wind speeds 
has the effect of converting a head fire into a back fire.  

While field experience indicates that slope has  a highly significant positive effect on the rate of 
spread  of surface head fires and crown fires this effect has not been quantitatively determined in 
African grasslands and savannas. 

4 FIRE BEHAVIOUR MODELS 

As indicated in the previous section it is clear that fuel, atmospheric and topographical factors have 
a significant effect on fire behaviour. These effects have been quantified in the form of fire behav-
iour models that can be used for predicting the effects of fires and formulating guidelines for con-
trolled burning.  

4.1 Fire intensity model 

Fire intensity refers to the release of heat energy per unit time per unit length of fire front (kJ/s/m) 
(Byram, 1956) and based on research conducted in the Eastern Cape Province and Kruger National 
Park in South Africa (Trollope, 1983; Trollope & Potgieter, 1985) a fire intensity model was de-
veloped using a multiple regression analysis for surface head fires burning in grassland and sa-
vanna areas.  The model was based on the effects of fuel load, fuel moisture, relative humidity and 
wind speed on fire intensity.  Air temperature was considered but not included in the model be-
cause it is significantly correlated with relative humidity.  Slope was also excluded because the ex-
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perimental fires were all applied to relatively flat terrain.  The fire intensity model was developed 
under the following range of values for the dependent and independent variables (see Table 1). 

Table 1. The range of values of the dependent and independent variables used in the development of the fire 
intensity model in South Africa (Trollope, 1983; Trollope & Potgieter, 1985). 

Variable Mean Minimum Maximum 

Fuel load (kg/ha) 3847 1152 10500 
Fuel moisture (%) 32.1 7.5 68.8 
Air temperature (C0) 23.8 14.3 35.8 
Relative humidity (%) 36.6 4.2 82 
Wind speed (m/s) 2.6 0.3 6.7 
Fire intensity (kJ/s/m) 2566 136 12912 

The resultant multiple regression equation for predicting fire intensity is: 

FI = 2729 + 0.8684 x1 - 530 √x2 - 0.907 x2
3 - 596 1/x4 (3)

where FI = fire intensity - kJ/s/m, x1 = fuel load - kg/ha, x2 = fuel moisture - %, x3 = relative 
humidity - %,         x4 = wind speed - m/s. 

The statistics for the regression are: number of cases = 200, multiple correlation coefficient (R) 
= 0.7746 (P < 0.01), coefficient of determination (R2) = 0.6000. 

The model was tested with independent fire behaviour data and was found to be highly significant  
(r = 0.7486; r2 = 0.5604; DF = 33; P < 0.01) and accounted for 56,0% of the variation in fire in-

tensity.  By normal statistical standards this coefficient of determination is rather low. However, 
experience gained conducting fire research would indicate that it is virtually impossible to obtain 
higher levels of precision when modeling such a complex phenomenon as fire behaviour.  The fact 
that the results from the statistical analyses were significant, conceptually meaningful and logical, 
suggests that these results can be used as a guide for predicting the behaviour of fires.  Therefore if 
the results are used in this context it is firmly believed that they can serve as a useful guide for fire 
management purposes.  It should never be forgotten though, that fire is a highly complex phe-
nomenon that is very difficult to model precisely. 

The aforementioned fire intensity model developed in South Africa was tested in the central high-
lands of Kenya in the area classified as "Scattered Tree Grassland: Acacia-Themeda" by Edwards & 
Bogdan (1951). This plant community is the most extensive vegetation type at intermediate eleva-
tions in Kenya and is characterised by flat-topped Acacia trees widely scattered in a uniform grass-
land typical of East African savannas. Measured and predicted fire intensities were obtained from 
five controlled burns applied under widely differing atmospheric in the aforementioned savanna 
plant community. The results showed that the fire intensity model was able to predict the difference 
between high and low intensity fires and it was concluded that it provided a satisfactory basis for 
formulating guidelines for controlled burning based on fire intensity.  

Fire intensity has also been modeled by van Wilgen & Wills (1988) in the savanna areas of 
northern KwaZulu/ Natal in South Africa using the fire spread model developed by Rothermel 
(1972) in the United States of America.  The system uses fuel models that describe the fuel proper-
ties of the dominant vegetation as inputs.  Fuel data were collected in Acacia savanna dominated by 
Themeda triandra and Cymbopogon excavatus and the mean fuel load was 3 800 kg/ha of which 
82% was dead grass. Fire intensities ranged from 194 - 5 993 kJ/s/m in ten experimental burns and 
the relationship between the observed and the predicted was r = 0.9074 (DF = 8; P < 0.01).  The 
use of this system in practice is facilitated by sets of computer programs collectively known as the 
BEHAVE system. This system for predicting fire intensity is useful but lacks adequate fuel models 
for the different grassland and savanna areas of Africa. 
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5 BEHAVIOUR OF DIFFERENT TYPES OF FIRES 

One of the components of the fire regime is the type of fire. Its inclusion as part of the fire regime 
is justified on the basis that different types of fires behave differently and have contrasting effects 
on the vegetation.  In the grassland and savanna areas surface fires burning as head and back fires 
are the most common types of fire.  The behaviour of surface fires burning with and against the 
wind were investigated by Trollope (1978) in the savanna areas of the Eastern Cape Province in 
South Africa in order to obtain greater clarity on the mechanisms involved in the different effects 
of these types of fires on the vegetation.  The parameters that were used for comparing the behav-
iour of head and back fires were fire intensity and fire temperature. 

5.1 Fire intensity 

The mean, minimum and maximum intensities of surface fires burning with and against the wind are 

presented in Table 2. 

Table 2. The intensity of head and back fires recorded in controlled burns in savanna vegetation in the East-
ern Cape Province of South Africa. Data expressed in kilojoules per second per metre (kJ/s/m). 

Type Of Fire n Mean Minimum Maximum 

Head fire 10 1359 + 327 338 3557 
Back fire 9  194 + 18 87 268 

The results in Table 2 bear a close relationship to those for rate of spread of head and back fires 
because this parameter is an important component in the calculation of fire intensity. 

The head fires were on average approximately seven times more intense than the back fires.  
The intensity of the head fires was far more variable than that of the back fires.  They ranged from 
very cool fires to extremely hot fires, whereas the back fires were all very cool.  Therefore as in the 
case of rate of spread, the intensity of head fires was far more significantly influenced by the envi-
ronmental conditions prevailing at the time of the burn than the back fires. 

5.2 Fire temperatures 

Temperatures were measured during the head and back fires at ground level, the grass canopy and 
one metre above the grass canopy.  At ground level the majority of back fires were hotter than the 
head fires.  At the grass canopy the maximum temperatures of both head and back fires were gen-
erally higher than those at ground level. However, the majority of back fires were hotter at this 
level. At one metre above the grass canopy head fires were considerably hotter than back fires.  
Thus the overall behaviour of these types of fires is that back fires are generally hotter at ground 
level whereas head fires are generally hotter above the canopy of the grass sward (Trollope, 1987). 

6 FIRE EFFECTS RELATED TO FIRE BEHAVIOUR 

In accordance with the recognition that type and intensity of fires are important components of the 
fire regime the overall general effects of these two parameters on the grass sward and tree and 
shrub vegetation will be presented for African grasslands and savannas.
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6.1 Type of fire  

The most common types of fire in grassland and savanna areas are surface fires (Trollope, 1983) 

burning either as head or back fires. Crown fires do occur in savanna but only under extreme fire 

conditions. The significance of the effect of type of fire on plants is that it determines the vertical level 

at which heat energy is released in relation to the location of bud tissues from which meristematic sites 

the plants recover after burning. 
Trollope (1978) investigated the effects of surface fires, occurring as either head or back fires, 

on the grass sward in the arid savannas of the Eastern Cape of South Africa.  The results showed 
that back fires significantly (P < 0,01) depressed the regrowth of grass in comparison to head fires 
because a critical threshold temperature of approximately 95o C was maintained for 20 seconds 
longer during back fires than during head fires. It was also found that more heat was released at 
ground level during the back fires compared to the head fires, therefore the shoot apices of the 
grass plants were more adversely affected during the back fires than during the head fires. 

Trees and shrubs are very sensitive to various types of fires because of differences in the vertical 
distribution of the release of heat energy.  Field observations in the Kruger National Park and in the 
Eastern Cape indicate that crown and surface head fires burning with the wind cause the greatest 
topkill of stems and branches as compared to back fires burning against the wind.  Unfortunately 
there are only limited quantitative data to support these observations. Research results were ob-
tained from a burning trial at the University of Fort Hare in the False Thornveld of the Eastern 
Cape (arid savanna) in South Africa, where a field scale burn was applied to an area of 62 hectares 
to control bush encroachment. The effect of surface head and back fires on the topkill of stems and 
branches of bush is presented in Table 3. The data were collected in two metre wide belt transects 
laid out in the areas burnt as head and back fires.  

Table 3. The effect of surface head and back fires on the topkill of bush in the False Thornveld of the Eastern 
Cape in South Africa expressed as the reduction in the number of tree equivalents - TE (TE = tree or shrub 
one and a half metres high).  

Type of 
Fire

Transect Bush Phytomass 
TE/ha

Bush Phytomass 
TE/ha

Reduction 
%

 Length (m) Width (m) Before After  

Head Fire 940 2 3525 888 75 

Back Fire 560 2 3407 1991 42 

The majority of the trial area was burnt as a head fire and the results in Table 3 indicate that the 
phytomass of bush was reduced by 75% in the area burnt as a head fire in comparison to 42% in the 
area burnt as a back fire. The explanation for this is that the flame height of head fires can be up to 
three times greater than for back fires resulting in higher temperatures being generated above 
ground level (Trollope, 1978). Therefore the above ground growing points of these plants, which 
are located in the canopies of the trees and shrubs, are subjected to greater heat loads and resultant 
damage during head fires than during back fires. This clearly illustrates the effects different types 
of fire have on tree and shrub vegetation. 

Similar results were obtained in the Scattered Tree Grassland: Acacia-Themeda (Edwards & 
Bogdan, 1951) savanna in Kenya by Trollope & Trollope (1999) on the effects of head and back 
fires on the topkill of trees and shrubs (see Fig. 3).  
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Figure 3. Effect of head and back fires on the topkill of trees and shrubs of all species on the Lewa Wildlife 
Conservancy and Hopcraft Ranch in the central highlands of Kenya.  

The results in Fig. 3 indicate that head and back fires have different effects on the topkill of bush 
with head fires generally causing a greater topkill than back fires. Initially both types of fires cause a 
high topkill of stems and branches when the bush is short but as the trees and shrubs increase in 
height back fires cause a lower topkill compared to head fires. This trend becomes more pronounced 
with trees greater than two metres in height. The reason for this is that head fires generate greater 
flame heights than back fires thus resulting in the fire susceptible growing points of taller trees and 
shrubs being above the flaming zone of combustion during back fires as compared to head fires. 

6.2 Fire intensity 

There have been very limited attempts in African savannas and grasslands at quantitatively measur-
ing the intensity of fires and relating fire intensity to the response of herbaceous and woody plants 
in terms of mortality and changes in physical structure. Such research appears to be limited to stud-
ies conducted in the savanna areas of South Africa and Kenya. 

The effect of fire intensity on the recovery of the grass sward after burning was investigated in 
the arid savannas of the Eastern Cape. After a series of fires ranging in intensity from 925 to 3 326 
kJ/s/m (cool to extremely intense) there were no significant differences in the recovery of the grass 
sward at the end of the first or second growing seasons after the burns (Trollope & Tainton, 1986) 
leading to the conclusion that fire intensity has no significant effect on the recovery of the grass 
sward after a burn. This is a logical result as otherwise intense fires would not favour the develop-
ment and maintenance of grassland.  

The effect of fire intensity on trees and shrubs has been studied in the arid savannas of the East-
ern Cape (Trollope & Tainton, 1986) and the Kruger National Park (Trollope, Potgieter & Zamba-
tis, 1990) in South Africa.  This comprised firstly determining the mortality of plants and secondly 
the total topkill of stems and branches of bush of different heights.  The results indicated that trees 
and shrubs are very resistant to fire alone and in the Eastern Cape the mortality of bush after a high 
intensity fire of 3 875 kJ/s/m was only 9,3 per cent.  In the Kruger National Park the average mor-
tality of 14 of the most common bush species subjected to 43 fires ranging in fire intensity from 
110 to 6 704 kJ/s/m was only 1,3 per cent.  In both areas the majority of the trees that suffered a 
topkill of stems and branches coppiced from the collar region of the stem.  Therefore it can be con-
cluded that, generally, the main effect of fire on trees and shrubs in African savannas is to cause a 
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topkill of stems and branches forcing the plants to coppice from the collar region of the stem. The 
detailed results of this study are illustrated in Fig. 4.  
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Figure 4. Effect of fire intensity on the topkill of tree and shrubs two metres high in the Eastern Cape Prov-
ince and Kruger National Park in South Africa. 

The results in Fig. 4 show that there was a significantly greater topkill of bush with increasing 
fire intensities.  However, the research also showed that the bush became more resistant to fire as 
the height of the trees and shrubs increased and this is illustrated in Fig. 5.  
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Figure 5. Effect of height on the topkill of bush subjected to a fire intensity of 3000 kJ/s/m in the Kruger Na-
tional Park in South Africa. 
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Similar responses were obtained in the arid savannas of the Eastern Cape Province in South Af-
rica (Trollope & Tainton, 1986) and in the Scattered Tree Grassland: Acacia-Themeda savanna in 
the central highlands of Kenya (Trollope, & Trollope, 1999). 

7 COMPARISON OF FIRE BEHAVIOUR IN SOUTHERN AFRICAN SAVANNAS AND 
NORTH AMERICAN TALL GRASS PRAIRIES  

At the current stage of the research program comparing the behaviour of fires in southern African 
savannas with fires in tall grass prairies on the Konza Prairie Biological Station in Kansas, USA it 
is only possible to present results relating to the behaviour of  the fires recorded in these two re-
gions of the world. Information on the effects of fire on the vegetation is still being investigated 
and will be presented at a later stage in the research program. The fire behaviour parameters that 
will be compared  are the rate of spread, fire intensity and flame height  recorded for surface head 
and back fires. No data are available for crown fires burning in southern African savannas and all 
the fires monitored during the 2002 burning season in Kansas, USA were surface fires burning in 
tall grass prairies. The comparison of the behaviour of the fires will be conducted using data for 
southern African savannas recorded during the application of controlled burns in the savannas of 
the Kruger National Park (Trollope & Potgieter, 1985) and the Eastern Cape Province (Trollope, 
1983) in South Africa. The fire behaviour data for tall grass prairies were recorded during the ap-
plication of  controlled experimental burns on the Konza Prairie Biological Station in Kansas, USA 
during the period 26th March to 9th April, 2002. In both cases the fire behaviour data for southern 
Africa and Kansas, USA were recorded using the procedures developed and described by Trollope 
(1978), Trollope (1983) and Trollope & Potgieter (1985) in South Africa. During the monitoring of the 
behaviour of the fires in the tall grass prairies in Kansas it was not always possible to follow exactly 
the procedures used in southern Africa and had to be adapted according to circumstances. Nevertheless 
it is firmly believed that for all practical purposes the two data sets  collected are comparable and can 
be used for comparing the behaviour of fires in these two regions of the world.  

The procedure that will be used for conducting the comparison will be to compare the rates of 
spread, fire intensities and flame heights for different types of fires recorded in southern African 
savannas and tall grass prairies in Kansas, USA viz. surface head and back fires. The hypothesis 
that is being tested in the research program is that the behaviour of surface head and back fires 
burning in African savannas and tall grass prairies in Kansas, USA will be similar because in both 
cases grasses form the dominant type of fuel and the process of combustion reacts similarly when 
occurring under similar environmental conditions. 

7.1 Types of fire 

Type of fire is an important component of the fire regime that has been found to have significantly 
different effects on the vegetation in grassland and savanna ecosystems in southern African. It is 
therefore of  considerable ecological  interest to determine whether the behaviour of surface and 
head and back fires are similar or not in southern African savannas  and tall grass prairies in Kan-
sas, USA. The behaviour of these two types of fire in the aforementioned regions of the world are 
presented in Table 4. 
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Table 4. Comparison of the behaviour of  surface head and back fires in southern African savannas and tall 
grass prairies on the Konza Prairie Biological Station in Kansas , USA.   

REGION RATE OF SPREAD – m/s 

HEAD FIRE BACK FIRE 

N MEAN STDEV MIN MAX N MEAN STDEV MIN MAX 

South African Savannas  

200 0.38 0.22 0.04 1.22 9 0.02 0.002 0.01 0.03 

Konza Tall Grass Prairie, 

Kansas, USA 44 0.54 0.3 0.13 1.32 23 0.01 0.004 0.003 0.02 

FIRE INTENSITY – kJ/s/m 

HEAD FIRE BACK FIRE 

N MEAN STDEV MIN MAX N MEAN STDEV MIN MAX 

South African Savannas  

200 2566 1846 136 12912 9 194 18 87 268

Konza Tall Grass Prairie, 

Kansas, USA 44 2637 2492 390 11788 23 60 40 10 201

FLAME HEIGHT – m 

HEAD FIRE BACK FIRE 

N MEAN STDEV MIN MAX N MEAN STDEV MIN MAX 

South African Savannas  

78 2.9 1.5 0.8 8.0 9 0.9 0.1 0.5 1.5 

Konza Tall Grass Prairie, 

Kansas, USA 45 3.7 4.3 0.3 18.0 23 0.3 0.2 0.1 0.8 

Considering the rate of spread, fire intensity and flame height of  surface head and back fires 
both sets of data clearly indicate that these fire behaviour parameters are significantly greater for 
head fires than back fires in both southern African savannas and tall grass prairies in Kansas, USA. 
The standard deviations for the different fire behaviour parameters also show that in both regions 
the behaviour of the head fires is significantly more variable than the back fires. The mean values 
for rate of spread, fire intensity and flame height are slightly higher for fires in the tall grass prai-
ries than for fires in southern African savannas but field experience would indicate that these dif-
ferences are not biologically significant  in terms of the effects of fires on grass and  tree and shrub 
vegetation. Therefore it is concluded  that for surface head and back fires the hypothesis has not 
been disproved that there is no difference in the behaviour of these fires in southern African savan-
nas and tall grass prairies in Kansas, USA.  

8 DISCUSSION & CONCLUSIONS 

Notwithstanding the difficulties of studying fire behaviour, the differential effects of type and in-
tensity of fire emphasizes the ecological and practical importance of this aspect of fire ecology in 
African grasslands and savannas. For example in the ecological field it has resulted in Higgins, 
Bond & Trollope (2000) challenging the views of Walter (1971) and Walker & Noy-Meir (1982) 
concerning the co-existence of trees and grasses in savannas viz. that grasses have shallow root sys-
tems dependent on moisture from the upper layers of the soil profile in contrast to trees that have 
deeper root systems deriving their moisture requirements from the lower soil layers thereby avoid-
ing competition for moisture and promoting their coexistence. In contrast Higgins et al. (2000) 
suggest that the coexistence of trees and grasses in savannas is as a result of the “fire trap” where 
the woody vegetation is prevented from developing to its full potential through its susceptibility to 
high intensity fires thereby preventing the trees from completely dominating the grasses and allow-
ing the coexistence of trees and grasses in savanna communities.   
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In fire management the recognition of type and intensity of fire as being fundamental compo-
nents of the fire regime in African grasslands and savannas together with their different effects on 
grass and tree vegetation has resulted in a significant improvement in the use of fire as a manage-
ment practice. Based on these differential effects specific fire regimes pertaining to type and inten-
sity of fires have been developed for systems of land use involving grassland and savanna vegeta-
tion. For example in areas used for livestock production it is recommended that fires burning with 
the wind, either as surface head fires in grassland or a combination of surface head fires and canopy 
fires in tree and shrub vegetation, be used in prescribed burning because they cause least damage to 
the grass sward but can cause maximum damage to woody vegetation if required (Trollope, 1999). 
With regard to fire intensity when burning to remove moribund and/or unacceptable grass material 
a cool fire of <1000 kJ/s/m is recommended because it is safer to apply and will not have any dif-
ferent effect on the grass sward to a high intensity fire. This can be achieved by burning when the 
air temperature is <20°C and the relative humidity >50 %. In contrast when burning to control un-
desirable plants like encroaching trees and shrubs, an intense fire of >2000 kJ/s/m is necessary. 
This can be achieved when the grass fuel load is >4000 kg/ha, the air temperature is >25°C and the 
relative humidity < 30 %. This will cause a significant topkill of stems and branches of tree and 
shrub species up to a height of 3 m.  In all cases the wind speed should not exceed  

20 km/h (Trollope, 1999).  
In contrast the following fire regime is recommended for controlled burning of large wildlife 

conservation areas like the Kruger National Park in South Africa based on the effects of type and 
intensity of fire on grass and woody vegetation in savanna areas. Point ignitions are recommended 
to develop a mosaic of different types of fires in response to changes in the direction of the wind, 
air temperature and relative humidity during the burning period. This fire mosaic will ensure a 
range of fire effects that are intended to maximize habitat diversity both in the grassland and woody 
components of the vegetation. With respect to fire intensity the same recommendations are used as 
are applied in areas used for livestock production.  

Finally the preliminary comparison between the behaviour of surface head and back fires in 
southern African savannas and tall grass prairies in Kansas, USA shows that there is a remarkable 
similarity in the behaviour of  these types of fires in these two regions of the world. Further analy-
ses  of the data collected in the tall grass prairies in Kansas are currently being conducted to inves-
tigate the effect of fuel load, fuel moisture, air temperature, wind and slope on the rate of spread, 
fire intensity and flame height of surface head fires. Attention is being focused on surface head 
fires because they are the most widely used and recommended type of fire in range management. It 
must be stressed though that these comparisons can only be viewed as preliminary results as more 
field data recorded in different locations in north American prairies will be necessary to be able to 
draw general conclusions for tall grass prairies as a whole in North America. Nevertheless this ini-
tial comparison does provide an encouraging starting point and suggests that it will be it will be 
fruitful and worthwhile to pursue this comparison in the future.  
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