
RESEARCH OVERVIEW

Droughts are one of the greatest challenges we are faced with today, and will be faced with in the near future.
They have always existed and have always put stress on ecosystems. However, due to climate change, droughts
will become more frequent, last longer and become more severe. This puts pressure on ecosystems to the point
where they are consistently degrading. This degradation is characterized by the (local) extinction of species (i.e.
biodiversity loss), loss of resistance and resilience against others stressors such as pathogens, and the reduction
or even complete loss of the provisioning of several ecosystem services, such as the supply of drinking water,
cooling, carbon storage and many more.

Fynbos, a hyperdiverse heathland ecosystem in South Africa, experiences these droughts as well. Fynbos is an
ecosystem in a drought prone region. It is regulated by fire, as the ecosystem needs these phenomena to
rejuvenate. However, due to fynbos’ complexity, it is hard to predict the relationship between excessive drought
and ecosystem health and functioning in this particular ecosystem and its relation to fire events. One possible
way to tackle this problem is the integration of remote sensing (i.e. satellite) data into the analysis.

OBJECTIVES
How can we measure and analyse drought stress in the fynbos ecosystem using remote sensing?
What is the impact of drought stress on vegetation health and postfire recovery in fynbos?
What is the relation between biodiversity and species composition and drought?
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Remote sensing products, such as data from the MODIS
sensor, are very suitable for investigating drought stress
in the fynbos ecosystem. However, data with a higher
spatial resolution will always significantly improve
results, especially in a complex ecosystem such as
fynbos.

Correlation and post-fire recovery analysis is suitable for
quantifying the impact of drought stress on the
ecosystem. Trend analysis is not suitable to investigate
long-term impacts of drought stress in fynbos. All
analysis methods could and should, however, be
significantly improved still through further research.

Drought has severe impact on fynbos functioning
and health: positive correlations between drought
measures and vegetation health were found and
post-fire recovery processes were severely
attenuated.

Correlation analysis found that the ecosystem
likely responds to the drought in a 7-8 month time
interval.

Biodiversity and species composition are a
valuable explanatory variable for explaining
differences in drought sensitivity between
different fynbos plots. Drought sensitivity thus
depends, among others, on species composition.

KEY FINDINGS



Fynbos, one of the most biodiverse ecosystems on Earth, is home to over 9,000 vascular plant species, with 68%
endemic to the West Cape. Its biodiversity not only holds intrinsic value but is also crucial for water supply,
ecotourism, and various ecosystem services. Identifying stressors, particularly those related to climate change
and human behaviour, is vital for preserving this ecosystem. Drought, exacerbated by climate change,
significantly impacts fynbos vegetation. To quantify these effects, remote sensing techniques were employed,
using MODIS satellite imagery, GPM IMERG rainfall data, and field biodiversity surveys including species traits.
Various analyses were conducted, such as biodiversity analysis, post-fire recovery analysis, trend analysis, and
correlation analysis.
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RESULTS AND DISCUSSION

BIODIVERSITY ANALYSIS

Biodiversity analysis showed that areas which had been severely disturbed (in this case: areas which previously
were under pine plantations, and where fynbos is now recovering) were less diverse than pristine fynbos plots.
Furthermore, species composition differed greatly among plots of different altitude, disturbance level and soil.  

Biodiversity analysis also seemed to indicate that species traits (for example ‘drought resistant’, ‘prefers wet soil’,
‘resprouts after fire’) may be good estimators for site conditions. In essence, fynbos species could take up a
similar role in research as European vegetation when Ellenberg values are applied, where site conditions are
derived from the vegetation that is present. This observation, however, was not tested for and it is thus too
premature to draw any conclusions, though it could be extremely interesting to investigate further

POST-FIRE RECOVERY ANALYSIS

Fynbos is regulated by fire: it needs fires in order to rejuvenate. After a fire, the vegetation recovers itself
gradually. In the post-fire recovery analysis, we investigated the speed of the vegetation recovery after a fire
event, and the effect of drought stress on the latter. The results confirmed quantitatively that, for the researched
catchment (Steenbras Nature Reserve), fynbos at higher elevations (mountainous fynbos) recovers quicker than
fynbos at lower elevations (lowland fynbos) (Figure 1). Probable explanations for this phenomenon are the
distribution of rainfall near mountainous areas, and the slope of the area. Furthermore, results showed that
some wetlands restored quicker than dryland areas. This is confirmed in literature, though the effect was spatially
divergent. This would indicate that other factors (such as species composition) would influence this effect as well.

Species composition showed to have effects on post-fire recovery rates. Plots with more resprouting species (i.e.
species resprouting from a stump after fire) recovered faster. Furthermore, Ericaceae presence in plots was
correlated with slower post-fire recovery. Species of the Ericaceae are heath species, that are often reseeding (i.e.
they grow back from a seed bank after fire) and slowly maturing. It is thus expected that if they dominate the
landscape, post-fire recovery will be slower. Ericaceae species are also often more prone to drought. Lastly, cover
of Poaceae (i.e. grass) species in plots correlated to faster post-fire recovery. It is known that Poaceae grow and
mature quickly, especially after events such as fires. The Poaceae species in this study were also mainly
resprouting, adding to the fast post-fire recovery effect. 

Lastly, and most importantly, we investigated the effect of the big 2015-2018 drought period on post-fire recovery
speed. This was mainly done in two ways. In the first approach, we correlated a vegetation index anomaly (i.e.
actual value – predicted ‘normal’ value) with drought and rainfall indicators. We found that correlations were
mainly positive.
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This means that if it gets dryer, the
vegetation seems to suffer (as indicated by
the red line in Figure 2). A special effect
could be found in wetlands, where the
vegetation suffered mainly at the onset of
the drought, but recovered relatively quickly
after that. However, wetlands are prone to
‘tipping points’, i.e. ‘points-of-no-return’. We
should thus be careful about labeling them
as ‘resilient’ against drought. 

The second approach quantified the effect
of excessive drought on post-fire recovery
speed. Post-fire recovery speed was
calculated with and without the drought
period taken into account, and results
showed that post-fire recovery was
significantly slowed down when the drought
period was included. These two approaches
show that drought has a large impact on
post-fire recovery and vegetation health.
However, they both still produce artefacts,
i.e. erroneous results based on failures of
the analysis method. It is key to work on and
remove these artefacts before the analysis
methods would be suitable for larger
drought impact monitoring. 

Figure 1: Post-fire recovery
rates (lambda) in the Steenbras
Nature Reserve. Most pixels
denote the post-fire recovery
after the fire of 2008. The lower
lambda is, the faster the post-
fire recovery.

Figure 2: Post-fire recovery track of fynbos vegetation in the Steenbras
Nature Reserve. The drought period of 2015-2018 severely attenuated
the recovery process.
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Figure 3: Correlation values between a vegetation index and climate data
in the Steenbras Nature Reserve. The dryer it gets, the more the
vegetation index goes down. Higher correlations indicate more sensitive
areas.

TREND-ANALYSIS

In the trend analysis, long-term trends in
vegetation and drought index timeseries
were investigated. As a conclusion, trend
analysis is not suitable for investigating
long term trends in fynbos vegetation.
Fynbos is regulated by fire; these fires
disrupt the trend as the vegetation index
lowers significantly. Mention needs to be
made of several plots where fires and
other disturbances (such as the
conversion from plantation to fynbos) had
not occurred and trend analysis could be
performed nicely. However, as a
generalizing analysis technique, trend
analysis should not be used so bluntly.
Trend analysis of the climate data did
reveal a significant negative trend in
rainfall. This corresponds with many other
reports, and a drying future due to
climate change. 

CORRELATION ANALYSIS

In correlation analysis, timeseries of
vegetation indices were linked to
timeseries of climate data. The goal was
to see what impact changes in climate
(e.g. precipitation) would have on
vegetation, and what the time delay
would be, as vegetation does not react
immediately to a drought. Correlations
between these datasets were largely
positive, which indicates that if there is
less water available (e.g. declining
precipitation and/or less
evapotranspiration), vegetation health
measures would decrease. The positive
correlations in the Steenbras Nature
Reserve can be seen in Figure 3. 

It is also clear that some regions (the
darker green regions in Figure 3) react
more strongly to drought than others as a
higher correlation is present. These
differences are likely caused by the plot’s
species composition and soil, among
many other possible factors. These
factors should be further investigated in
well-designed experiments.

Figure 4: Mean correlation values (over the whole study area) calculated
with different time intervals. ‘Lag’ is the difference in time interval with
which the correlation is calculated, the number in the legend (3 from
SPEI3, for example), indicates the amount of months that are taken into
account to calculate the climate variable (for example: aggregated over
three months)



Furthermore, we repeated this correlation analysis with several time lags, to find out how quickly vegetation
responds to shortages of water. All analysis lead to a 7- to 8-month time delay, with mixed influences of short-
term and long-term droughts. In Figure 4 can be seen that the correlation is highest for a 3-month drought index
after 5 months, which accumulates to 8 months delay.

CONCLUSION

Fynbos is a very beautiful and complex ecosystem. It is an ecosystem that is used to periods of drought in
summer. However, excessive drought has major impacts on vegetation health and functioning. This drought is
often characterized by a lack of winter precipitation. Post-fire recovery analysis showed that drought attenuates
the recovery process of fynbos vegetation after a fire event. In the Steenbras Nature Reserve, the lower, flat
surfaced fynbos was more prone to this attenuation than the fynbos in mountainous areas. Some wetlands
seemed to experience this attenuation as well, but recovered relatively quickly. However, wetlands are prone to
tipping points or ‘points of no return’, and the impact of drought stress on them should not be underestimated.
Correlation analysis showed that this connection between drought and vegetation health and functioning can be
seen in the long-term as well. Correlations throughout the study area were positive. Vegetation seems to react to
drought events with a 7- to 8-month delay. Lastly, the study found that trend analysis is not suitable for
investigating drought stress impacts in the fynbos ecosystem. 

These three analysis methods showed that remote sensing is a valuable tool in investigating drought and its
impact on ecosystems. However, the added value of field measurements is still great. Information about species
composition, soil etc. contribute a lot to explaining the variation you see with the satellite data. 

Future research could focus on improving the mentioned analysis methods, as many artefacts remain.
Furthermore, it could set up controlled experiments to deduce causational effects in the explanatory variables
that are mentioned. Fynbos is a complex ecosystem, and a lot of research is needed to fully grasp its dynamics.
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