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Introduction

• Globally, there is an unprecedented decline in 

Biodiversity

• These are some of the causes

– Changes in land and sea use

– Direct exploitation of organism

– Climate change

– Pollution and 

– Invasive species

https://www.un.org/sustainabledevelopment/blog/2019/05/nature-decline-unprecedented-report/

IPBES Global Assessments, WWF Living Planet Report 2018

https://www.un.org/sustainabledevelopment/blog/2019/05/nature-decline-unprecedented-report/


Introduction (cont.)

• SANParks manage about four million ha of land, with 

about 19 National Parks

• Of all the parks, smaller parks require intensive 

management, which entails understanding about;

– Vegetation condition and animal numbers

– Land degradation 

• Erosion, invasive species, fire, bush encroachment, 

overgrazing

– Climate Change - high frequency of drought, erratic rainfalls, and 

severe storms

• There is a need for earth observation technologies



Projections of changing 
annual average temperature 
(degrees C) over southern 
Africa for the period 2070-
2099 relative to 1961-1990

Source: CSIR-CHPC

• …increase in 

drought frequencies



Projections of changing 
annual rainfall over 
southern Africa for the 
period 2070-2099 relative 
to 1961-1990

Source: CSIR-CHPC

• …Erratic precipitation



Essential Biodiversity Variables (EBVs)

Criteria of EBVs
• capture critical scales and dimensions 

of biodiversity

• biological

• a state variable (in general)

• sensitive to change

• ecosystem agnostic (to the degree 

possible)

• technically feasible, economically 

viable and sustainable in time

Source: GEOBON

Rationale

• Local and regional policies, PA env. monitoring needs

• Aichi Biodiversity Targets by CBD, SDGs

• Limited harmonized observation system for delivering 

regular, timely data on biodiversity change



Satellite Remote Sensing (SRS) - EBVs

Source: GEOBON



Satellite Remote Sensing – EBVs (cont.)

Source: GEOBON

Skidmore et al. 2015



Objective of the talk

To explore the concept of remote sensing EBVs as a 

framework for monitoring protected areas

Implementation objectives

• To determine, collate, develop and package   

EBVs to inform decision making at multiple scales

• To develop long-term and near real time 

monitoring of specific EBVs in the protected areas

• To determine landscape changes based on long 

term EBV observations



Pathways to satellite remote sensing (SRS) EBV generation
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Tree composition mapping – multi-phenology approach

• Lowveld tree species map for optimal 

period: April – WorldView-2 images

• 80% of the overall accuracy

Madonsela, S., Cho, M.A., Mathieu, R., Mutanga, O., 

Ramoelo, A., Kaszta, Ż., Van De Kerchove, R. and Wolff, 

E., 2017. Multi-phenology WorldView-2 imagery improves 

remote sensing of savannah tree species. International 

Journal of Applied Earth Observation and Geoinformation, 

58, pp.65-73.



Tree Species Mapping
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Towards development of  tree species diversity monitoring

Tree species diversity from the best (a) woody canopy cover (WCC) model, (b) factorial model involving 

NDVIMarch and WCC (c) factorial model involving NDVIApril and WCC (d) factorial model involving NDVIMay

and WCC and (e) factorial model involving NDVIJuly and WCC

Madonsela et al. under review Source: CSIR-NRE

https://zslpublications.onlinelibrary.wiley.com/doi/full/10.1002/rse2.9



Mapping trends in tree cover: bush encroachment

Trend analysis of tree-cover change 2001–2018 using Kendall correlation analysis. A = Kendall Tau coefficient, B = p-values and 
C = threshold of p <  0.05 highlighting the areas of significant increasing or decreasing tree-cover percentage





Vegetation condition assessment: Example of Mokala National Park



Empirical modelling of leaf N using simulated 

Sentinel-2 from Spectrometer data

May 2016

July 2016 August 2016

May 2016



Leaf N –WorldView-2 (Red Edge Band)

Ramoelo et al. 2015. JAG



Mean Annual Biomass Maps (g/m²) from 2001 to 2015

Stolter, C., Ramoelo A., Kesch, K., , Madibela, O.R., Cho, M.A., Joubert, D., 2018. Forage Quality and Availability for Large Herbivores, In: Climate change and 

adaptive land management in southern Africa – assessments, changes, challenges and solutions (ed. By Revermann, R., Krewenka, K.M., Schmiedel, U., Olwoch, 

J.M., Hlmschrot, J.,& Jurgens, N.), pp; 170 - 176. Biodiversity and Ecology, 6, Klaus Hess Publishers, Gottingen and Windhoek.



EBVs provide potential for monitoring, 

but there are few questions.

• What are key environmental issues beyond each 

PAs?

• Uniqueness and representativeness of the PAs 

according to the EBVs?

• Who is working towards developing such variables, 

local, regional and international? Synergies?

• How can institutions be mobilized to contribute those 

EBVs for the management of the protected areas? 

• How can we co-develop or co-produce these with 

various stakeholders?

• How can these data be collated, stored and further 

analysed for trends, etc? GEE? ARD?

• Monitoring, assessment and early warning tools

• At what scale, temporal, spectral and spatial?



• SANParks

• CSIR

• ECOPOTENTIAL  Project (http://www.ecopotential-

project.eu/) 

• GEOBON – Group on Earth Observation Biodiversity 

Observation Network                                                               

Thank you
Abel.Ramoelo@sanparks.org
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