Belgian
Science Policy

World Wide Watch

Earth observation products
for FAO operational locust habitat monitoring and
for GIEWS agriculture monitoring

@ o

Y

Vlaamse instelling voor i' ﬁl} Research Unit in Environmetrics
technologisch onderzocek Vo4 and Geomatics

(D) amiingm iﬁﬁ ©cEm

Global Environment
Farly Waming Syslem Monitoring Unit /JRC

on ool and agrioulinne [SIEWS |

Belgian 6thh |

-


http://www.fao.org/giews/english/index.htm
http://images.google.be/imgres?imgurl=http://www.oie.int/image/logo-FAO.gif&imgrefurl=http://www.oie.int/eng/publicat/rapports/en_BSE%2520WHO-FAO-OIE.htm&h=300&w=300&sz=14&hl=fr&start=8&tbnid=yemp4Ky8RKqLHM:&tbnh=116&tbnw=116&prev=/images%3Fq%3Dfao%2Blogo%26imgsz%3Dsmall%257Cmedium%257Clarge%257Cxlarge%26svnum%3D10%26hl%3Dfr%26sa%3DN

Background

| » Availability of frequent and relevant Earth’s
surface information from medium spatial
# » resolution sensors (SPOT-VGT, AATSR,
® g{ MODIS, MERIS)
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* Growing need for global Earth observation
products

— on a frequent basis
— for environmental monitoring

Belgian Earth Observation Day 6th May 2010, Chaudfontaine,

Belgium



Objectives

 To develop new or more efficient global
products by interactions with end-user
communities

d{' * To operationally deliver the products to these
" end-user communities.

« 3 products:

— Desert Locust habitat monitoring for FAO/ECLO
(Emergency Centre for Locust Operations)

— Phenology monitoring for FAO/GIEWS (Global
Information and Early Warning System)

— Pan-tropical forest change product for UNEP/WCMC
(World Conservation Monitoring Center)
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Objectives
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2+ Product cycle: development + production

— W

design and prototype operational delivery
specific products in In near-real time
Interaction with end-users (VITO)
(UCL)

* Product development:

— multi-sources approach to ensure services based on
the best available information

— Iterative approach to ensure services that are tailored
to specific applications and end-users

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



Desert Locust habitat monitoring

W Take the Desert Locust under control — Preventive strategy
— Early Warning System
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— formation of swarms “e > 4
— migration qyer large dlstances ' )
— threat to food security




¥ Desert Locust habitat monitoring

2+ Early warning system =

”' — continuous vegetation monitoring
— at the continental scale

— in near real time

« Challenges

— Vegetation detection close to the onset — avoid
confusion with bare soil

— Near real time analysis and delivery
— Automatic processing

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium
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* Processing chain:
— Product at 250m
— Based on 2 sensors (SPOT-VGT + MODIS)

Desert Locust habitat monitoring

. ‘|Step1

Acquisition + pre-processing
MODIS

Acquisition + pre-processing
SPOT-VGT

Step 2

Step 3

Step 4

Step 5

y

Vegetation detection
MODIS

A

Vegetation detection
SPOT-VGT

v

Integration of detection
MODIS + VGT

A

Maps production

A

Maps delivery

6th May 2010, Chaudfontaine, Belgium



¥ Desert Locust habitat monitoring

2/ « Step 1: data acquisition and pre-processing
) — 1.1: Automatic and continuous daily data acquisition

MODIS 250m

Terra

VEGETATION 1km

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



§ Desert Locust habitat monitoring
2« Step 1: data acquisition and pre-processing
” — 1.1: Automatic daily data acquisition

— 1.2: 10-day compositing and NDVI computing

ST

Quality
control

stage

Daily data

, % Clouds, hazes and

For each sensor pixel anomalies

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



§ Desert Locust habitat monitoring
2« Step 1: data acquisition and pre-processing
” — 1.1: Automatic daily data acquisition

— 1.2: 10-day compositing and NDVI computing

Multispectral Composite
(SWIR, NIR, RED)

For each sensor,

every 10 days

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



¥ Desert Locust habitat monitoring

« Step 1: data acquisition and pre-processing
— 1.1: Automatic daily data acquisition
— 1.2: 10-day compositing and NDVI computing
— 1.3: Color space transformation from RGB to HSV

B
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" RGB space HSV space V = maz(R.G, B),

— Hue = basic color
— Saturation = radial distance from the cone center
— Value (or Intensity) = height in the axis direction

For each composite
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Desert Locust habitat monitoring

§‘- « Step 1: data acquisition and pre-processing
— 1.1: Automatic daily data acquisition

N — 1.2: 10-day compositing and NDVI computing

— 1.3: Color space transformation from RGB to HSV

NDVI-based methods:

confusion with bare soil

— false alarms
(Despland, 2004; Ceccato, 2005)

MNDVI threshold

:0.12-0.14
Yellow:0.14 - 0.16
Green :0.16-0.18

Colored composition Mir, Nir, R

- Southern Yemen - 6th May 2010, Chaudfontaine, Belgium




¥ Desert Locust habitat monitoring

Acquisition + pre-processing

Acquisition + pre-processing

Step 1

MODIS SPOT-VGT
Step 2 Vegetation detection Vegetation detection

MODIS SPOT-VGT

[ I
v
Integration of detection
Step 3
P MODIS + VGT

Step 4 Maps production
Step 5 Maps delivery

Belgian Earth Observation Day

6th May 2010, Chaudfontaine, Belgium



Y § Desert Locust habitat monitoring
2 Step 2: vegetation detection for each sensor
; — Threshold-based detection

— Based on 3 parameters: NDVI, Hue, Diff Hue

— Thresholds identification based on an exhaustive
sampling of pixels in space and over time

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium
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2. Detection based on the temporal
behavior:
Diff Hue = Hue (t0) — Hue (t-1)

1 1 1 1 1 1 1
.05 a1 a.1s o2 a.25 o= 0.35 o.

0
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* NDVI
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Desert Locust habitat monitoring

- * Step 2: vegetation detection for each sensor

— Based on thresholds, creation of a decadal vegetation
mask for each sensor

. ‘t" A

MODIS Terra

250m

MODIS Aqua

250m

SPOT VEGETATION
lkm

6th May 2010, Chaudfontaine, Belgium




¥ Desert Locust habitat monitoring

Acquisition + pre-processing

Acquisition + pre-processing

Step 1

MODIS SPOT-VGT
Step 2 Vegetation detection Vegetation detection

MODIS SPOT-VGT

| |
v
Integration of detection
Step 3
P MODIS + VGT

Step 4 Maps production
Step 5 Maps delivery

Belgian Earth Observation Day

6th May 2010, Chaudfontaine, Belgium



Desert Locust habitat monitoring

| « Step 3: integration detection product
— Decadal product computed using the best information

a‘ b available everywhere and every time from both Terra
} & and Aqua MODIS and SPOT-VGT
MODIS detections Reprojected from

sinmsoidal to LongLat
‘ w

Terra

250m

Aqua

250m

Integreted Detection

at 250m

1km




¥ Desert Locust habitat monitoring

Acquisition + pre-processing

Acquisition + pre-processing

Step 1
MODIS SPOT-VGT
Step 2 Vegetation detection Vegetation detection
MODIS SPOT-VGT
| |
v
Integration of detection
Step 3
P MODIS + VGT
Step 4 Dynamic map production
Step 5 Maps delivery

Belgian Earth Observation Day
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Desert Locust habitat monitoring
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|« Step 4: production of green vegetation dynamic

- Spatial and temporal distribution of the
vgt

- A time meter computes the number of
decades during which a pixel is detected
as green vegetation from its onset to the
current decade

Integreted Detection mask

Incrementation

Detections time meter Green Vegetation Dynamic Map
Color table



¥ Desert Locust habitat monitoring

Acquisition + pre-processing

Acquisition + pre-processing

Step 1

MODIS SPOT-VGT
Step 2 Vegetation detection Vegetation detection

MODIS SPOT-VGT

| |
v
Integration of detection
Step 3
P MODIS + VGT

Step 4 Maps production
Step 5 Maps delivery

Belgian Earth Observation Day

6th May 2010, Chaudfontaine, Belgium



¥ Desert Locust habitat monitoring

% Step 5: products delivery (every 10 days)
; — 10-day multispectral composite (SWIR, NIR, Red)
— 10-day NDVI composite
— Green vegetation dynamic map




" Desert Locust habitat monitoring

* Results (Air Mountain Niger)

20080611



Desert Locust habitat monitoring

% » Used in a operational context by the FAO/ECLO
2 (Emergency Centre for Locust Operations)

% & « Master thesis in progress (UCL-FAO) to go on
improving the product
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¥, Desert Locust habitat monitoring

« Successful assessment in a operational context
.2 Dby the FAO/ECLO (Emergency Centre for
4+ Locust Operations)and by some national teams

-

@f » Master thesis in progress (UCL-FAO)
rﬂ'%-.. |
ij * |ssue of false alarms considerably reduced

Al

S

Hue-based detections

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium




! § Desert Locust habitat monitoring
| . Successful assessment in a operational context
by the FAO/ECLO (Emergency Centre for

»  Locust Operations)and by some national teams
f:-: » Master thesis in progress (UCL-FAO)
& * Issue of false alarms considerably reduced

« Validation in progress:

— Estimation of omission errors with a dataset of 32000

ground truth observations over all the recession area
in 2004 (provided by FAO)

— Estimation of commission errors by photo-
interpretation of 300 random points over 3 areas
(Yemen, Niger, Algeria) known to be problematic

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



¥ Desert Locust habitat monitoring

% « Conclusion

|
— Innovative vegetation detection methodology based
on a color space transformation from RGB to HSV

— Robust detection of the green vegetation in arid and
semi-arid areas

— Full automatic and multi-sensor processing chain
designed and used by VITO for the operational
production

— Green Vegetation Dynamic Map produced at 250m
and updated every 10 days

— Spatial and temporal distribution of vegetation in a
single image file thanks to a time meter associated to
a color table

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



Phenology monitoring

1+ International response to food insecurity —
relevant and timely information on all aspects of

food supply and demand

!+ FAO/GIEWS (Global Information and Early

& Warning System) Workstation

U — web-based integrated GIS linked to a database on
food security at global, regional, national and sub-
national levels

— assessment of rainfall and vegetation conditions in
Important agricultural areas new workstation to come

— working on a new workstation

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



Phenology monitoring

‘i * Objectives:
4 providing an accurate and continuous monitoring
of agricultural areas
— At the continental scale

— In near-real time
— Through the estimation of phenological metrics

designing this product for a direct integration in
the new GIEWS Workstation

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



Phenology monitoring
* Products selection by GIEWS:

Temporal Metrics: Phenological interpretation:
V Date of onset of oreenness Begmmng of photosyntheue acuvity
v Date of end of greenness End of photosynthetic actuvity
Vv Duration of greenness Length of photosynthetic acuvity
v Date of maximum OTCenNess Time when photosynthesis 15 at maximum

NDVI-value Metrics:

v NDVI value of onset of Sreenness Level of photosynthesis at start
v NDVI value of end of OTCCNNess Level of photosynthesis at end
v NDVI value of maximum Level of photosynthesis at maximum
v Range of NDV] Range of measurable photosynthesis

Derived Metrics:
V Accumulated NDVI Net pnimary production

MOV

May 2010, Chaudfontaine, Belgium



Phenology monitoring

.| » Products selection by GIEWS:
' — Phenological metrics
— In agricultural areas:

3 « NDVI profiles over 5 years
&3; : - Rainfall estimation

 Agricultural calendar

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



Phenology monitoring

| 1 * Products selection by GIEWS:

NDWVI

— 2 key metrics: onset and end of greenness

— Detection of small amount of vegetation — same
challenge than for the desert locust habitat monitoring
(i.e. detection of vegetation in desert areas)

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



Phenology monitoring

Processing chain:
— like an “add-on” of the Desert Locust chain

Step 1

Step 2

Acquisition + pre-processing
MODIS

y

Acquisition + pre-processing
SPOT-VGT

Vegetation detection
MODIS

A 4

Vegetation detection
SPOT-VGT

v

Integration of detection
MODIS + VGT

Step 3

A

Extraction of metrics
MODIS + VGT

Step 4

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



Phenology monitoring

Temporal Metrics:

Date of onset of greenness 4
| Date of end of greenness

% Duration of greenness

v Date of maximum greenness

@ NDVI-value Metrics:
NDVI value of onset of greenness
NDVI value of end of gree
NDVI value of maxim

Range of NDVI

Decade of the last
vegetation detection

Derived Metrics:
Accumulated NDVI

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium



Phenology monitoring




Phenology monitoring

«,| * Conclusion:
— Mostly based on the desert locust processing chain
— Desert locust methodology relevant for
» detection of small amount of vegetation
— of the onset and end of greenness
» automatic processing chain

= near-real time analysis
— First results delivered to GIEWS

Belgian Earth Observation Day 6th May 2010, Chaudfontaine, Belgium
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