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Opportunities for Forest and

Landscape Restoration in Africa @ Land use systems of the world

LADy Sub-Saharan Africa
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Restoration — FLR - What does it mean?

 “a[planned] process that aims to regain
ecological integrity and enhance human
wellbeing in a deforested or degraded forest
landscape” (ucn/wwer 2000)

 FLR broadens the scope of restoration to
consider the entire landscape and explicitly

incorporates human activities and needs
(Mansourian et al., 2005; Lamb et al., 2012; Stanturf et al. 2015)

www.worldagroforestry.org



The broader scope of FLR integrates
Agroforestry

ICRAF — The World

e Agriculture with trees Agroforestry Centre

— Interaction of agriculture and
forestry involving farmers,
livestock, trees and forests at
multiple scales

— Focus on ‘polycultures’ with
trees to produce food, fibre,
fuel, timber and other products;

“Transforming Lives and

— and to produce environmental Landscapes with Trees”

services (shelter, soil and water
conservation, carbon
sequestration and biodiversity)

www.worldagroforestry.org



The importance of agroforestry in restoration
confirmed by ROAM

REPUBLIC OF RWANDA REPUBLIC OF UGANDA
I\I 1

Forest Landscape Restoration

Opportunity Assessment for Rwanda Forest Landscape Restoration

September, 2014 Opportunity Assessment for Uganda

2016

e Like e.g. in Rwanda and Uganda, where Agroforestry comes up as one of the main

priorities for restoration
www.worldagroforestry.org



Aspirations of agroforestry in FLR

1. Optimizing the contribution of trees to agricultural systems
at nested scales will deliver multiple benefits to people and
the planet;

2. Fine-scale variation and diversity of species, systems, life-
forms, contexts and options are assets rather than hurdles;

3. It is possible to go to scale up agroforestry in time because
we have the tools, evidence and an understanding of the
kinds of partnerships that will succeed. However, challenges
remain.

Prabhu et al. 2015 Agroforestry: Realizing
the promise of an agroecological approach

www.worldagroforestry.org



Foci of agroforestry in restoration

(overview of this presentation)

e Mitigation of climate change
— Biochemical (carbon sequestration)
— Biophysical (radiative and non-radiative effects (water))

e Adaptation

— Environmental and economic resilience (biodiversity, soils, ROI)
* Productivity of mixed systems
* Closing the yield gap

e Adequate planting material (“tree genetic resources” often

constitutes a bottleneck in (successful) large-scale restoration (es.
Broadhearst et al. 2016, BioScience 66: 73—79. do0i:10.1093/biosci/biv155)

— The seed challenge

www.worldagroforestry.org



Trees in forest (%)

I Water bodies

The foresters’ view of the world : global
forest area

(Source: CGIAR Consortium research program 6 Forests, trees and
agroforestry: Livelihoods, landscapes and governance)

www.worldagroforestry.org

FAO Forest Resources Assessment
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The agroforestry view of the world: trees
outside forests

(Source: CGIAR Consortium research program 6 Forests, trees and
agroforestry: Livelihoods, landscapes and governance)
www.worldagroforestry.org Zomer et al 2009’ 2014’ 2016



Trees onfarm (%) Trees in forest (%)
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The Tree Diversity view of the world

(Source: CGIAR Consortium research program 6 Forests, trees and
agroforestry: Livelihoods, landscapes and governance)

Global tree cover inside and outside forest, according to the Global Land Cover 2000
dataset, the FAO spatial data on farms versus forest, and the analysis by Zomer et al.

V\(%wldm%jstry.org
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Global tree cover on agricultural land 2010. Approximately 40% of all agricultural land in the

Zomer et al. 2016

year 2000 had at least 10% tree cover (which corresponds to the FAO definition of forest). This

increased by 3.7% by the 2010, to account for more than 43% of all agricultural land under
some variation of agroforestry approaches. Based on this current analysis, these land-use
types represent over 1 billion hectares of land and provide subsistence to more than 900
million people

www.worldagroforestry.org

Zomer et al. 2016 NATURE Scientific Reports | 6:29987 | DOI: 10.1038/srep29987



Foci of agroforestry in restoration

(overview of this presentation)

e Mitigation of climate change
— Biochemical (carbon sequestration)
— Biophysical (radiative and non-radiative effects (water))

e Adaptation

— Environmental and economic resilience (biodiversity, soils, ROI)
e Productivity of mixed systems
e Closing the yield gap

 Adequate planting material (“tree genetic resources” often
constitutes a bottleneck in (successful) large-scale
restoration

— The seed challenge

www.worldagroforestry.org



Biomass Carbon on Agricultural Land - 2010

e |PCC estimate 5 t/ha on average (above and below ground)
e Zomer et al. estimate 21.4 t/ha in 2010

e Large regional variation

e Potential for increase remain

www.worldagroforestry.org
Zomer et al. 2016 NATURE Scientific Reports | 6:29987 | DOI: 10.1038/srep



Change in Biomass Carbon on Agricultural Land - 2000 - 2010
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e Change varies over time: stable, increasing or decreasing

 What makes the difference?

* Interactions between climate and soil and crop production (moisture, temperature,
nutrient levels, N fixation)

 Management regimes favouring both above ground biomass and SOC

www.worldagroforestry.org
Zomer et al. 2016 NATURE Scientific Reports | 6:29987 | DOI: 10.1038/srep29987
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(tCDR) is not a viable option for
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The limits to global-warming mitigation by terrestrial carbon
removal

Lena R. Boysen'?3#*2, Wolfgang Lucht'?3{, Dieter Gerten'?, Vera Heck'*(*), Timothy M. Lenton’,
and Hans Joachim Schellnhuber™®

"Research Domain |: Earth System Analysis, Potsdam Institute for Climate Impact Research, Potsdam, Germany,
2Department of Geography, Humboldt-Universitit zu Berlin, Berlin, Germany, 3Integrative Research Institute on
Transformations of Human-Environment Systems, Berlin, Germany, 4Land in the Earth System, Max-Planck Institute for
Meteorology, Hamburg, Germany, >College of Life and Environmental Sciences, Geography, University of Exeter, Exeter,
UK, ®Stockholm Resilience Centre, Stockholm University, Stockholm, Sweden

Abstract Massive near-term greenhouse gas emissions reduction is a precondition for staying “well
below 2°C" global warming as envisaged by the Paris Agreement. Furthermore, extensive terrestrial car-
bon dioxide removal (tCDR) through managed biomass growth and subsequent carbon capture and stor-
age is required to avoid temperature “overshoot” in most pertinent scenarios. Here, we address two major
issues: First, we calculate the extent of tCDR required to “repair” delayed or insufficient emissions reduc-
tion policies unable to prevent global mean temperature rise of 2.5°C or even 4.5°C above pre-industrial
level. Our results show that those tCDR measures are unable to counteract “business-as-usual” emis-
sions without eliminating virtually all natural ecosystems. Even if considerable (Representative Concentra-
tion Pathway 4.5 [RCP4.5]) emissions reductions are assumed, tCDR with 50% storage efficiency requires
>1.1 Gha of the most productive agricultural areas or the elimination of >50% of natural forests. In addi-
tion, >100 MtN/yr fertilizers would be needed to remove the roughly 320 GtC foreseen in these scenarios.
Such interventions would severely compromise food production and/or biosphere functioning. Second,
we reanalyze the requirements for achieving the 160-190 GtC tCDR that would complement strong mit-
igation action (RCP2.6) in order to avoid 2°C overshoot anytime. We find that a combination of high irri-
gation water input and/or more efficient conversion to stored carbon is necessary. In the face of severe
trade-offs with society and the biosphere, we conclude that large-scale tCDR is not a viable alternative

to aggressive emissions reduction. However, we argue that tCDR might serve as a valuable "supporting
actor” for strong mitigation if sustainable schemes are established immediately.

Boysen et al (2017), Earth’s Future, 5, doi:10.1002/2016EF000469
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Figure 1. (a) Cumulative emission pathways leading to a mean global warming of 1.7°C (Representative Concentration Pathway 2.6 [RCP2.61), 2.5°C, and 4.5°C by 2100, respectively.
Dots indicate the starting points of terrestrial carbon dioxide removal (tCDR) assumed here. Climate projections for the upper two graphs were retrieved with a pattern-scaling
approach applied on five CMIP3 models [Heinke et al., 2013] while the RCP2.6 climate was retrieved from CMIP5 simulations. (b) Areas considered for tCDR in the studied conversion
scenarios. Values are given as % fraction of 0.5° x 0.5° grid cells for scenarios listed in Table 1. Note that only the dominant fraction of either natural or agricultural land in each cell is

displayed.

o 45°C
& 2000

o

% 1500 Startof tCDR

(0] 2.5°C
&)

% 1000

@ 1.7°C
c

.2 500

@ 2

£ i

@ [T T T T T T T T T ]

© 2005 2050 2100

(b)

(BAU)

(RCP2.6) :

Natural lands
Agricultural lands

O 100% @ 25% @ 10%

0O 100% O 25% ™ 10%

(a) (b) (c)
200 400
O 175 | CEff=90%
o 150 350 = CEff=75%
= 300 CEff=50%
125
% 100 - 250
= required bicenergy
8 75 =" 200 production in RCP2.6 P
2 7 | 150 “
T 50 7 Z #
o 55 s - 100 4 4
& e "~ 50 e y
£ 0 |l z* %
8 25 0 -—‘- --------------------------- = ‘ ----------------------------
-50 1 1 1 1 -50 1 I 1 1 1 1 1 1
2000 2040 2080 2000 2040 2080 2000 2040 2080

=== HadGEM2-ES === MPI-ESM-MR === |PSL-CM5A-MR === CanESM2 === MIROC-ESM-CHEM

Figure 3. Terrestrial carbon dioxide removal (tCDR) potentials (GtC) for rain-fed (a), sustainably (b) and unrestrictedly irrigated (c) biomass-producing plantations in combination
with conversion efficiencies (CEff) of 50%, 75%, and 90% (shading) and for different climate models input for LPJmL (colors). The gray horizontal bar denotes the required tCDR of

Representative Concentration Pathway 2.6 of 160-190 GtC.

Boysen et al (2017), Earth’s Future, 5, doi:10.1002/2016EF000469
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Carbon in standing volume under different
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The global carbon budget (Gt C per year) for two periods

Sources and sinks (Gt/yr) 1990-1999 | 2000-2007
Sources (C emissions)

e Fossil fuel and cement 6.5+0.4 7.6+0.4
e Land-use change 1.5+0.7 1.1+0.7
e Total sources 8.0+0.8 8.7+0.8
Sinks (C uptake)

e Atmosphere 3.2+0.1 41+0.1
e QOcean 22+04 231204
e Terrestrial (‘established’ forests) | 2.5+0.4 23+0.5
e Total sinks 7.9+0.6 8.7+0.7
e Global residuals 0.1+1.0 0.0+1.0

Pan et al. 2011

 Famous table published by Pan et al in Science 2011

» Established forest lands not just as a stock but as a persistent sink for carbon

of high importance for the stability of our climate

(after Pan et al. 2011) and in 2010 (CO, Earth, http://co2now.org/Current-CO2/CO2-Now/global-carbon-emissions.html)

www.worldagroforestry.org
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The global carbon budget (Gt C per year)

Sources and sinks (Gt/yr) 1990- 2000- 2010 | 2014
1999 2007
Sources (C emissions)
Fossil fuel and cement 6.5+0.4 7.6+0.4 9.1 9.8
Land-use change 1.5+0.7 1.1+0.7 0.9 1.1
Total sources 8.0+0.8 8.7+0.8 10 10.9
Sinks (C uptake) Pan et al. 2011,
Atmosphere 3.2+0.1 41+0.1 5.0 3.9 | CO, Earth, Global CO, emmissions website
Ocean 22104 23104 2.4 2.9
Residual terrestrial sink 2.6 2.4 2.6 4.1
Total sinks 7.9+0.6 8.7+0.7 10 10.9

Terrestrial (‘established 25+0.4 23+0.5 26 2

forests’)

Planted Forests/Trees 1.2 1.4 1.6 ? Carle & Holmgren 2008
Restoration 0.29 | IUCN 2011 (150 million ha over 50 years)
TOF/Agroforestry 0.2 0.2 ? Zomer et al. 2009, 2014, 2016

 The table by Pan et al with added rows and columns based on different
sources
* The potential of planted forests, restoration and agroforestry is huge

www.worldagroforestry.org



Bala et al. 2007. Proc. Natl. Acad. Sci. 104, 6550-6555. doi:http://dx.doi.org/10.1073/ pnas.0608998104.
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The biophysical role of tree cover in the energy and water cycles

Change in soil moisture (green) and surface temperature (blue) during summer (dark) and
over the year (light) as a result of restoration (increasing savanna woodlands under a global

warming scenario) 5. .
i A modelling study of
- - © woodland restoration
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Figure 5. Summary of simulated changes in surface temperatures and near surface soil moisture between
Partial Restoration and Maximum Crop for the 2056-2075 period under RCP8.5. Area average changes over
restored regions of Australia (all restored regions), Western Australia, Queensland and southeast Australia are
presented for summer (darker colour) and annual (lighter colour). Figure was created using Adobe [llustrator . . .
Version CC2015(19.2.0), (http://www.adobe.com/au/products/illustrator.html#). The blophvsu:al role of tree cover in the energy and water CVC'ES
Syktus and McAlpine 2016 More than carbon sequestration: Biophysical climate benefits of F PR
restored savanna woodlands Nature Scientific Reports | 6:29194 | DOI: 10.1038/5rep29194 Net-effect of LCMC on radiative and non-radiative) forces orest COAVEF gainin
most regions south
a 1951-2000 AT, Farest ¢+ GRA d V351-2010 AT, Fotest ++ CRO
= e >050 tof the nc;rtllwtrl: .
° ° ’_. AR emperate latituaes
Global simulation of the < e | leadsto notable

local annual cooling

combined effect of land cover
and land management change
(LCMC) on temperature : forest
cover gain in most regions south
of the northern temperate
latitudes leads to notable local
annual cooling

A %)

Bright et al. 2017

{Jenuue )

Figure 4 | Local of local ion. ad, The grid cell AT, attributable to the net conversion of forests to/from grasslands or croplands

WWW.Wor I d ag rofo restry‘ 0 rg between 1951 and 2010, b, The grid cell AT, from LOMC relative to that which is attributable to the global mean COy radiative forcing between 1951 and

2010, ef, The local AT, fram the re-/affarestation of grassiands or croplands (see Methods and Supplementary Infarmation). ‘Forests” equal the mean of
ENF and DEF in the boreal and temperate zones, and EBF in the tropics.

Brightet al. 2017 NATURE CLIMATE CHANGE DOI: 10.1038/NCLIMATE3250



Tree density and ground water recharge in the seasonally dry tropics

[l Transpiration and interception [} Surface runoff  [7] Soil evaporation  [[] Infiltration [} Groundwater recharge

In the tropics,
agroforestry result in
increased infiltration
capacity (lIstedt et al,,
2007).

Fraction of rainfall

Intermediate tree
densities on degraded
lands may maximize
groundwater recharge
Canopy cover (llstedt et al., 2016).

Open (degraded) Intermediate Closed productive

Figure 1. Conceptual water budget of the optimum tree cover theory. Optimum groundwater recharge
occurs at intermediate tree cover in seasonally dry tropical areas. Without trees, surface runoft and soil
evaporation are high, leading to low groundwater recharge despite low transpiration. In closed productive
forests, despite low surface runoft and soil evaporation, total transpiration and interception are high, again
leading to low groundwater recharge. At an intermediate canopy cover, low surface runoff and evaporation as
well as intermediate transpiration optimize groundwater recharge. The pan-sharpened satellite images were
created from a WorldView-2 image from 21 October 2012 using ERDAS Imagine 2013 software (http://www.
hexagongeospatial.com/products/producer-suite/erdas-imagine).

www.worldagroforestry.org lIstedt et al. 2016 Nature Scientific Reports | 6:21930 | DOI: 10.1038/srep21930
Ellison et al. 2017 Global Environmental Change 43 (2017) 51-61, http://dx.doi.org/10.1016/j.gloenvcha.2017.01.002
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www.worldagroforestry.org lIstedt et al. 2016 Nature Scientific Reports | 6:21930 | DOI: 10.1038/srep21930
Ellison et al. 2017 Global Environmental Change 43 (2017) 51-61, http://dx.doi.org/10.1016/j.gloenvcha.2017.01.002



The global perspective of forest area composition
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The global perspective of forest area composition
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Most restoration needs are in the
‘mosaic’ (agroforestry) zone

FOREST AND LANDSCAPE RESTORATION
OPPORTUNITIES

~ Mosaic restoration

emote restorabion

www.worldagroforestry.org
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Foci of agroforestry in restoration

(overview of this presentation)

e Adaptation

— Environmental and economic resilience (biodiversity, soils, ROI)
e Productivity of mixed systems
e Closing the yield gap

www.worldagroforestry.org



Advantages of mixed systems

 Mixed systems are often ‘resource conserving’

— Nutrient recycling, Microclimate modification, Water-use efficiency,
Species diversity, Reduced agrochemical pollution (Prabhu et al. 2015)

e Many recent studies support that mixed species
or varieties (‘biodiverse’) systems are often more

productive than single species or variety systems

e Cardinale et al. 2011, Paquette and Messier 2011, Zeller et al. 2012,
Hulvey et al. 2013, Pretzsch et al. 2013a,b,c, and 2015, Zuppinger-
Dingley et al. 2014

— Over-yielding and over-density possibly result from several different
types of interactions (light-, water-, and nutrient-related).

— A better understanding of the underlying causes of over-
yielding/under-yielding is essential for both science and practice
(Pretzch et al. 2015)

www.worldagroforestry.org



The productivity-diversity debate

(a) Temperate (b) Boreal

i i
’ &
>
= U S
s . =
> <
O

Basal area Basal area

a) Temperate forest
b) Boreal forest
c) Fertile and ruderal habitats

Productivity

Diversity

A. Paquette and C. Messier 2011, Global Ecology and Biogeography,
20, 170-180, DOI: 10.1111/j.1466-8238.2010.00592.x
www.worldagroforestry.org



Biodiverse intensification
 Wider tree crown extension, multi-layering, and higher
stocking density may all contribute to ‘overyielding’

e Mixing can increase mean tree productivity (dry
matter) up to 60% and stand density up to 50%

e On average productivity increases by 25-50%

e Effects in terms of over-yielding are the highest on
poor sites and diminish the better the sites are

(a) (b) (c)
pure mixed pure

www.worldagroforestry.org (Fig. 3, Pretzsch et al 2015)
Pretch et al. (2013-2015)



C sequestration and storage comparisons
in mixed versus monoculture plantings

* Tree mixes stored > carbon as
monocultures of the mixture’s most
productive species.

* In mixed stands, in particular
nitrogen-fixing trees increased
stand biomass.

* Tree richness further includes the
contribution of diversity to total
forest carbon-pool development,
carbon-pool stability and the
provision of extra ecosystem
services.

e Suggest for carbon plantings: (1)
increased tree species richness;
and (2) the addition of species that
contribute to carbon storage and
other target functions.

C sequestration/storage

Hulvey et al 2013 NATURE CLIMATE CHANGE | VOL 3 |
OCTOBER 2013 | www.nature.com/natureclimatechange, DOI:
10.1038/NCLIMATE1862

[ N ...\P..

Tree diversity (species richness)

X; Monoculture of high-productivity trees not
included in other treatments.

a; C sequestration/storage in most diverse mixture.
b; Average C sequestered/stored in monocultures
(excluding ‘X’).

c; Most productive monoculture included in
mixtures.

d; C sequestered/stored in X.



http://www.nature.com/natureclimatechange

In grassland plants the yields of diverse plant communities are larger

than those of monocultures a b c
2002 2002 2010 2010/11 2010/11 _
Common seed Jena Experiment Plant material Cuttings and seedlings Test communit 0.8 0.6 ~
pools established collected propagated established
b 500
Mixture plots _(‘ ﬁ
-_: \. f )E; 3 @ %
ﬁr fr. ) % g 0.6 - % 0.4 g
R |-( % g % 400
v = 2 o
e ==_W§ 3 3 E
G T 2
- Monoculture plots
.}“_‘_ 0.4 - 0.2 - 300 -
':"_.’..‘7 B P2 2 ¥
AT\ ! 04 04 04
M r ¥ = 4 S [ 3 U
Mono  Mix Mono  Mix Mono  Mix
J ‘i:*‘]' Selection history
Al / Plants selected in mixtures show character
] . .
i displacement between species when
_ . _ grown in mixture.
Diverse plant communities enable higher crop
yields than monocultures because of selection 12 species over 8 years, four
for niche differentiation; plant species in functional groups (grasses,
communities occupy all niches available in small and tall herbs, and
ecosystems, enabling a more effective use of legumes
soil nutrients, light and water.
www.worldagroforestry.org Zuppinger-Dingley et al 2014. Selection for niche differentiation in plant

communities increases biodiversity effects. Nature, 515: 108-111.



The economy of mixed systems

The economic benefits of agroforestry accrue to
smallholders through

e increased on-farm profitability

* higher and more diversified income flows from the sale
of agroforestry products and services

e once lesser-known agricultural products have rapidly
emerged from obscurity to become globally known,
high value crops demanded at home and abroad

e capacity to invest their scarce productive assets in
more intensive production systems

Prabhu et al. 2015 Agroforestry: Realizing
the promise of an agroecological approach

www.worldagroforestry.org



Trews On Farm Forest Cowver (%)

S T Prevalence, Economic

Contribution, and
Determinants of Trees
on Farms across Sub-
Saharan Africa

4 Tiew Cash Crops <n 0%
* Tomas fom Timber or Fusiwood I »40%

Einiopia — . e e Trees on farms are
" widespread.
BB e On average,
Trees On Farm (old) Forest Cover (%) Primary Roule -
O ruares oo i almost a third of
®  Trees from Timber or Fustwood Bl ~40%
. Ho e Mot rural smallholders
= National Capital Secondary Roule
Provincial Capital grow treeS.
MI/
Uganda
Malawi
e\ — Ny Miller, D.C., et al., Forest Policy and Economics (2016),

http://dx.doi.org/10.1016/j.forpol.2016.12.005



Prevalence, Economic Contribution, and Determinants of Trees on Farms across SSA

- C) Nigeria
A) Ethiopia 1 )
S | S
= & 38 -
=3
=8 g
g 2
a Q-
g .
(=3 8 N
< Fruit Tree Tree Cash Crops - Fruit Tree Tree Cash Crops
B Sold N Self-Consumption Other Uses BN Sold WEEEE Sself-Consumption Other Uses
B) Malawi D)Uganda
8 Share of tree products =
by use. Figures show & |
(=1 (==
whether different
=8 - categories of trees on il
8 8
g farms were sold, used &_
=3 _ 2
for self-consumption,
8- or had other uses. &
== Fruit Tree Tree Cash Crops e Fruit Tree Tree Cash Crops
BN Sold W Self-Consumption Other Uses B Sold N self-Consumption Other Uses

* Trees account for an average of 17% of total annual gross income for tree-growing
households and 6% for all rural households

www.worldagroforestry.org Miller, D.C., et al., Forest Policy and Economics (2016),

http://dx.doi.org/10.1016/j.forpol.2016.12.005



Table 14: Results from Cost Benefit Analysis of Restoration Activities in Uganda

Agroforestry Woodlots Natural
regeneration
Discount Rate 10% 16% 10% 16% 10% 16%
Value Value Value Value Value Value

(UGX/Ha) (UGX/Ha) (UGX/Ha) (UGX/Ha) (UGX) (UGX)
Present Value of Costs 1,274,893 908,642 5,377,609 3,567,785 94,269 61,772
Present Value of Benefits 17,334,162 8,135,547 7,993,122 4,502,454 2,967,154 1,542,919
NPV 16,059,269 7,226,905 2,615,513 934,669 2,872,885 1,481,147
Benefit Cost Ratio 13.60 8.95 1.49

Cost-benefit analyses are made as part of some
ROAM planning exercises, here shown for Uganda

All restoration interventions (agroforestry, woodlots
and natural regeneration) have positive benefit cost
ratios with natural regeneration being highest,
agroforestry second and woodlots lowest.

Forest Landscape Restoration Opportunity Assessment Report for Uganda (2016),
Ministry of Water and Environment — Uganda; IUCN. x + 42pp.

1.26 31.48 24.98

S.SUDAN
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Table 13 Enterprise Budget for Agroforestry, Woodlots,
and Natural Regeneration

Agroforestry Woodlots Natural
regeneration
Value (UGX/Ha) Value Value

However, the revenue of (UGX /Ha)  (UGXha)

natural regeneration is solely VYariable costs

Pruning 20,000 50,000 -
dependent on aS.SumEd Seedlings 50,000 555,500 =
payment for environmental  Panting 10,000 222200 -

Thinning - 300,000 =

se rvices Of Ca rbon Timber harvest 3,000,000 6,000,000 -

sequestration and watershed  Fixed costs

. Site preparation 300,000 300,000 -

p rOteCt Ion Weeding 60,000 360,000 -
Protection/Patrolling 10,000 10,000 10,000
Revenue
Crop yields 1,250,000 -
Timber 35,000,000 10,500,000
Firewood 200,000 400,000 100,000
Firewood from - 400,000
second thinning
Firewood from - 10,800,000
third thinning
Above ground 840,000 1,680,000 1,680,000
biomass carbon
Belowground 1,400,000 1,400,000 1,400,000
biomass carbon
Watershed protection 346,000 346,000 346,000

Forest Landscape Restoration Opportunity Assessment Report for
Uganda (2016), Ministry of Water and Environment — Uganda;
IUCN. x + 42pp.

(quantity and quality)



Foci of agroforestry in restoration

(overview of this presentation)

 Adequate planting material (“tree genetic resources” often
constitutes a bottleneck in (successful) large-scale
restoration

— The seed challenge

www.worldagroforestry.org



The Seed challenge

A ‘back of the envelope’ estimate based on the case of
Ethiopia

e Restoration applying a mix of planting, direct
sowing and natural regeneration will require
some 250-1000 tons of seed per million ha.

e At country level a typical range of species will be
in the order of 10-20 species

e At global level this may increase to several
hundreds of species and in the order of billions
of tons of seed, not to forget large amounts of
vegetative material

www.worldagroforestry.org



Tree species diversity and within species variation
and selection

e Some 70,000 woody species exist (50,000-100,000)

e Around 8,000 are mentioned in SoW FGR (2014)

e Some 2,400 are reported as actively managed

e Around 3,000 are of known value in agroforestry

e Around 700 are included in tree improvement programmes

e Genetic level information is available for 500-600 species;
240 are included in biotechnology research

e Very few are intensively bred

e Conservation status of the genetic resources of most
species are not well known

FAO 2014 SoW FGR 2014

www.worldagroforestry.org
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About half of the nearly 8000 species in SOW FGR are reported as
threatened

www.worldagroforestry.org

FAO 2014
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Estimates of extinction risk for Amazonian plant and animal species are rare and not often incorporated into land-use
policy and conservation planning. We overlay spatial distribution models with historical and projected deforestation to
show that at least 36% and up to 57% of all Amazonian tree species are likely to qualify as globally threatened under
International Union for Conservation of Nature (IUCN) Red List criteria. If confirmed, these results would increase the num-
ber of threatened plant species on Earth by 22%. We show that the trends observed in Amazonia apply to trees through-
out the tropics, and we predict that most of the world’s >40,000 tropical tree species now qualify as globally threatened. A
gap analysis suggests that existing Amazonian protected areas and indigenous territories will protect viable populations
of most threatened species if these areas suffer no further degradation, highlighting the key roles that protected areas,
indigenous peoples, and improved governance can play in preventing large-scale extinctions in the tropics in this century.

INTRODUCTION level, where they include soil erosion (3, 4), diminished ecosystem
Amazonian forests have lost ~12% of their original extent and are  services (5-8), altered climatic patterns (5, 7, 9-11), and habitat degra-
projected to lose another 9 to 28% by 2050 (1, 2). The consequences  dation. By contrast, little is known about how historical forest loss has
of ongoing forest loss in Amazonia (here all rainforests of the Amazon  affected the population sizes of plant and animal species in the basin
basin and Guiana Shield) are relatively well understood at the ecosystem  and how ongoing deforestation will affect these populations in the future.
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Zambia

Domestication and productivity in changing
climates and to diversify production

Modelled
distribution
of Faidherbia
albida under
current and
future climate

Uganda
Kenya

Rwanda ¢

Tanzania

| Malawi absent/absent

Ethiopia

present / future

absent/present
present/absent

B present/present

Distribution and
recommendation domains
may change as a result of

Cl | mate Cha ngewan Breugel et al 2011, cf.
Dawson et al. 2014)

Modelled for 1000+ species
— more underway windeta, 2014

A challenge of
domestication is to increase
productivity and
adaptability at the same
time while exploring the
resource before it
disappears

We know how to do it (craudaieta

2014a)
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The right tree for the right place and for the right ﬁ- Agroforestry Tree Field Genebanks

World
purpose Aoiganere e
- Maacngoea
i : Henodenc e nices [ il o
A. Trees for Products - Pl S =
' ' ~ : A
s e

food & nutrition firewood medicine income sawn wood

B. Trees for Services

s

African Orphan Crops Consortium: Genome rd Diversified diet portfolios for Africa: year round consumption of

nutritious foods (tree foods and vegetables), an agroforestry
approach to addressing nutrition and food gaps

Sequencing Rationale

~ R
Phase Il e i =
T ' ! s Fruit Tree Portfolios for
» = . i Improved Diets and Nutrition
y— gy =
Value A'd'ded ; % . a in Siaya County, Kenya
PI'OPOSItIOI'IS 3 \ H 9 How to usa the dhversity of differont fruit troo
Hl Ii I H I ._I * spacios a‘:\;ll.\isl‘? in aw‘\coun?:ron_mme
. | ‘ ther nutrition Tor arming
Trait Tool Box B Ta Bl o Y o

Improved Seed
== o
Innovations
Gene discovery Trait marker association
SNP discovery Population improvement Food Processing
Promoter discovery Variety/clone improvement | 1
] R Pharmaceuticals I : EEEEEE =l
SNP Chips/arrays I " = ] I I |
Yield o | [ |
Nutraceuticals L b 1) il [N ] D] (8 01 [ 1 [
The frut e portiolo for Kasamega County, COmDnses of 3 sekecton of 10 fat e speces Elus Tvocado)

Resistance

to diseases econpically suted ) the ares which con De Drmoted 10 meted Bar found harvest Needs snd oenirbute
owarts supplving pro-vitamn A snd vitamin G in pecpie’s det. Fatings of beta carotens (vitamis A) ond
relEen s New Technology msepyis ooy bty ool hueseid gl o
vitaTen A Fagh cornern of
\www worldagroforeg{ry.onrge . LIS i s s s e
- — other impor par y fat conterd fa 1463 provids 21% Dady

resiliénce ) Ameuet Frusting

Hendre et al.



Major bottlenecks in input supply and
demand with a broken chain of
availability information and value
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flowering, collect seed from best
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Specific challenges with respect to
reproductive material

* Innovations in field testing to address
multiplicity of species and functions

e Link between domestication/breeding and
delivery to enable scaling up

e Efficiency of delivery systems (knowledge,
standards, ‘trust and traceability)

www.worldagroforestry.org
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Impact: Enhancing productivity and
resilience of FLR in Ethiopia

e 20 million ha of FLR in 20 years

e Cost of planting material alone > 3.3 billion
USS (around 70 billion birr)

e [nvestment in more productive and resilient
material 5% | >

e Benefit 60% higher productivity of more
diverse (resilient) material and more diverse
production

e Based on a catalytic investment in this
programme of less than 0.2%

www.worldagroforestry.org




Conclusions: FLR and the integration of trees in
agricultural landscapes

e Agroforestry and trees in mosaic
agricultural landscapes can be
among the major tools to achieve
large scale restoration

— The environmental and economic

benefits are huge but needs to be
better quantified and documented

 Proper context matching at
species and genetic level can be
considered a necessary condition
(but of course not a sufficient one in itself) tO
achieve the ambitions of the Bonn
Challenge and other international
commitments, like e.g. SDGs 2, 13
and 15
— Mobilization of the ‘biodiversity’
resource (species and genetic) to
achieve this is critical and a matter

of urgency to avoid serious losses of

this resource
www.worldagroforestry.org T

FOREST AND LANDSCAPE RESTORATION
OPPORTUNITIES

Increasing seed quality — level of imprc




FLR is therefore high priority in the CGIAR 2017-

Genetic erosion 2022 Research Programme on Forests, Trees and
prevented by
e Agroforestry (FTA)
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© Raw material f6r domestication,
sustained by safeguarding

Improved material from
domestication, delivered by seed
systems and placed in context
with other FPs, especially
‘livelihoods’ and ‘landscapes’

In the new FTA flagship on tree genetic resources
2017-2022, restoration is a major priority area

www.worldagroforestry.org
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