
Impact of fire on the carbon cycle of 
Australian savannas

Jason Jason BeringerBeringer, Lindsay Hutley, Amanda Lynch, Klaus , Lindsay Hutley, Amanda Lynch, Klaus 
GorgenGorgen, Nigel Tapper, Steve , Nigel Tapper, Steve SeimsSeims, et al., et al.



OverviewOverview

North Australian Savannas

Research questions

Howard Springs field site

Results

– Biophysical impact and surface energy and moisture 

fluxes 

– Burning and ecosystem productivity

Conclusions



Australian tropical Australian tropical 
savannassavannas

Savanna - trees (C3) and 
grass (C4)
Open-forest/woodland 
savanna 25% of Australia,             
~2 million km2

Mining, Tourism, 
Pastoralism, Culturally
Cyclones, grazing and 
FIRE are disturbances
Highly seasonal climate in 
the wet-dry tropics
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Research questionsResearch questions

What is the impact of fire 
on: 

• carbon fluxes 
(including emissions) 
and ecosystem 
productivity?

• surface properties 
and canopy ?

• the surface energy 
balance?

• feedbacks to local 
and regional climate?



Research site at Howard springsResearch site at Howard springs
-- OpenOpen--forest forest savannasavanna

Understorey LAIUnderstorey LAI
Wet to dry 0.2 Wet to dry 0.2 -- 1.41.4
Sorghum Sorghum dominateddominated

Overstorey LAIOverstorey LAI
Wet to dry 0.6 Wet to dry 0.6 -- 11
EucalyptusEucalyptus dominateddominated
BA 10BA 10--12 m12 m22 haha--11

Stems 700 haStems 700 ha--11

Rainfall ~1700 mmRainfall ~1700 mm
ET ~1000 mmET ~1000 mm

UngrazedUngrazed
Frequent fire Frequent fire 
(2 out of 3 years)(2 out of 3 years)



Savanna carbon fluxes and poolsSavanna carbon fluxes and pools

NEPNEP == GPPGPP -- RRee

BiomassBiomassbgbg 17 t ha17 t ha--11

BiomassBiomassagag 34 t ha34 t ha--11

SOC 140 t haSOC 140 t ha--11

GPP 
(Photosynthesis)

Re (Respiration)



GPPGPP

Savanna Carbon Balance 

NPPNPP

Plant resp

Short term
uptake

Soil and litter 
resp

NEPNEP

Medium- term
storage

NBPNBP

Disturbance

Long-term
storage

NEP = NEP = --2.8 tC.ha2.8 tC.ha--1 1 yy--11

((EamusEamus et al.)et al.)



Flux measurementsFlux measurements

• Use eddy Covariance technique 
to quantify net carbon, water and 
energy fluxes from the ecosystem 

• Measure turbulent fluctuations 
CO2, water vapour and heat 
(temperature) from burned and 
unburned savanna ecosystems.

• Nighttime corrected and gap 
filled data over 2 years

•Use long term flux 
measurements to determine 
carbon balance and Net Biome 
Productivity 



Biophysical ecosystem changes Biophysical ecosystem changes -- AlbedoAlbedo
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Biophysical ecosystem changes Biophysical ecosystem changes -- ETET

•Simultaneous 
measurements at 
burned and 
unburned sites

•Leaves are 
scorched and 
shutdown

•Transpiration 
reduced

•ET reduced by 
~75%



Biophysical ecosystem changes Biophysical ecosystem changes ––
Sensible heat fluxSensible heat flux

•Reduced ET 
results in 
increased 
partitioning into 
sensible heating

•Increased by 
~40%

•Impact on 
overlying 
atmosphere?



ClimatologicalClimatological Impacts Single Scenario, Impacts Single Scenario, 
Regional ImpactsRegional Impacts

(Görgen et al. 2006)

Longterm (1979 to 1999) means, averaged over fire-affected area
Scenario: intensity=80%, area=80%, timing=10 October, re-growth length=90 d

fire event

no re-growth re-growth

pre-burn state red = 
scenario

black = 
control



ContinentContinent--Wide ImpactsWide Impacts

(Görgen et al. accepted, JGR-D)

Scenario minus control, longterm
mean precipitation [mm d-1]

Scenario minus control, longterm
850 hPa wind fields

Pilbara heat low

Intensification of heat low
Significant precip. increase



Recovered

•Canopy flush after 4-5 weeks.  Recovery 6-7 weeks

15 mm

Pre-burn

Post-burn

Recovery



20
01

21
6

20
01

21
8

20
01

22
0

20
01

22
2

20
01

22
4

20
01

22
6

20
01

22
8

20
01

23
0

20
01

23
2

20
01

23
4

20
01

23
6

20
01

23
8

20
01

24
0

20
01

24
2

20
01

24
4

20
01

24
6

20
01

24
8

20
01

25
0

20
01

25
2

20
01

25
4

20
01

25
6

20
01

25
8

20
01

26
0

20
01

26
2

20
01

26
4

20
01

26
6

20
01

26
8

20
01

27
0

20
01

27
2

20
01

27
4

20
01

27
6

20
01

27
8

-2

-1

0

1

2

3

4

5
C

ar
bo

n 
F

lu
x 

(g
C

.m
-2

.d
ay

-1
)

Fire

1.0 mm 15 mm0.8 mm

••Carbon recovery not the same!Carbon recovery not the same!

16 Weeks ?

Canopy 
recovered

Canopy 
flush
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Components of Annual GPPComponents of Annual GPP
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• Why much higher NEP 
in 2002-3?

Mostly higher GPP 
(from where?)
NN analysis used to 
model tree GPP through 
the year with LAI 
adjustment.
Grass GPP calculated as 
residual of measured 
and modelled. 
Increased GPP mainly 
from Grass

•Measurements indicate NEP -0.7 and -2.6 tC.ha-1.yr-1 for each annual period.

-10.2-8.52002-2003

-8.5-8.62001-2002

GRASS (tC.ha-1.yr-1)TREES (tC.ha-1.yr-1)YEAR



Impact of climate change on productivityImpact of climate change on productivity

Hennessey, et al. (2004) Climate Change in the Northern Territory

•Build a NN model using 4 
years flux data
•Single sensitivities of 
carbon and water budgets to 
changes in Temperature and 
Precipitation (soil water 
content).
•Multiple sensitivities 
following 2070 projections



-39.2-14.7-23.0-7.2-20%+4.9
-17.6-2.3+1.1+19.4+20%+4.9
-17.6-5.5-9.5-10.5-20%-
+25.2+1.5+9.4+7.2+20%-
-11.2-2.3-5.2-5.1-10%-
+14.0+1.0+5.1+4.0+10%-
+18.4-6.4+1.8+17.2-+4.9
-0.5-0.1-0.3+3.0-+1.2

NEPReGPPETSoil 
Water

T 
(oC)

Ecosystem Response 
(% Change)

Climate 
Change 
Scenario

• Moisture is major 
driver

•Temperature 
response unexpected

•Response to multiple 
drivers not just 
additive.

•Simulations for 2070 
show large decreases 
on NEP and hence 
reduce carbon sink

Impact of climate change on productivityImpact of climate change on productivity



Net Biome ProductivityNet Biome Productivity

-2.3-1.64-0.18NEP-fire

~+1.5+0.96+0.52Fire 
losses

-2.8-3.8-2.6 *-0.7 *NEP

NBP

-20.8-18.0-16.8GPP

+17+15.6+16.1Re

Eamus et al.Inventory2002-20032001-2002

* Includes impacts of a fire event in that year excluding emissions

-1.54



ConclusionsConclusions

Step change in albedo, energy and carbon fluxes after fire
Burning on large scale may influence regional climate
Relatively rapid recovery of water but not carbon 
exchanges driven by canopy flush
Savanna remained a source of carbon for a long period 
following fire
Fire is an important disturbance factor that will reduce 
NEP through initial burning emissions and recovery.  
Gives Net Biome Productivity (NBP) 
NEP-Fire was +0.8 (2001-2002) & +0.3 (2002-2003) and
NBP ~ NBP ~ --1.5 1.5 tCtC haha--1 1 yy--1 1 

Possibilities for carbon sequestration.


