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Overview

• Research on quantifying seasonality of semi-arid savanna type 
(SAST) regions typically uses climatic variables, instead of 
geophysical variables

• What are phenoregions and what do they tell us?

• What do the patterns we see in phenoregions NDVI time series 
tell us about how we study landscape scale vegetation?

• Remotely sensed data is used to determine phenoregion 
classification, composition, NDVI time series seasonality



Phenology predicting models and 
ecoregions

• Land surface models like the Community Land Model use plant 
functional types or land cover (Dahlin et al., 2015; Parmesan, 
2007)

• These models are based off of broad ecoregions that do not 
consider phenology

• Phenology can give a different look at what landscape scale 
vegetation patterns look like (Ma et al., 2013)

• Models fail to accurately and reliably model patterns in SAST 
regions because they assume relatively homogeneous 
landscapes (Dahlin et al., 2015)



Overall ecological objectives
• Identify phenoregions using only the NDVI time series as opposed 

to using land cover

• Understand what influence geophysical variables have on 
phenology/phenoregions 

• Quantify the extent to which phenoregions and environmental 
controls vary across the megatransect in East Africa



Background

• As climate change becomes an increasingly pertinent issue, the 
need to recognize and target vulnerable ecosystems has resulted 
in increased scientific research in environmental controls of 
vegetation dynamics (Archibald et al., 2007). 

• Climate change affect processes such as water and nutrient 
cycles, energy exchanges, and land/atmospheric systems (Ma X, 
2018).



Phenology
• The study of plant leaf growth in response to precipitation, 

temperature, and elevation is known as land surface phenology, 
though ‘phenology’ can also refer to flowering and fruiting 
(Verbesselt et al., 2010).

• Past studies have generated metrics that are used to visualize 
and predict phenology: green up/green down 

• These metrics are used to inform how ecosystem structure and 
composition responds to climate change (Yang et al., 2015)



NDVI

http://physicsopenlab.org/2017/01/30/ndvi-index/



Phenology cont.

Archibald et al 2007 Guan et al 2014



Phenoregions

• Phenoregions are discrete 
groupings in a landscape 
based on similarities in 
phenological cycles (White et 
al., 1997). 

• Land cover vs. NDVI

• In our study, we use NDVI



Study sites
Megatransect along East 
Africa:
• Mt. Kenya National Park
• Serengeti National Park
• Ruaha National Park
• Luangwa National Park
• Limpopo National Park

• Latitudinal gradient: 
precipitation, 
temperature, elevation 
and slope



Semi Arid Savanna Type (SAST)
• Globally there are more than three billion 

people living in semi-arid and savanna 
type (SAST) ecosystems (Dahlin et al., 
2016), which cover more than 60% of the 
African continent (Shef et al., 2014). 

• SAST systems are also home to some of 
the largest populations of grazing animals 
in the world (Pimm et al., 2014) and fire 
disturbances due to drought and 
agriculture (Giglio et al., 2013)

• Savannas typically consist of woodland 
with varying mixtures of trees, shrubs and 
graminoids (Walker & Gillison, 1982). 

https://en.wikipedia.org/wiki/Savanna
https://www.pri.org/stories/2016-05-02/africas-great-green-wall-making-progress-two-fronts
https://www.britannica.com/place/Sahel

https://en.wikipedia.org/wiki/Savanna
https://www.pri.org/stories/2016-05-02/africas-great-green-wall-making-progress-two-fronts


Intertropical Convergence Zone (ITCZ)

Ziegler et al., 2013





Methods

• Analysis workflow

• PCA

• K-means clustering algorithm

• Discriminant analysis







Serengeti National Park



Statistical analysis
•Step 1: PCA reduction of dimensionality on 

NDVI time series
•Step 2: K means cluster analysis using the 

first few PCA scores. These PCA scores 
explaining 90% variability in the original NDVI 
time series. 

•Step 3: Discriminant analysis is used to 
explain variability in the cluster membership

•  Step 4: Results from the discriminant 
analysis show that x explains over 99% of 
variability in the cluster memberships



PCA, K-means and DA

MacGarigal et al., 2000



Number of PCs

•Mt. Kenya: 4

•Serengeti: 1

•Ruaha: 2

•Luangwa: 8

•Limpopo: 6



Number of Clusters: elbow method

•Mt. Kenya: 5

•Serengeti: 7

•Ruaha: 7

•Luangwa: 10

•Limpopo: 4

Scharsich et al., 2017



Number of Clusters: silhouette method

•Mt. Kenya: 5
•Serengeti: 2
•Ruaha: 5
•Luangwa: 10
•Limpopo: 8

Wang et al., 2017



Challenges
• Really big data 

• Time consuming, 60 scenes X # pixels = big number!
• Split the scenes into small tiles and run gapfilling tile by tile
• If there is an error somewhere in the data, it is not easy to find

• Processing
• Time consuming
• Functions took different object types, so had to convert data multiple 

times
• Data limits
• Ram

• Google Earth Engine, R/Rstudio, QGIS

• R packages: greenbrown, raster, sp, dplyr, rgdal, cluster, gclus, fpc, klaR



Results

• Temporal Trends

• Spatial Trends

• Phenoregion composition

• Discriminant Analysis
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Landcover composition
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Geology composition





Caveats and future work
• As mentioned before, there were 

some difficulties with processing
• Gapfilling did not work smoothly for 

all the data
• With big data, its difficult to find the 

source of the problem, one small 
error can cause some weird stuff on 
the line

• Determining number of clusters is 
subjective

• Only looking at 5 national parks 
along East Africa, but there are a lot 
more



Conclusion
•Latitudinal gradient of phenoregion assignment and 
composition
•More phenoregion heterogeneity at the ends of the 

megatransect

•Interannual variation seen in NDVI time series not 
explained by land cover or geology

•Slope explained phenoregion discrimination the best 
for most of the sites, but no clear pattern

•Phenoregion classification can improve our 
understanding about SAST regions



Thank you!!!



QUESTIONS?


