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Evaluating the « state of conservation » of WH
sites is a big challenge for UNESCO

Neglect/destruction Incompatible Threatening activities
development
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® In the World Heritage Committee 2009 meeting, only
15% of the sites were discussed

® What can be done to support the WH Committee ?
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An operational land cover change alert
system is developed for tropical forests
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UNESCO-WATCH tentative test sites (UCL/ELI-e, 2010) / Coordinate grid : degrees (WGS84) / Map projection : World Cylindrical Equal Area / Source : ESRI and WDPA

Based on 15 test sites at three historical epochs
1990’s, 2000’s and 2010’s
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The alert system aims at identifying
potential threads on the WH sites

No visible thread
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Non preserved boundaries
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A buffer helps to evaluate pressure on the sites
and mitigate delineation uncertainty

Official boundaries could be wrong
Thread analysis based on the 5 and 20 km buffer area




Most of the steps have been automated
using Orfeo Toolbox Library and Python

® Orthorectification is the major issue .

— About 25% of Landsat images had to be shifted
— SPOT archive needs manual orthorectification
— Very little reliable Ground Control Points available

® Calibration limited to TOA corrections

Example of Landsat shift
— Automated with metadata files (Atlantic forest, Brazil)
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® Cloud screening uses thresholds (Zhu et al)
or SVM

— Purposingly biased to achieve near 100 % detection
— False detections are often compensated by multiple images
— Omissions would be detected as change




Context-based decision rules are used to reduce
false detection and improve fringe detection

Presence of shadow to confirm clouds
More permissive classification around clouds
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Two step segmentation allows for the
extraction of small inclusions of interest




Four change detection methods are

combined
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period 0
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Cloud free scenes

Segmentation
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Image-segments
period 0 (+/- 1 ha)

Baraldi (2006)'s threshold:

Forest mask
creation
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Image-segments
period 1 (+/- 1 ha)

Clustering and NDVI thresholds

Image-segments

(+/- 5 ha)

Forest mask (FM) 1

Forest mask (FM) 3

Forest mask (FM) 2

—
M1

.

period 1 l
difference

—
M

Iterative trimming
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Iterative trimming

Change 2.0

Change 2.1

WP 423

Real change

Decision rules
(change masks
intersection]
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Forest/No forest

map period 0

+/- 1 ha
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WP 424
Forest/No
forest
classification

Forest/No forest
map period 1
(+- 1 ha)

WP 425

Integration into
5ha objects

5ha objects

Integrauon info |,

Tree Cover (TC) : > 70% area = forest

High Mosaic (HM) : > 40% and <=70% area = forest
Low Mosaic (LM) : > 10% and <=40% area = forest
Bare soil (BS) : <= 10% area = forest

to reduce false alerts

Image
segmentation

Forest/non forest
classification and
change detection

Cleaning and
upscaling
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Trimming outliers...iteratively

Estimate probability density function
Trim data from unlikely values

Mean = -0.08

Stops
after 5
Iiterations
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Detection of deforestation and
reforestation

2013
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Results are distributed as interactive pdf files
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Monitoring of Mount Kenya WH site

37°150"E 37°25'0'E

37"19'0'E 37°200"E 37°25'0'E

37°300°E Forest cover change

Net annual deforestation rate :
- WH site : 2.9%

- Buffer zone (5 km) : 0.6%

- Buffer zone (20 km) : 0.7%

Areas :

- Site area : 589.7 km2

- Buffer area (5 km) : 726.5 km2

- Buffer area (20 km) : 3641.2 km2

37°300'E

Legend

D Site boundaries Forest changes

]_} 5 km buffer - Deforestation
20 km buffer I Reforestation
Sprawls

0°100"s = Roads

—+— Railways

Waterways

No analyzed zones

Image dates (date 0, date 1) Image sensors
01/10/2003, 10/08/2008 LANDSAT
01/10/1998, 02/02/2010 seot
30/01/1995, 23/05/2013
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Coordinate System: WGS 1984 UTM Zone 375
Projection: Transverse Mercator
Datum: WGS 1984
False Easting: 500.000,0000
False Northing: 10.000.000,0000
Central Meridian: 39,0000
Scale Factor: 0,9996
Latitude Of Origin: 0,0000
Units: Meter
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Conclusion
« Precise change detection tool has been developed,
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