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Long-term forest degradation surpasses deforestation
in the Brazilian Amazon

ERALDC APARECICO TRONDOLI MATRICARDI . DAVID LEWIS SKOLE , OLIVIA BUENO COSTA . MARCOS ANTONIC PECLOWSKI , JAY HOWARD SAMEK, AND
EDER PEREIRA MIGUEL Authors Info & Affiliations
SCIENCE - 11 Sep 2020 -« Vecl369, lssu=6509 - pp. 1378-1382 - DOI: 10.1125/science.abb3021

Article

Direct Measurement of Forest Degradation Rates in Malawi:

Toward a National Forest Monitoring System to
Support REDD+

David L. Skole *{, Jay H. Samek ?, Cheikh Mbow 1'?', Michael Chirwa 3, Dan Ndalowa 14, Tangu Tumeo 3,
Daud Kachamba °, Judith Kamoto °(), Alfred Chioza ° and Francis Kamangadazi *




Degraded Forest Landscapes




Significant degradation occurring outside of forest landscapes
But slowing considerably in recent years.

2000-2009: Area (ha) Rate (ha yr-1)
Deforested Degraded Deforested Degraded
Intact forests, forest reserves and protected areas 39,661 248 576 4407 27,620
Customary forests + trees on agricultural land 162,028 138,072 18,003 15,241
TOTAL 201,689 386,648 22,410 42,961
2010-2015:
Deforested Degraded Deforested Degraded
Intact forests, forest reserves and protected areas 136,040 309,694 22,673 56
Customary forests + trees on agricultural land 97,584 121,572 16,264 20,262
TOTAL 233,624 431,266 38,937 25,423
2016-2022:
Deforested Degraded Deforested Degraded
Intact forests, forest reserves and protected areas 575 157,851 9,529 26,309
Customary forests + trees on agricultural land 78,662 102,874 13,110 17,146
TOTAL 135,837 260,725 22,640 43,454

How much Forest land available for restoration?
How much non Forest land available for tree restoration?

Skole, D.L., Samek, J.H., Mbow, C., Chirwa, M., Ndalowa, D., Tumeo, T., Kachamba, D., Kamoto, J., Chioza, A.
and Kamangadazi, F., 2021. Direct measurement of forest degradation rates in Malawi: toward a national

forest monitoring system to support REDD+. Forests, 12(4), p.426.
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Trees outside of forests as natural climate

solutions

Trees outside of forests are numerous and can be important carbon sinks, while also providing ecosystem services
and benefits to livelihoods. New monitoring tools highlight the crucial contribution they can make to strategies for

both mitigation and adaptation.

David L. Skole, Cheikh Mbow, Maurice Mugabowindekwe, Martin S. Brandt and Jay H. Samek

igh-biomass natural forests are

an important focal point for

climate change mitigation action
and thus are targets of large public and
private investments, particularly in
developing countries in the tropics. The
most prominent international forest
initiative for climate change mitigation
is the framework for reducing emissions
from deforestation and forest degradation
in developing countries, or REDD+,
which emphasizes closed canopy tropical
forests. However, with emerging new
capabilities for measuring and mapping
trees outside forests (TOF), especially
using new Earth-observation methods,
there will be a missed opportunity if the
mitigation dialogue does not include a
range of non-forest tree-based systems,
which could provide broad additional
benefits, including landscape restoration,
conservation of biodiversity and enhancing
the livelihoods of more than a billion
people, many of whom live in extreme

poverty’.

economic value as compared to annual
crops (Fig. 1).

Worldwide, there are many non-forest
landscapes with considerable tree cover and
increasing biomass, which are important sinks
for carbon®. An interesting recent analysis®
mapped more than 1.8 billion isolated trees
outside of forests across 1.3 million ha in
West Africa, which is a relatively high and
unexpected density of trees in areas previously
thought to be desert or highly degraded
savannah. These trees are both widely spaced
natural trees and tree-based production
systems actively managed by local farmers.
We estimate that the carbon stocks here
could be up to 22 MgC ha', which is higher
than what was estimated in global biomass
mapping’ and is thus essentially hidden from
the international dialogue on natural climate
solutions.

Some studies have suggested that
extensive areas of TOF, and the trend that
this area is increasing, are attributed to
actions promoted and mediated by farmers
as a deliberate way to capture market

Fig. 1] Trees outside of forests in central Malawi.
Naturally occurring trees and farmer-managed
tree-based systems provide a range of ecosystem
services and livelihood benefits, are often
intentionally promoted across agricultural
landscapes and provide opportunities for carbon
sequestration. Credit: D. L. Skole.

from 1.8 Mg ha™ yr! to 10 Mg ha! yr!
as compared with 0.6 Mg ha! yr! for
conservation agriculture’. Agroforestry is
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Nation-wide mapping of tree-level
aboveground carbonstocksinRwanda
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The consistent monitoring of trees both inside and outside of forests is key to
sustainable land management. Current monitoring systems either ignore trees
outside forests or are too expensive to be applied consistently across coun-
tries on a repeated basis. Here we use the PlanetScope nanosatellite con-
stellation, which delivers global very high-resolution daily imagery, to map
both forest and non-forest tree cover for continental Africa using images from
a single year. Our prototype map of 2019 (RMSE = 9.57%, bias = -6.9%).
demonstrates that a precise assessment of all tree-based ecosystems is pos-
sible at continental scale, and reveals that 29% of tree cover is found outside
areas previously classified as tree cover in state-of-the-art maps, such as in
croplands and grassland. Such accurate mapping of tree cover down to the



National-scale Individual Tree Carbon Mapping
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Continental-scale individual tree
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Proof of Concept in Senegalese Savannas
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Allometric Scaling Model Training and Testing
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Two Options: Direct and Indirect estimators

Direct crown model
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DBH vs Crown Diameter for 1,663 single stem trees at Rukinga Ranch in eastern Kenya DBH vs Crown Diameter for 1,127 trees in western Kenya
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An example model from Kenya

DBH Predicted from Crown Projection Area

(n=207, Western Kenya)
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Estimated DBH (cm)

Rwanda Model Performance:
Estimated DBH from Remote Sensing CPA
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75% of trees and 49% of carbon in TOF
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29% of tree cover is found outside areas previously classified as tree
cover in state-of-the-art maps, such as in croplands and grassland.
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Some Countries have
significant TOF
contributions to total
tree cover
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Sample Frame and Sample Allocation
Model Training and Testing in Malawi
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Malawi Prototype AFR100 Project Site:

National Model Development
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Landscape wide carbon estimate in TOF: A) Landscape crowns B) Plot scale showing
mated




Legend

5600 2,800 0 5,600 Meters
- Ee— [ ] Areeca FLR Area
:l Mvai Forest Reserve

Total C per 1/4 ha
) ) B co00-0.10
Carbon in Project 0.11-030

* 148,722 Metric tC o

0.51-1.00

* 2.93 MetrictCperha. o150

. . B 151-2.30
* Maximum is ~9 tC per ha.ggm ;51000




Re-imagining REDD+ in a Landscape Perspective
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