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fAPAR, phenology, LAI, water Land cover / use; fires, pests, wind throw,
stress, standing biomass, crop cover; harvest; Snow, floods, pollution
atmospheric CO, pastures; forest
management

Plant respiration Decomposition Disturbance

co,

Photosynthesis

GPP NPP NEP
Net Biome Production:
Long term carbon uptake
Days Months, years Years, Centuries

After D. Mollicone after Buchmann and Schulze, 1999



31% of land surface covered by forest (4 bn ha)
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. Vegetation Type, Density Anthropogenic
. Soil Type Land-Use Change

Source IPCC TAR, 2001, FAO FRA 2010 Picture credits, crisisobserver.com, bioblog
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Decision 4/CP.15

Methodological guidance for activities relating to reducing emissions from
deforestation and forest degradation and the role of conservation,
sustainable management of forests and enhancement of forest
carbon stocks in developing countries



Decision 4/CP.15

FCCC/CP/2009/11/Add.1
Page 12

(d) To establish, according to national circumstances and capabilities, robust and transparent
national forest' monitoring systems and, if appropriate, sub-national systems as part of
national monitoring systems that:

(1) Use a combination of remote sensing and ground-based forest carbon inventory
approaches for estimating, as appropriate, anthropogenic forest-related
greenhouse gas emissions by sources and removals by sinks, forest carbon stocks
and forest area changes;

(11) Provide estimates that are transparent, consistent, as far as possible accurate, and
that reduce uncertainties, taking into account national capabilities and capacities;

(111) Are transparent and their results are available and suitable for review as agreed
by the Conference of the Parties;



Accurate reporting of global forest resources —the
Forest Resource Assessments

« Country reports;
Essential basis for
global reporting if more
than land cover are
desired

 Remote sensing;
Systematic, uniform,
Independent, neutral,
verifiable

Picture credits FAO FRA 2010 Key findings
USGS Landsat 5 P231 R 67 22" July 2011




A role for Earth Observation technologies

« Satellite Observations can provide

a) uniform coverage of any given
country (and indeed the globe)

b) consistent international B T
georeferenced databases i e

c) annual measures of land cover areas [ &
and changes o

d) measurements of biomass (albeit not F
dlrECtly) éicrg\(lzvl:km

e) measurements of areas of
disturbance (fire, wind throw, insects)

. . | .B;;r;ln s hi wﬂ ) o
f) observations going back to 1972 (and gggm;izogng h

even beyond with the declassification —EEESNA
of early military satellite imagery) 'R

g) potential for independent verification

Image and interpretation H-J. Stibig JRC



Source Bartholome et al JRC
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EVA HD, et al. 2004, A land cover map of South
America, Global Change Biology, 10 (5), 731-744
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Landsat courtesy \
USGS and NASA N
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Landsat courtesy
USGS and NASA
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EVA HD, et al. 2004, A land cover map of South
America, Global Change Biology, 10 (5), 731-744
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EVA HD, et al. 2004, A land cover map of South
America, Global Change Biology, 10 (5), 731-744
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Landsat courtesy USGS and NASA

July 1972



Landsat courtesy USGS and NASA

August 1984




Landsat ourtesy USGS and NASA

September 1985




Landsat courtesy USGS and NASA

September 1987




Landsat courtesy USGS and NASA

December 1987




Landsat courtesy USGS and NASA

February 1988




Landsat courtesy USGS and NASA

September 1988




Landsat courtesy USGS and NASA

September 1989
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STIBIG H-J.et al., 2007. A land cover map for South and Southeast Asia derived from
SPOT-4 VEGETATION data. Journal of Biogeography, 34, 625 - 637
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Images MODIS (2004) and ALOS (2007)
Indonesia: Central Sumatra - Riau province Window size: 190 x 275 km




Images MODIS (2004) and ALOS (2007)
Indonesia: Central Sumatra - Riau province Window size: 190 x 275 km




MAYAUX, P., et al., 2004, Journal of
Biogeography 31 (6), 861-877

Photo credit: Reuters, and Paulin Ngobobo, WildlifeDirect
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West Africa and the Congo Basin - exports of logs* to China, the EU and elsewhere (excludes plantation logs)

Source http://www.globaltimber.org.uk/africa.htn
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Forest Law Enforcement, Governance and Trade

« Control of illegal logging in Cameroon and
Indonesia avoided tax losses of $4 billion between
2001 and 2006

 Forest reforms in Cameroon since 1994 saw tax
revenues go from zero to $50 m/yr in 2004

Source: Statistics - lllegal Logging and Related Trade:
2008 Assessment of the Global Response (Pilot
Study), Chatham House, August 2008,
http://www.illegal-logging.info/indicators

Photo: http://www.africanews.com/ Cameroon
introduces wood tracking system, posted 17" June
2010



http://www.illegal-logging.info/indicators
http://www.africanews.com/
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21 March 2012 Last updated at 01:11 GMT

report says
By Richard Black

Environment correspondent

lllegal logging generates $10-15bn (£7.5-
11bn) around the world, according to new
analysis from the World Bank.

Its report, Justice for Forests, says that most
illegal logging operations are run by organised
crime, and much of the profit goes to corrupt
officials.

Countries affected include Indonesia,
Madagascar and several in West Africa.

The bank says that pursuing loggers through

and urges others to do the same.

lllegal logging makes billions for gangs,

the criminal justice system has made a major impact in some nations, Related Stories

It also recommends that aid donors should fund programmes that
strengthen the capacity of law enforcement and legal authorities to tackle  geaths

(17 1< snare | (RS

pe \/
lllegal logging has been blamed for a number of
flooding incidents, notably in the Philippines

Logging blamed for
Philippine flood




Systematic sampling - 4016 sample sites

Tropical Latin America &
Caribbean (LAC):
1230 sample sites

South and Southeast Asia plus
PNG and the Solomon Islands
(SEA):

Sub-Saharan Africa
(AFR):2045 sample
sites

1990 N .
zojoo '\_L : tT )

Samples are 20km x 20km size




N4 E117 Borneo / E-Kalimantan-North

N4 E117 Borneo / E-Kalimantan-North (Mentarang): Inland Swamp Forests / Oil Palm




Don’t always believe the map...

IGBP DIS-cover GLC2000 map
map



Examples of Error

 Geolocation; absolute and relative
« Thematic content - misclassification

— Errors of omission; where the thematic class represented in the
final map is incomplete, i.e some areas of the target feature are
not mapped — the map fails to depict the target feature

— Errors of commission; where the thematic class represented in
the final map contains elements from different target features, i.e.
some areas of the thematic class do not correspond to the
associated target feature — the map depicts target features
incorrectly

* Omission leads to under-estimation, commission to over-
estimation... by chance these errors could cancel each other out in
terms of area, and still leave you with an inaccurate map



Validation and reference data (“ground-truth™)

* |n situ observations and
measurements

 Species, populations and biome
composition

« Population densities and spatial
distribution

« Landscape characteristics
 Soil characteristics
« Biomass

 |n situ has high cost, time :
constraints, access restrictions —
both physical and legal, nor are
they error free

e Surrogates are often used (air
photo, VHR imagery)

— Suitabllity, selection, preparation
and analysis

— Own errors to be considered







Interpreting the confusion matrix

Predicted (Mapped Data)

Not-
n =295 Harvested [Harvested |Row Total
Not-
Actual Harvested 84 9 93
(Reference
Data) Harvested 22 180 202
Column
Total 106 189 295

Omission (Not-Harvested) = 84/93 90%

Commission (Not-Harvested) = 84/106 79%

Commission (Harvested) = 180/189 95%

Omission (Harvested) = 180/ 202 89%
Overall accuracy = 264 / 295 89%




Interpreting the confusion matrix

Predicted (Mapped Data)

Not-

accuracy

n =295 Harvested |Harvested |Row Total
Not-
Actual Harvested 93 User’s
(Reference accuracy
Data) Harvested 22
Column
Total 106
. N
Errors may not
Producer’ s all have equal

Importance...



Forest area estimates for year 2010 and annual deforestation
1990-2000 & 2000-2010 (million ha & million ha per year)

Source FAO Country Survey JRC RSS
Forest Net loss Net loss Forest Net loss Net loss
Region 2010 1990-2000 | 2000-2010 2010 1990-2000 | 2000-2010
South America 843 4.30 4.07 743 2.85 2.84
Africa 666 4.08 3.44 485 1.42 1.65
Southeast Asia 324 2.53 0.78 286 1.78 1.44

Afforestation
India Photo: K. Ramesh Babu The Hindu

2004

Reforestation
Brazil Photo: Reserva Ecologica De Guapi Assul

Ao !

Deforestation
South Kivu DRC Photo: CIRAD S. Bouderbala




® ® " Global Forest Change X

& (& https://earthenginepartners.appspot.com/science-2013-global-forest N

Global Forest Change

2 UNIVERSITY OF

DEPARTMENT OF GEOGRAPHICAL SCIENCES

Results from time-series analysis of Landsat images
characterizing forest extent and change.

Trees are defined as vegetation taller than 5min
height and are expressed as a percentage per output
grid cell as ‘2000 Percent Tree Cover'. ‘Forest Cover
Loss' is defined as a stand-replacement disturbance,
or a change from a forest to non-forest state, during
the period 2000-2014. ‘Forest Cover Gain' is defined
as the inverse of loss, or a non-forest to forest
change entirely within the period 2000-2012. ‘Forest
Loss Year' is a disaggregation of total ‘Forest Loss'
to annual time scales.

Reference 2000 and 2014 imagery are median
observations from a set of quality assessment-
passed growing season observations.
Download the data.

Reset to default view

v Data Products
Forest Loss Year (2014 Highlight) H

Other Data Layers
Tropical Hinterland Forests a

Background Imagery
Year 2000 Bands 5/4/3 &)

Map data ©2016 | 1000 km o1 | Terms of Use

Published by Hansen, Potapov, Moore, Hancher et al. - Powered by Google Earth Engine - Help

https://earthenginepartners.appspot.com/science-2013-global-forest

Published by Hansen, Potapov, Moore, Hancher et al.
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Photo credit Thomas Faivre-Duboz
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Summary

D Where are the world’s forests found?
@ Where is forest cover changing?
@ What are the reasons for this change?

@ EO is able to quantify these changes and hel o
attribute causes. X

Source; USGS S01_W053_tm_226-061_23081986
S01_WO053 _etm_226-061_08042003; segmentation JRC




