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What makes fire interesting?



What does this mean for management of 
savanna parks?…



What does this mean for management of 
national parks?…

Managers burn to:

-Control vegetation structure

- Affect forage availability

- Promote biodiversity

- Avoid deaths and destruction of infrastructure

But fire management is constrained by the 
environmental characteristics of the system



Inter-annual variability

Mean rainfall in preceding 2 years (mm)

Van Wilgen et al (2004) Cons. Biol.
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How generalisable are these results?
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Other potential drivers of variability in burnt area:

Archibald et al (GBC) 2009



Questions

• Is the relationship between accumulated rainfall 
and burnt area consistent across parks in 
southern Africa? 

• Can other factors which affect fire help to explain 
inter-annual variability in burnt area?

• Are similar relationships found outside national 
parks – at regional scales?

• Can we estimate which parts of Africa have more 
variable fire regimes? – start to predict future fire 
regimes?



Inter-annual variability



Inter-annual variability

Variability in burnt area is most strongly correlated 
with accumulated rainfall (index of fuel loads)



Inter-annual variability



Mixed effects analysis: by park
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Mixed effects analysis: by park
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0.23: correlation between 
years

Mixed effects analysis: by park
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Mixed effects analysis: by park
Rainfall range: 380 – 950 mm

Size range:      270 – 34  000 km2

Grazing:           6 – 94 kg/km2

Road density:  2 – 12 km/100km2
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R2 = 0.76

Mixed effects analysis: by park

The amount of variance explained by the fire-rainfall relationship decreases 
for parks with high rainfalls  - other climatic factors?
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Summary: rainfall-fire relationships
• All parks in southern Africa show the same 

relationship with rainfall:
− Managers can use simple models to plan annual burn 

targets

• The amount of variation explained by 
rainfall varies, however:
− Dry parks have stronger relationships with rainfall.

− Other factors, like length of the dry season, are also important



Summary: rainfall-fire relationships
• All parks in southern Africa show the same 

relationship with rainfall:
− Managers can use simple models to plan annual burn 

targets

• The amount of variation explained by 
rainfall varies, however:
− Dry parks have stronger relationships with rainfall.

− Other factors, like length of the dry season, are also important

• Are the same relationships found outside 
national parks – at regional scales?
− Can we estimate which parts of Africa have more variable fire 

regimes?
?



Regional patterns

Fire return period in Southern Africa



Regional patterns

Fire return period in Southern Africa

Inter-annual variability in fire:  
• Important for global carbon accounting

• Certain ecological processes depend on high or 
low fire years – tree recruitment, grazing lawn 
formation

• Assess the potential for changing fire regimes 
as climates change
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Regional patterns
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Fire return period 
inside and outside the 
Kruger National Park

Regional patterns



Regional patterns
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Regional patterns

Coefficient of variation (CV) in burnt area inside 
protected areas

Coefficient of variation (CV) in burnt area outside  
protected areas



Regional patterns

Observed variability (sd) in   
% burnt

If not climate, then what 
controls inter-annual 
variability?
Hypotheses: interaction of climate and 
humans

1: Can only get large fires where there 
are few people.

2: Can only get variability in burnt area
where there are large fires



Regional patterns

Variance in burnt area (CV) % total area burnt by 5 largest fires



Regional patterns

Variance in burnt area (CV) Human population densities



Where does that leave us?

• In protected areas:
• Rainfall and length of the dry season can be used to 

predict burnt area across a range of parks in southern 
Africa

• At a regional scale:
• These climatic determinants can not reproduce patterns 

of fire variability 

• To test: 
• Inter-annual variability is higher in areas with the 

potential for large fires

• Humans – by affecting fire size, are restricting variability 
in burnt area

• When linking fire and climate in global models one must also 
explicitly consider human impacts



Thank you 

Photo: Mendelsohn (2002)



Inter-annual variability

Linear mixed effects models:

Differs for 
each park:

Equivalent 
to mean 
burnt area

0.68 0.21

correlation between 
years – unexplained but 
accounted for

Error term

0.23



Effect of people

What does this imply?
Altering fire regimes by altering ignitions is going to be ineffectual?

Human densities Fire size
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The perception that rainfall is the most important variable 
is confirmed but seasonality can add information

Inter-annual variability

Linear mixed effects models:

0


