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Introduction
• Changes in vegetation may happen because of many different 

drivers; droughts, floods, wind, fire, elephants, etc.
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Figure 16. (a) An example of a tree that succumbed to the effects of elephant damage. The image 
shows the trees standing in 2015 (blue), and on the ground in 2019 (yellow) (b) An example of a tree 
that succumbed to the effects of drought—the image shows the tree with a crown in 2015 (blue) and 
having lost most of its crown in 2019 (yellow).



Introduction (cont.)

• During 2019, we interviewed all 
rangers and other personnel to find 
out where areas with high elephant 
impact were

• We asked for possible mechanisms
• What long-term changes are taking 

place in these areas?



Category 1 includes areas 
along the major perennial 
rivers. Here vegetation 
dynamics are strongly 
dependent on flooding 
regimes with natural 
cycles of low riparian 
vegetation after major 
floods and slow 
succession to thicker 
vegetation in the 
floodplain and riverbed.



Category 2 includes areas where elephants 
typically have the most impact on vegetation; 
these are areas on fertile soils with plenty of 
water available year-round and where 
elephants impact greatly on palatable 
species. 

Elephants may also have high impacts in 
Category 3 but the effects of elephants are 
exacerbated by intense and frequent fires. 
Tree species such as kiaat (Pterocarpus 
angolensis) are very susceptible to fire 
damage after bark is removed or otherwise 
browsed on by elephants. 



Category 4 represents areas where 
elephants don’t necessarily have a huge 
impact currently but the vegetation type 
or habitat is rare in the park.



Methods

• Rain use efficiency: 
• A rain use efficiency (RUE) time series, a widely used remote sensing 

proxy for ecosystem functioning was generated
• RUE is typically derived by calculating the ratio between net primary 

productivity (NPP) (using NDVI as a proxy) and total precipitation of a 
given period

• Remote sensing time series analysis and breakpoint detection were used 
to identify patterns and changes in ecosystem functioning for the KNP for 
the years 1982 to 2015



• Woody change – GEDI fusion product
• The Global Ecosystem Dynamics Investigation (GEDI), provides publicly 

available samples of vegetation structure across near global extents - 
Spaceborn LiDAR sensor mounted on the International Space Station

• We combined GEDI footprint samples with continuous remote sensing data 
sources to predict woody cover at 30 m resolutions and annual time steps

• Continuous remote sensing predictors included spectral Landsat indices and 
backscatter metrics from Synthetic Aperture Radar (SAR). SAR information was 
derived from PALSAR 1 and 2, operated by the Japanese Aerospace Exploration 
Agency. The temporal extents of those missions constrained our annual 
structure predictions to 2007-2010 (PALSAR 1) and 2015-2022 (PALSAR 2)

• GEDI-fusion maps have been used to support wildlife habitat modelling (Vogeler, 
J. C., Fekety, P. A., Elliott, L., Swayze, N. C., Filippelli, S. K., Barry, B., ... & Vierling, 
K. T. (2023). Evaluating GEDI data fusions for continuous characterizations of 
forest wildlife habitat. Frontiers in Remote Sensing, 4, 1196554. )



Results: Rain use efficiency





Results: Woody 
cover change



Results: Woody
cover change

2007-2022

2015-2022

2007-2015





Luvuvhu River
KNP North





2007-
2022
GEDI-fusion
Woody Cover 
Change

0.2

0.05

-0.05

-0.2

Scale 1:11 500



1942

Scale 1:11 500

Source CD:NGI



1965

Scale 1:11 500

Source CD:NGI



1985

Scale 1:11 500

Source CD:NGI



2005

Scale 1:11 500

Source GEarth



2007

Scale 1:11 500

Source GEarth



2010

Scale 1:11 500

Source GEarth



2012

Scale 1:11 500

Source GEarth



2018

Scale 1:11 500

Source GEarth

Flood 2013



2020

Scale 1:11 500

Source GEarth



2023

Scale 1:11 500

Source GEarth



Limpopo River East
KNP North







2007-
2022
GEDI-fusion
Woody Cover 
Change

0.2

0.05

-0.05

-0.2

Scale 1:11 500



1942

Scale 1:11 500

Source CD:NGI



1965

Scale 1:11 500

Source CD:NGI



1985

Scale 1:11 500

Source CD:NGI



2005/8

Scale 1:11 500

Source GEarth

Massive floods 
2000



2007/6

Scale 1:11 500

Source GEarth



2012/10

Scale 1:11 500

Source GEarth



2015

Scale 1:11 500

Source CD:NGI



2018

Scale 1:11 500

Source CD:NGI



2019/5

Scale 1:11 500

Source GEarth



2023/7

Scale 1:11 500

Source GEarth



Pretoriuskop
KNP South





2007-
2022

Cover Change 

Version 1



1940

Scale 1:11 500

Source CD:NGI

From an 
annual burning 
policy since 
the 1920s and 
before (which 
incidentally 
made it one of 
the best game 
viewing areas 
in the 1930s), 
all fires were 
suppressed 
between 1947-
1954



1965

Scale 1:11 500

Source CD:NGI



1985

Scale 1:11 500

Source CD:NGI



2004

Scale 1:11 500



2012

Scale 1:11 500



2020

Scale 1:11 500



2022

Scale 1:11 500



2024
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Conclusions

• Averaged across the park, increase in woody cover
• Very variable, with huge variation within an elephant impact area
• The greatest loss of woody cover that overlaps with an elephant 

area is found along the Levhuvhu in the north of the park
• For changes larger than 5%; 90% of park has not changed, 10% 

has increased, 0.3% has decreased
• 40% of this change took place in elephant impact areas
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