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Aim: To have a better understanding of savanna leaf phenology

For the 2008-2009 rainy season we evaluated:

1)phenological patterns (indexed by NDVI) of grasses and trees 

along a rainfall gradient 

- landscape level 

- leaf level

2)associations between phenological response and environmental 

variables

3)potential tree species belonging to the observed 

phenological sindromes



Rainfall gradient in the KNP: 

weather stations at each site
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Flights characteristics:

•Altitude: 450m a.g.l

•Area: ~ 375m x 280m

• ~ 10.5 ha

•Pixel size: ~15cm

Landscape NDVI:

High-spatial resolution, 

multispectral aerial 

photographs.



Trees:

•Combretum apiculatum (CA)

•Sclerocarya birrea (SB)

•Terminalia sericea (TS)

Grasses:

Schmidtia pappophoroides(SC)

Brachiaria nigropedata (BRA)

Eragrostis rigidior (ERA)
Setaria sphacelata (SE)

Panicum maximum (PA)

Monitored species
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Summary:

•Three phenological sindromes:

- Early flushing trees

- Late flushing trees

- Late flushing grasses 

•Early flushing trees start flushing about 50mm before the 

grasses and late trees.  

• Maximum NDVI values are higher in the late trees 

• Grasses and trees show a very high variability at the leaf 

level

- Exception: Marula (SB)

- TS varied the most � densely cover with silver 

hairs

• SB � early flushing

• TS� late flushing

• CA� late flushing
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Method s:

We monitor ed NDVI alon g a rainfall gra dient in the Krug er 
Nation al Park. Weather sta tions at  each site continuous ly 
regist er climate-r elated varia bles. We use d high-spati al 

resolu tion, multispectral aerial phot ographs of savan na 
landsc apes to derive seas onal NDVI time series and t he 

partia l contribution of trees  and grasses  to landsca pe 
greenn ess. Leaf-reflectance spectral  data of dominan t tr ees 

and grasse s were collected at regular intervals duri ng t he 
growin g season using a porta ble spectrometer (400- 1100nm). 

Background:

Understanding of savanna leaf phenology
is of great importance if we want to 

know the possible effects of climate 
change to the timing and duration of 

phenological cycles and their 
implications for human welfare.

A generalised phenology model for 

savannas should incorporate the 

different seasonal patterns of leaf 
display responses of grasses and trees. 
Several studies have addressed this 

question under the assumption that shoot 

growth in the woody component starts in 
the d ry season, one to three months 
before the start of the rainy season, 

while the growth of the gr ass component 

is largely restricted to the rainy.

Contrary to this temporal niche 

separation hypothesis of grasses and 
trees, ongoing research on leaf 
phenology in savanna s has shown that 

grasses and trees do not exhibit a clear 

temporal phenological separation. In our 
previous work, we have shown that three 
phenological syndromes exist in 

savannas: early-flushing trees, late-

flushing trees and late-flushing 
grasses. In this work we present a 

complementary data set on savanna 
phenology.

Our goals:
to evaluate at-leaf-level seasonal 

phenological patterns of grasses and 
trees along a rainfall gradient in 
Kruger National Park, 

to identify tree species of the late and 

early flushing groups and, 
to compare patterns at the leaf-level 
with those observed at the landscape 

level.

Monitored species:

Trees:
•Combret um apicul atu m (CA)
•Scleroc ary a birr ea (S B)

•Termina lia seric ea (T S)

Grasses:
•Schmidt ia pappop hor oi des(SC )

•Brachia ria nigro ped at a (BRA )
•Eragros tis rigid ior ( ERA)

•Setaria sp hacela ta (S E)
•Panicum ma ximum (PA )
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Bayesian modelling of NDVI course along the rainy 
season: top right and left and bottom left: parameters 
posterior probabilities; bo ttom right: fitted model
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Testing the tempor al niche hypo thesis: 

Enviro nmental drivers of lea f phenology:

Possib le candidates for the switch-on phase of leaf  phenolog y are precipi tation, soil 
moistu re and temperature. Si nce all these variables  (their c umulative val ues) are strongly 

correl ated with one another (r²=> 0.97  for all pair s), we de cided to analy ze the ND VI with 
regard  to the precipitation,  which could also let u s test th e temporal ni che hypothesis.7

Summa ry:

1)Phe nological patterns and their 

relat ion to (cu mulative) 
preci pitation h ave been accurately 

descr ibed by me ans of Bayesian 
analy sis:

•Earl y flus hing tr ees st art 

flush ing about 50mm befo re the 
grass es and l ate tree s, in m any 

cases  before the ra ins start, wh ich 
indic ates ther e might be anot her 
varia ble, inde pendent of rainf all 

that allo ws for this early  swi tch 
on.  

•Maxi mum NDVI values are higher in 
the l ate trees 
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Leaf-lev el NDVI: grasses

2) NDVI pa tterns at the leaf lev el do 
not match with those observ ed at the 
landscape level. Moreover, leaf -NDVI 

is not cor related with  precipit ation 
(fig. at the left), indica ting that 

cover patterns might play an 
important role in determining  the 
landscape overall r esponse.

3) Bo th, grasses and tree s show a 
very high var iability at the leaf 

level, with the only exception o f the 
Marula tree (SB), which exh ibits 
high, constant values along the year. 

TS varied the most, which is  not 
surprising due to it leaves being 

often densely  co ver with s ilver 
hairs.

4) Identifying tree species belo nging 
to o ne phen ological pattern is 

challenging with the data avail able, 
and more studies are n eeded in this 

regard. However, one might think  that 
SB could b elong to the early flu shing 
group due to the high NDVI v alues 

during the dry seas on.

Leaf-level NDVI: trees
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