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Land degradation has
received wide 
international attention 
Under  the UN Convention
on desertification

Attention on fire  is only emerging
For a long time fire was a concern only to fire 
ecologist
Evidence suggest that fire has 
a wider dimension:
It is an important land use tool, a global 
hazard, a factor in climate processes with 
feed back on land degradation



•The interplay between fire weather-risk 
and land degradation is complex

•It Involves several non linear 
interactions that influence 
trends in both fire 
patterns and land 
degradation processes

The link between fire weather and land 
degradation has, so far  received limited 
attention



Fire is a recurrent natural phenomenon  in 
all vegetation zones

Under natural conditions fire maintains the 
dynamic equilibrium responsible for high 
biodiversity

MODIS Global Fire Map product: 28/09/06 –
07/10/06

But certain weather conditions result in frequent & 
intense fires that damage  ecosystems – contributing 
to process of land degradation 



Fire distribution is strongly linked to weather conditions 
regardless of management practices
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APRIL Seasonal progression of 
fires across Angola, 
Zambia, Zimbabwe, 
Malawi and 
Mozambique, April-
November 1993, as 
derived from analysis of
fire ‘hot spots’ from 
NOAA AVHRR imagery 
(Arino and Melinotte, 
1997).

Areas and times of 
extensive burning are 
clearly identifiable

Seasonal progression of 
fires across Angola, 
Zambia, Zimbabwe, 
Malawi and 
Mozambique, April-
November 1993, as 
derived from analysis of
fire ‘hot spots’ from 
NOAA AVHRR imagery 
(Arino and Melinotte, 
1997).

Areas and times of 
extensive burning are 
clearly identifiable

Nation/region wide
fire monitoring

Slide by Peter Frost



Factors in Fire Weather are closely linked to climate & are 
interlinked with ecosystem and land use

Live fuel moisture 
content (Live FMC)

Meteorological 

Fire danger

Dead fuel moisture 
content (Dead FMC)

Adjusted from:: E. Chuvieco U. Alcala – Spain (Slide provided by Chris Justice UMD )

Relative humidity,
Air temperature,
wind speed & 

direction

•Land use & population density 
- Sources of ignition -Impact on 
fuel load

-Landscape & 
Fuel types: 
-biomass loads, 
density, 
flammability 
–Fuel moisture 
content)

All these will be influenced by climate change
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Fire intensity is influenced by Meteorological factors – these are 
subject to change under climate change 

Trollope, 3rd SAFNet workshop, Kruger National Park, 2003 



** Not all fire incidents are recorded – both under 
and over estimation can occur

** Burnt area may relate better with rainfall than
frequency in a year
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There are different types of fires 
influenced by landscape and weather



Fire Danger Rating Categories:

Blue – Insignificant
Green – Low

Yellow – Moderate

Orange – High

Red – High-Extreme 

Fire behaviours
influenced by:

- fuel
- with/against wind
- time of day
- Temp
- slope, topography



MODIS 
Oct.  2001
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Distinct dry and wet seasons & rhythms of drought 
followed by wet years provide conducive fire weather in 
most dry land areas - also  susceptible to land 
degradation

Annual rainfall – Francistown, Botswana

Drought linked to  El-Nino Southern Oscillation 
in 1982-83 resulted in over 5m ha burnt in 
Indonesia and Malaysia (Goldermmer, 1998).

Similar more severe events were witnessed in  
1997 to 2003



How will global warming interact with the 
interplay between fire weather & land 
degradation?
From station records: the world is 0.60 C warmer 
than 150 years ago and the warming process is increasing.



MA: Southern Africa; Scholes & Biggs, 2004

- From climate scenarios: An  increase in rainfall in 
the northern & eastern parts of southern Africa
- A decrease in the southern & western parts



•At a global level: By 2090s the 
land area in drought will 
increase from 1% in the 
present day  to 30 %, 40 % 
and 50 % for extreme, severe 
and moderate drought 
respectively (Burke et,al. in press) 
• This will increase further fire 
weather-risk
• E.g. Climate change has 
increased  fire-frequency in 
Canada (Gillett et al., 2004

A zone of 
Greater
warming

MA: Southern Africa; Scholes & Biggs, 2004

- From climate scenarios: An  increase in rainfall in 
the northern & eastern parts of southern Africa
- A decrease in the southern & western parts



Late fires – middle to late dry season - are the 
most destructive:

• Resulting in change in species composition &  
vegetation structure 
– E.g. reduction in tree cover leading to open shrub-

woodland – hence a more fire prone system
• Lead to loss of the seed bank of perennial grasses 

giving way to fast growing invader species - most of 
these are highly flammable

• Most fast growing ephemerals on degraded 
areas also highly flammable & hence 

• increase fire risk
• Ultimate effect of both fire and land 

degradation is reduction plant diversity



Impacts of fires on soils are very complex –
vary with soil properties, slope, fire severity and fuel 
load

• Physical properties of soil
– Exposure to erosion agents – sunlight, wind & water 
– Reduced infiltration leads to low water table, low soil 

moisture which negatively affect vegetation and fresh 
water supply 

• Decline in evapo-transpiration  - Low latent heat flux –
which influence meteorological processes – may 
perpetuate drought



Fire effects on chemical properties of soil
• Rapid mineralization of organic matter (ash)
• Change in local micro climate - change in 

chemical process such as decomposition rate 
and mineralization

•Soil acidity through pH 
change:
• Regularly burn areas 
have more basic (pH 
~6.6) soil than unburned 
(pH~6.3) Southern Africa Fire Network –

Kruger National Park, 2003



Climate change - very wet warm conditions & 
drought are likely to provide conducive fire weather 
leading to more large, high-intensity wildfires 
:• Increased fires in drought period further setting conditions 

for alien invaders to out compete indigenous spps.
• Increase in invasive Species due to land degradation 

induced by severe droughts 
• More wet conditions under high CO2 (increased plant 

water use) in normally dry areas - providing conducive 
conditions for invasive species to spread 

• Fire weather-risk period will increase E.g. 
– hot, windy and low humidity & heat waves
– increased thunderstorm activity resulting in more 

lightning strikes and fires 



Large quantities of CO2 are released to the 
atmosphere within a short time from fires with 

feedback on the climate change
• ~ 2 to 5 billion tonnes of carbon from vegetation 

is released annually by fires & burning of biofuels
– Much of the CO2 is recaptured on decadal timescales 

through vegetation re-grow.
• But products of incomplete combustion E.g. 

nitrogen oxide, carbon monoxide, methane & 
reactive hydrocarbons - important in atmospheric 
chemistry and climate are also emitted



Concluding Remarks
• Majority of fires are lit by humans but the influence 

of humans on fire patterns is closely related to fire 
weather 

• Complex interaction between fire and land 
degradation increase fire weather-risk  resulting in 
a cycle of increased susceptibility to land 
degradation and fire

• Global climate models predict more frequent and 
more intense El Niño events in a warmer world 
causing drought, fire: 
– Climate change will enhance the interplay between 

land degradation and fire resulting in a feedback 
loop in global warming



Recommendations

• Increased investigation on fire weather and  
land degradation, likely influence of climate 
change & consequences on ecosystems 
goods and services

• Establishing a global Fire monitoring Systems.  
• Already some initiatives are ongoing: 



NASA MODIS Fire Rapid Response Data System

http://rapidfire.sci.gsfc.nasa.gov

Global fire 
detections and 
RGB imagery 
via the Internet 
using Daily 
global coverage 
- 2~4 hour delay



Zimbabwe July 2004Zambia – August 2004

http://rapidfire.sci.gsfc.nasa.gov

MODIS Fire Rapid Response



Advanced Fire Information System: Service module of the 
Wide Area Monitoring Information System (WAMIS)

Proceedings of the SAFNet Workshop Malawi 2004



GOFC-GOLD

There is a proposal by the Global Observation of 
Forest Cover (GOFC)- Global Observation of 
Landcover Dynamics (GOLD) & others E.g.  The 
Global Fire Monitoring Center (GFMC)  to 
develop a Global Early 
Warning System for
Wildland Fire



GOFC-GOLD
STB and IT’s

GOFC-GOLD 
Regional 
Networks

National Needs and 
Users National Needs and 

Users National Needs and 
Users National Needs and 

Users Within the Region National Needs and 
Users Within the Region National Needs and 

Users Within the Region 

GOFC-GOLD 
Regional 
Networks

GOFC-GOLD 
Regional 
Networks

1. SEARRIN - South East Asia 
2. OSFAC - Central Africa 
3. Miombo - Southern Africa
4. SAFnet – Southern Africa
5. NEARIN – Northern Eurasia
6. East Asia (initiated early 2005)
7. Latin America (under development)

GOFC-GOLD already has a structure of 
Regional Networks to support a Global Fire 

Early Warning System



2003 country contacts

An open network of 
southern Africa fire  
scientists, managers and 
communicators  that has 
functioned SINCE 2000 
over 12 Southern Africa 
countries. 

Country 
Contact 
Points: 2003

(Slide: David Roy)



THANK YOU




