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Global Biodiversity Hotspots

Semi-arid shrubland



Humphreys et al. 2019

Global Extinction Hotspot!
Seed-bearing plant species lost since 1900
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Near-real-time monitoring and forecasts of ecosystem state

Use satellite time-series to identify fire, recovery, invasion, and change
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Park system and management practices

2023 Western Cape Biodiversity Spatial Plan Map of Biodiversity Priority Areas



Existing tools don’t work well here…

Great tool, just not so 
great in this system…



2021 Fynbos Forum: Satellite monitoring of the Fynbos biome: identifying user needs

~80 Participants 
from a variety of 

organizations 
across South Africa

Breakout Rooms
1. Fire management
2. Monitoring species and ecosystems
3. Invasive Species 
4. Hydrology
5. Illegal vegetation clearing

User Requests:
● Records of past changes
● Current ecosystem status in context
● Spatial resolutions < 1 km
● Regular updates



Modeling Fynbos Dynamics

Grey is model forecast, 
red is observed 
vegetation activity

Dynamism makes 
detecting change very 

difficult

RS signal from healthy 
fynbos can vary 

dramatically

Postfire recovery trajectory
(satellite NDVI)
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Modeling Fynbos Dynamics

Postfire recovery trajectory
(satellite NDVI)

Historical context of 
current status (time series) 

reveal ecological shifts
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Comparing bayesian, state-space, & AI methods

https://doi.org/10.1016/j.isprsjprs.2020.05.017

Near-real-time monitoring and forecasts of ecosystem state

Postfire recovery trajectory
(MODIS/VIIRS NDVI)

Use satellite time-series to identify 

fire, recovery, invasion, and change

Below 
expectation

Shrub Mortality due to 
drought
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Forecast!

https://doi.org/10.1016/j.isprsjprs.2020.05.017

Near-real-time monitoring and forecasts of ecosystem state

Postfire recovery trajectory
(MODIS/VIIRS NDVI)

Use satellite time-series to identify 

fire, recovery, invasion, and change

Below 
expectation

Shrub Mortality due to 
drought
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Partnering with regional 
stakeholders to develop an 

operational monitoring system 
in a dynamic ecosystem

NASA Application 
Readiness Levels (ARL)

4: Validation
↑

2: Feasibility



Informatics pipeline from data ingest to reporting interface

emma.eco

Define Domain
Update Data 
Resources 
Download

Subset
Align
Filter

Extract Variables
Transform units
Analysis-ready 
data

Iterative model 
and forecast 
updatingt

0

t
X

Generate and 
share reports / 
Update website 
and app

Container with custom software to run 
identically on (virtually) any platform (laptop, 
cloud, hpc, etc.)

APIs, raster data processing, modelling

Targets package for pipeline management
Track dependencies and only update when needed

Track code changes, store (small) data through 
git-lfs and releases, continuous integration to 
process data and generate web-based reports, 
publish website

Automated website generation and publishing

http://www.emma.eco


Key Milestones: automated data processing and reporting

Github/Targets reproducible workflow
Make change 

anywhere in the 
pipeline

(locally or via web interface)

Git commit 
triggers needed 

reprocessing 
and report 

generation & 
publishing



Informatics pipeline: Regional & Park-level Reporting

emma.eco
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Regional summaries

http://www.emma.eco


Informatics pipeline: Regional & Park-level Reporting

emma.eco
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Park-level Reports

http://www.emma.eco


Next Steps

www.emma.eco
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and app

● Continue refining value-added products
○ e.g. stand age, vegetation anomalies

● Stakeholder Organization (SAEON) will 
communicate tool to downstream stakeholders for 
further use and refinement

● Transition from Google Earth Engine to new NASA 
APIs (Appears, EarthData, etc.)?

http://www.emma.eco
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Thanks!!!



Partnering with regional 
stakeholders to develop 

an operational 
monitoring system in a 

dynamic ecosystem



Model Development

www.emma.eco
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Generate and 
share reports / 
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and appWe want this working well before we go online!!!

Using a Convolutional Long Short-Term 
Memory (ConvLSTM) model for prediction

● Less computationally intensive
● More stable
● AI approaches (esp to diagnose deviations)
● Other satellite products

Forecast!Fit

Hierarchical state-space model

http://www.emma.eco


CapeNature protected areas =  1 054 183 hectares.
WC province = 12 946 200 hectares
900 employees
Budget = R381 million (±$20 million)


