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Current situation
• Knowledge around deforestation limited by 

poor data, and diverse definitions. 

• Main global satellite data set (Hansen 2013; 
Landsat), primarily designed for wet tropics - 
validity at low biomass, and in seasonal 
ecosystems?

•  ⟹ uncertainty on deforestation, 
particularly in savannas and woodlands 
(where rates are thought to be high)

• No large scale estimates of degradation or 
its role in C emissions - current best estimates 
rely on FAO harvest data. Case studies only in 
hotspots (Ahrends, 2010; Ryan 2014).

• Suggestions of widespread increases in 
woody biomass (satellite based, no ground 
data (Lui 2015 vs Stevens 2016)



Methods
• Focus on the woodlands of southern Africa (5M 

km2)

• Produce annual biomass maps from long 
wavelength radar images (Thanks JAXA!) and 
ground plots (SEOSAW network).

• Probabilistic estimate that deforestation, 
degradation or regrowth has occurred in each 25 
m pixel.

• Methods validated at smaller scales (Mitchard, 
2009; 2012; Ryan 2012; 2014): good detection 
rates for regrowth and def+deg.

• Advantages of radar: simple, linear relationship 
with woody biomass in woodlands, not affected by 
clouds, or variations in grass or leaf biomass 
(major problem for e.g. Landsat, MODIS).

• Issues: doesn’t work in flooded areas, sensitive to 
soil moisture at low woody biomass, limited data 
availability

• Full details: McNicol et al. Nature Comm. (2018). 
Open access
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Methods
• Advantages of radar: 

simple, linear 
relationship with woody 
biomass in woodlands, 
not affected by clouds, 
or variations in grass or 
leaf biomass (major 
problem for e.g. Landsat, 
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flooded areas, sensitive 
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data availability
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Biomass map

Novel estimates of the rates and locations of 
biomass change

“forest” threshold
10 tC/ha
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Exclude minor losses (<20% reductions), as small losses 
at 25 m are often ‘natural’ (Ryan et al 2014).

ALOS 
PALSAR mosaic 

2007-10

Biomass map
Biomass map

change map

P(def), P(deg), 
P(regrowth)

Statistical 
model of speckle 

“noise”

Reference plot 
data, n = 137

Final output: estimate of the 
probability that each land cover 

change has occurred in each 
25 m pixel
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2007

white indicates areas 
of very low biomass 
or masked due to 

soil moisture

25 m resolution

overall stocks similar 
to Avitabile 2016

25% lower than 
Saatchi 2011



no useable data

(re)growth in more remote 
areas

hot spots around some urban 
areas, transport corridors

trans- boundary spillover?

Export routes

Woody biomass change 
2007-2010

McNicol et al. Nature Comm. (2018)



Data summarised at admin level

• Open access



Main findings: Degradation

• widespread - affects 
20% of study area 
over three years  
95%CI = [17 – 22%]

• Mostly in higher 
biomass woodlands

• Particularly high 
along eastern 
seaboard, near urban 
areas

• Accounts for 65% of 
carbon losses 
[57-72%]
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Deforestation
• 2.2 x Hansen and 

FAO FRA deforested 
area estimates

• "mopping up" is 
common, more so 
than “frontier” 
deforestation

• Most deforestation at 
low biomass (90% 
<20 tC/ha) - coup de 
grace, not first cut

deforestation

degradation

(re)growth
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(Re)growth
• Widespread esp in more remote areas 

(Angola and Zambia), mostly at lower 
biomass

• Observed growth rate (1.3 ± 0.9 MgC/ha/
yr) similar to estimates from ground based 
studies

• Lots of regrowth is expected: recovery 
post disturbance in a highly resilient 
system.

• Region wide, no detectable change in 
woody carbon stocks: losses balanced by 
(re)growth?
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Overall
• Bad news: Gross losses due to deforestation and 

degradation are higher than previously thought, mainly due 
to degradation.

• Scaled up to all African woodlands, gross losses are 0.34 
Pg/yr. vs 0.18 for Amazonia (Song et al, 2015).

• Degradation: 65% of biomass loss; affects 6 x area of 
deforestation.

• Deforested area 2.2 x FAO (2010) and Hansen et al (2013). 
Mostly in mosaic landscapes.

• Good news: Region-wide, woody biomass constant over 3 
years: losses roughly balance regrowth, but national 
differences

• Implications for targeting REDD activities…

• Next steps

• 2017 update now available!

Angola
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Putting it in to practice

• Moving these methods out of the 
University ….


