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Gondwana Rainforests of Australia World Heritage Area

• Gondwana Rainforests WHA, a serial property of 40 
conservation reserves, approx. 600km north to south

• archipelago of upland rainforest remnants fragmented by 
a drying climate, fire and most recently, land clearing for 
farming

• remains the largest area of subtropical rainforest globally
• an important refuge for ancient lineages of flora and 

fauna and endemic species
• threatened by climate change



Tweed Caldera – largest erosion caldera in the southern hemisphere
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IBISCA transect - Lamington National Park

300m

1100m

900m

700m

500m

range =
7°C and 
21% rainfall

Warm 
subtropical 
rainforest

Cool 
subtropical 
rainforest

Cool 
temperate 
rainforest

Surveys undertaken in 2006, 2011, 2016 & 2021



Objectives

• Current environmental controls of rainforest floristics
• Climate projections for the Gondwana Rainforests
• Current evidence of floristic change and environmental 

controls
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Environmental controls 2006 – moisture stress
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Temperature projections – dry season (September)

Gondwana Rainforests

2030 increase
2050 increase
2070 increase

Narsey S, Laidlaw M, Colman R, Pearce K, Hopkins M and Dowdy A. 2020. Understanding the impact of climate change on cloud forests 
in the Gondwana Rainforests of Australia World Heritage Area, NESP Earth Systems and Climate Change Hub, Australia.
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Rainfall projections – dry season (September)

Gondwana Rainforests

2030 unclear
2050 unclear
2070 unclear

Expected and consistent 
with GCM values 

Narsey S, Laidlaw M, Colman R, Pearce K, Hopkins M and Dowdy A. 2020. Understanding the impact of climate change on cloud forests 
in the Gondwana Rainforests of Australia World Heritage Area, NESP Earth Systems and Climate Change Hub, Australia.
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Relative humidity projections – dry season (September)

Gondwana Rainforests

2030 slight decrease or little change
2050 slight decrease or little change
2070 decrease

Narsey S, Laidlaw M, Colman R, Pearce K, Hopkins M and Dowdy A. 2020. Understanding the impact of climate change on cloud forests 
in the Gondwana Rainforests of Australia World Heritage Area, NESP Earth Systems and Climate Change Hub, Australia.
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Cloud height (LCL) projections – dry season (September)

Gondwana Rainforests

2030 increase or little change
2050 increase or little change
2070 increase

Narsey S, Laidlaw M, Colman R, Pearce K, Hopkins M and Dowdy A. 2020. Understanding the impact of climate change on cloud forests 
in the Gondwana Rainforests of Australia World Heritage Area, NESP Earth Systems and Climate Change Hub, Australia.

X



W McDonald

Projected rise in dry season cloud base across the IBISCA transect

QFC RCP4.5 – Sept (Narsey et al. 2020) 

QFC RCP8.5 – Sept (Narsey et al. 2020)

Water from clouds has been found to provide the equivalent of an additional 40% of 
rainfall at 1000m elevation (Hutley et al. 1997)
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Environmental controls 2021 – moisture stress
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Time series of annual averaged Forest Fire Danger Index for south-east Queensland (28–29° S, 152–153.5° E). Data provided by A. Dowdy, Bureau of Meteorology, February 2020.

Forest fire danger index – black summer 2019/20



Plot 300C - 87% of stems killed; 98% loss of basal area in November 2019 bushfires



Generalised dissimilarity models (GDMS) developed for the year 2000 (baseline) and 12 climate futures centred on both 
2030 and 2070 (State Government of NSW & Department of Planning and Environment 2016)

Modelled compositional dissimilarity - GDM

2030 2070

green = likely to remain suitable for existing species
orange/red = likely to become less suitable for existing species



Generalised dissimilarity models (GDMS) developed for the year 2000 (baseline) and 12 climate futures centred on both 
2030 and 2070 (State Government of NSW & Department of Planning and Environment 2016)

Modelled compositional dissimilarity - GDM

2030 2070

green = likely to remain suitable for existing species
orange/red = likely to become less suitable for existing species



Compositional dissimilarity – field survey vs GDM
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• The current environmental controls of rainforest floristics depend 
on elevation. High elevation floristics (≥ 900m) are associated with 
low moisture stress driven by precipitation and significant cloud 
water inputs. Mid to low elevation sites are associated with higher 
moisture stress driven by higher temperatures, evaporation, and 
lower humidity.

• There is evidence of floristic change occurring within the 
Gondwana Rainforests, particularly at mid to low elevations 
(≤ 700m). Floristic change may be mitigated by cloud water at high 
elevations.

• Climate projections for the Gondwana Rainforests include higher 
temperatures, lower humidity and a rising cloud base contributing 
to increased moisture stress and fire risk. Rainfall projections are 
unclear.

Summary
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