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https://drive.google.com/open?id=106rLXk13oT7RObWaJC6vK2CfMvN_kcSq
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Global Extinction Hotspot!

Seed-bearing plant species lost since 1900

Hawaii recorded
79 extinctions.

South Africa’s Cape provinces
have the second most, with 37.

Humphreys et al. 2019



Near-real-time monitoring and forecasts of ecosystem state

COSYSTEM
L BT ANAGEMENT Use satellite time-series to identify fire, recovery, invasion, and change
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Park system and management practices
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Existing tools don't work well here...

Great tool, just not so
great in this system...

: Tree cover gain - 2000- (¢ 6 X
2020

@ Tree cover gain Redelinghu

Select a baseline year for viewing gain data:

2000 2005 2010 2015 2020 2 ;

Tree cover loss - 2001-
2024

Tree cover loss
Displaying Tree cover loss with >30%v
canopy density

» -
2001 2005 2009 2013 2016 2020 2024

Tree cover loss is not always deforestation.

Tree cover - 2010

Tree cover

Displaying Tree cover with >30%v canopy
density

Displaying Tree cover for 2010 v



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

| Fynbos: ' . 43 ~80 Participants
¥ Virtual Realifies FYNBOS from a variety of
* FORUM 2021 organizations
ONLINE EVENT
5% CONNECTION L 07-09
s conmt s 7 ONERE SEPT
1.
2
NELS®N M/ANDELA 3
UNIVERSITY gr

é ¥
N4
UNIVERSITY OF THE TheNature User Requests:

WITWATERSRAND, onservancy South African 50\ NicaL sociETY
JOHANNESBURG NATIONAL PARKS OF SOUTH AFRIC”  y of Cqy [ ]
g %
= [ ]
L 4 RE °
Cape National South African Envi [ ]

SEEC - Statistics in Ecology, Environment and Conservation Foundation | Observation Network

across South Africa

Breakout Rooms

Fire management

Monitoring species and ecosystems
Invasive Species

Hydrology

lllegal vegetation clearing

Records of past changes

Current ecosystem status in context
Spatial resolutions < 1 km

Regular updates



Modeling Fynbos Dynamics

COSYSTEM
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RN PPLICATION

Regrowth Fire

Seasonality

Dynamism makes
detecting change very
difficult

Postfire recovery trajectory RS signal from healthy
(satellite NDVI) fynbos can vary

dramatically

Grey is model forecast,
> red is observed
vegetation activity

2005 2010 2015
time since fire (years)



Modeling Fynbos Dynamics

COSYSTEM Historical context of
L' ATIANAGEMENT current status (time series)
=V YPPLICATION reveal ecological shifts

Postfire recovery traojectory L

(satellite NDVI) o

o o

= o

LL —

o

[0}

w

E s

5 2

g 3

o n
>
=

2 =

S 2005 2010 3

n time since fire (years) o

@ =

Q o
n




Near-real-time monitoring and forecasts of ecosystem state
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Regrowth Fire

Seasonality

Contents lists available at ScienceDirect

ISPRS Journal of Photogrammetry and Remote Sensing

Use satellite time-series to identify s e

fi re’ re Cove ry’ i n Va S i O n , a n d C h a n ge Near-real time forecasting and change detection for an open ecosystem with :,:)\,

complex natural dynamics

Jasper A. Slingsby™"", Glenn R. Moncrieff, Adam M. Wilson"
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Near-real-time monitoring and forecasts of ecosystem state
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Regrowth Fire

Seasonality

Contents lists available at ScienceDirect
ISPRS Journal of Photogrammetry and Remote Sensing
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fi re’ re Cove ry’ i n Va S i O n , a n d C h a n ge Near-real time forecasting and change detection for an open ecosystem with :,:)\,

complex natural dynamics
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Earth Observations

COSYST E M Environmental Data Vegetation Dynamics High Resolution Imagery

(soil, fire, climate, topography) LANDSAT & MODIS (e.g. Planet labs)
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Informatics pipeline from data ingest to reporting interface

-8 Define Domain
@ Update Data
Resources

= Container with custom software to run
Download

identically on (virtually) any platform (laptop,

.......  / docker cloud, hpc etc)
! ... Subset
i Align APIs, raster data processing, modelling
......... Filter
\J
Extract Variables
A‘)D Transform units Targets package for pipeline management
O_)O Analysis-ready Track dependencies and only update when needed
data

v

Iterative model

“ o ;ﬁ% and forecast

— ¢ updating

0 X * *

Generate and
share reports /
il Update website

and app j

Automated website generation and publishing

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

D06



http://www.emma.eco

Key Milestones: automated data processing and reporting
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Informatics pipeline: Regional & Park-level Reporting

Define Domain Regional summaries

Update Data Ecosystem Monitoring for Management Application (EMMA) ~ Home About Model Summary  Park Reports Q

Resources Ecosystem Monitoring & Management Applica

Download (EMMA)»

\/

Subset Stand Age distributions

ina changing world

Cape Flistc Region
Align Summary it i e ) ) ) )

The EMMA project i building new toolsto moritorthe health ofshrubland ecosystems innear real-ime. Regionloverview Distribution of Time Since Fire by Site

H Focusing on the fire-prone Cape Floristic Region of South Africa—a biodiversity hotspot—our system SR R " .

Filter combines sateltedat, e bsenations, and modeling torack changesinvegetaton, dentiy threats ke 0 Overvew Showing full range (Q0-Q100), IQR (Q25-Q75), and median (Q50
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http://www.emma.eco

Informatics pipeline: Regional & Park-level Reporting

Define Domain
Update Data
Resources
Download

v

Subset
Align
Filter

v

Extract Variables
Transform units
Analysis-ready
data

v

Iterative model
and forecast
updating

A/

Generate and
share reports /
Update website
and app

Park-level Reports

Ecosystem Monitoring for Management Application (EMMA)  Home

Park Report
Table Mountain National Park

NDVI and Time Since Fire

About  Model Summary Park Reports

Area burned and vegetation ages

Vegetation Age Distribution

Area Burned
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Figure 4. Climate Data from GSOD. Mean data is a long-term average for each day of the year across these weather

stations.
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Next Steps

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.)?

www.emma.eco

Define Domain
Update Data
Resources
Download

v

Subset
Align
Filter

\/

Extract Variables
Transform units
Analysis-ready
data

v

Iterative model
and forecast
updating

Generate and
share reports /
Update website
and app
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Partnering with regional
stakeholders to develop
an operational
monitoring system in a
dynamic ecosystem

Earth Observations

Environmental Data Vegetation Dynamics
(soil, fire, climate, topography) LANDSAT & MODIS
Ecological Step (2): Identify
Forecasting Aromalics
Step (1): Predict
Expected Vegetation ‘ Forecast,
Signal Evaluate,
Update
oy Mo Step (4): Update Model
University
atBuffalo ... )
Conservation & i A RF
National Research | South African Environmental
Management E , Foundation | Observation Network

of Biodiversity Biodiversity Management Interventions

High Resolution Imagery
(e.g. Planet labs)

Step (3): Diagnose
and Classify
Anomalies

In Situ Observations
Field Inspection,
Citizen Science Reports,
Manual Classification

® Invasive species removal, management of wildfire,

plant morbidity and mortality, land use change
‘@‘d
TheNature
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Model Development

e |esscomputationally intensive N
e More stable -Qf@ Update Dats
e Al approaches (esp to diagnose deviations) “8  Download

e Other satellite products Su:set

P Aign
msing a Convolutional Long Short-Term \/ Hierarchical state-space model \ fe....t Filter
Memory (ConvLSTM) model for prediction  /

Extract Variables
A_)D Transform units

B 0501
2

ConLsTM ) O _>O Analysis-ready
o] e data

" | IEW"J;[
5 Fit Forecast! v

NDVItime sequence data (from MODIS) ConvLSTM NDVIin the next step : - 1 L L Ite rative mOdeI
time step
K / K / “ Q¥§% and forecast

¢ updating

www.emma.eco 0 S A /

Generate and
share reports /

. . . = Update website
We want this working well before we go online!!! - and app
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CapeNature protected areas = 1 054 183 hectares.
WC province = 12 946 200 hectares

900 employees

Budget = R381 million (+$20 million)



