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Synopsis/abstract

Agroforestry with a strong market-oriented component of tree crops but also supporting
local agroecosystem functions can be analysed and understood in multiple ways,
building on many disciplinary traditions and using their terminology and concepts.
Characterization of context and choices, plus understanding relationships and feedbacks
is essential for appreciating ‘options in context’ and the way these change over time.
Beyond observer roles, active engagement as agent of induced change to help make the
world a better place has since long been the ambition of advocates of agroforestry. As
a background to such endeavours , this publication introduces more than one hundred
aspects, visually and with a short text, providing references to more specialized literature.
Aspects include: A) Characterization of structure in existing land use can lead to a Theory
of Place (ToP: patterns answering what?, where?, who? questions), B) Diagnosis of
functions influenced by changing practices and systems can lead to a Theory of Change
(ToC: patterns in answering how?, why?, since when?, so what? and who cares?), C)
Assessments of leverage points for adaptive, transformative and re-imaginative change
can lead to a project-design Theory of Induced Change (ToIC), D) Research methods for
ecological, agronomic, social, economic and policy-oriented research require clarity on
units of analysis and scale relations of observable properties in relation to questions and
hypotheses, E) Guidance on how research methods need to match the stage of public issue
cycle debate to contribute to policy reform.
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Introduction

A forthcoming book on tree crops focussed on Africa presents ideas, experience and
perspectives on tree crop commodities and their relationship with agroforestry, presented
from a range of disciplinary backgrounds. Each of these tends to have its own traditions
of concepts, terminology, typologies and research methods, which the reader may not be
familiar with, but that the text will not be able to fully explain. Starting as a glossary for
that book, the current text grew into a stand-alone publication that may have wider utility.
It deals with ‘zooming in’ and ‘zooming out’, dealing with details and the bigger picture.
As the human mind is limited in its capacity to do this simultaneously, it spreads the
perspectives over multiple pages, parsimonious with words, rich in coloured brain map
diagrams.

Some words are used with multiple meanings, other times essentially the same thing is
called by different names. In this collection we try to give an overview of the many ways
the issues at stake have been conceptualized and contextualized, providing references for
further reading or methodological guidance. This first chapter introduces some of the basic
interdisciplinary concepts that may help in bridging between different types of knowledge,
through what is sometimes known as ‘boundary work’. Typically, in competition for
attention and sometimes funding, many claim to have the key...

Many claim to have the key

...until they realize what the sealed door is like.

Interdisciplinary interactions sometimes reminds one of the old man looking for a lost key under
a streetlamp, “Did you lose your key here?”, “No, but here I at least have light to see anything”.

We all do what we have been trained to do — not necessarily what is the most relevant to do.

Introduction 1



1.1 Use-oriented fundamental science

. does not compromise on the ‘credibility’ standards of science, but balances these
with action-oriented salience and stakeholder legitimacy, acknowledging power and
aspirations.!

Groups, Rituals, Identity
Aspirations Legitimacy

Knowledge Power
Credibility Communication
Politics-free science Fact-free politics
5 ways of . 5.Governability
knowing in We . C; l:rits.
G —— icks
Ecological-Social understand, '

Sermons

Political
ecology

Systems can predict

Glocal issue : Ilt 4.Stakes,

cycles, goals [EALCES values
issues

We care 1. Emotional basis
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1.2 Agroforestry

. is now understood as a concept that applies at plot/farm (AF1), landscape (AF2) and
governance (AF3) level; all interfacing agriculture and forestry, reflecting the origin of
the term.?

........................... -
7
AF3: Policy-level harmonization of land use governance ‘ W

across forest-agriculture continuum Q &

% Multipurpose @
trees in

5
p agroforestry .
CO Iandscapes ~

AF1: Plot-level combination ¥ &

: oz
of trees, crops and/or Ly
livestock ) %

) Theories of place, change and induced change for tree-crop-based agroforestry
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1.3 Seventeen Sustainable Development Goals

. require integrated answers and approaches.?

HYEEEN ' EaET e

Partnerships to achieve the Goals No poverty

Peace & justice, strong institutions

Zero hunger

Good health & well-being

@ Quality education
- Gender equality

Life on Land 15

Life below water &

Climate action

Responsible consumption & Clean water & sanitation

production
Sustainable cities & communities ‘

Reduced Inequality

Affordable & clean energy

Decent work & economic growth
Industry, innovation & infrastructure

HOYEEEN TS
1.4 Agroforestry as part of social-ecological systems

We’re building on strong foundations that positioned agroforestry in the literature on
social-ecological systems and as landscape approaches.!4>¢

-INVESTMENT
IN E(osvsrm SERVICES

Sowhat?

Climate-Smart =

Landscapes:

Multiturctionality In Pracice > =3 — - AN U

?/ & SUSTAINABLE DEVELOPMENT
THROUGH TREES ON FARMS:
agroforestry in its fifth decade
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1.5 Social-ecological systems (SES)

An SES approach aims to understand interactions between structure, function, services,
benefits, value, decisions, and management in a ‘cascade’ model, with feedback.>”

1.6 Theories of place, change, and induced change

Who?, what?, where? as the basic questions of a Theory of Place (ToP) form the basis for
understanding dynamics of land use in Theories of Change (ToC), that are an essential
building block for Theories of Induced Change (ToIC), that focus on bringing Goals into
reach by targeted interventions.?*

Theory of Induced Change

Context, LU-typology

Goals, Targets, Leverage, Success
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1.7 Forest transition theory

.. describes a ToP, a ToC and can be used as a ToIC.'°

A. Theory of Place

Tree basal area, carbon stock

Core Logged-over Secondary& Grassland Annual Mosaiclandscape of agro-
forest forest agro-forest &shrubs crops forestry, plantations,crops
orchards, woodlots, homes

B. Theory of change

Drivers, land use change

= Far
2 o Demography (migration)
o >
E > B .
7] - r
5 $
'—
;; lante . Ag
Time Log (Human Pop)

Land use changing over time, linking ‘drivers’

U Logging, forest management (For)

U Agricultural (Ag) expansion Opportunity: rights,
U Plantation development incentives, motivation
U Agricultural de/re-treeing

O Agroforestation

O (Peri)urban (Ur) re-treeing {
C. Theory of induced changet

Changes of awareness, monitoring, analysis of options and scenarios
Changes of land (use) rights, regulations of conversion, agricultural & urban planning
Changes in economicincentives, market demand, profitability, taxation, certification

Inter-
ve ntlons
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1.8 Scale matters

Scaling matters, as the simple assumption that ‘area’ is a default scaling rule often isn’t
true."! Two matroeschka-doll-set demonstrate two perspectives on scaling: homogeneous

and role-differentiated.

Self-similarity vs Nested scales Log quantity
B i

/ Self-organizing entities \

Self-organizing entities
Self-organizing entities
Self-organizing entities

Self-arganizing
Self-arganizing
Self-organizing
entities

Self-organizing ll

entities

Measured value per
unitarea

€

1.9 Five types of asset or capital

. are used in the production of goods and services, depleting or increasing capitals at
different rates. It can be seen as converting one type of capital (e.g. natural) into another
(e.g. human or infrastuctural); conversion typifies scale transitions to national and global
scale.'?

—_ Support for health & |

” educat|on \
. Recognition,

* institutions '\
y (Micro)credit )
“Environmental
\\\ \“\\“\“\“\\“\“\\\\f
------ i services >

Flnanual @ PES
capltal \
% Remittances \

K Wage labour

Sale of goods

Marketable product
g

7/

Investmentin

infrastructure
Natlon state -—

— - %////

2

AQF@@M@M@ belween counies
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1.10 Leverage points

. to intervene in systems according to Donna Meadows."

Twelve places to intervene in a system (in increasing order of effectiveness in changing its dynamic properties)

12. Constants, parameters, numbers (such as subsidies, taxes, Inventories, Theories of
standards, data) Place
11. Sizes of buffers and stabilizing stocks relative to associated flows
10. Structure of material stocks and flows (such as transport networks,
population age structure) Dynamics, Theories of
9. Lag times and time of delays, relative to the rate of system change Change
8. Strength of negative feedback loops, relative to the impacts they are
trying to correct against
7.The gain around driving positive feedback loops
6. The structure of information flows (who does and does not have
access to what kinds of information)
| 5. The rules of the system (such as incentives, punishments, |
constraints)
| 4. The power to add, change, evolve, or self-organize system structure
3. The goals of the system
2. The mindset or paradigm out of which the system (with its goals,
structure, rules, delays, feedbacks and parameters) arises
1. The power to transcend paradigms

| | Dynamics, Theories of
Induced Change

1.11 Land use as integrated policy agenda

Land use (including forests, agroforestry and open-field agriculture) intermediates between
climate and the achievement of Sustainable Devlopment Goals; interaction of land use
with the climate change mitigation goals is primarily based on the carbon and nitrogen
cycles between atmosphere and terrestrial systems, interaction with the adaptation agenda
through the hydrological cycle and temperature, but as these ecological interactions are
closely linked, so are the mitigation and adaptation agenda.'*

Cardinael R, Cadish G, Gosme |
M, Oelbermann, van [ |
Noordwijk M. 2021, Climate - -
change mitigation and
adaptation in agriculture: ‘B |
why agroforestry should be =

part of the solution.

Agriculture, Ecosystems and

environment (**%)

AF practices &
Tree-Soil-Crop-Livestock-
Climate interactions m

incentives, moti-
vation), Goals

el 0 mcamﬁ g@@ﬂs

@% \f @ i \\E"j h% N
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1.12 Anthropocene challenges

There are limited degrees of freedom in matching the increasing aspirations of well-
being for a growing population on our planet A: reduced consumption per unit wellbeing,
production per unit consumption, and/or environmental damage per unit production.?

Anthropoceme?equation

[ O
: | | |
" |
Planet P4 Resilience > - X :)4 : :
L. g |
Decisions ) (M= —— __X_J
ASPCCtS Planetary Demographic Basic needs Life-style Waste reduc-tio Resource use
boundaries for consequences of| (food, water, cho}ces Quali and chain (land, marine,
i biota, land, sea, individual energy, shel- of Life éonce g efficiency, pol- fossil) + environ-
reflecting |atmosphere decisions ter)+jobs+self P lution control mental impacts
Vﬁ.’M es Global responsi- Religions & se- Distributional Individual social Responsible Rights, permits,
~humans bility, collective cular norms on fairness, demo- & environmental private sector, efficiency, rent,
action, account- reproductive cracy, SDGs, self- resyeraTsilisg profitability, territoriality,
tability rights & health realization b innovation sparing/sharing
~ Nature Regulating Cultural Relational Human health Provisioning
Supporting Existence Recreational Regulating Supporting
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2

The Who? What? Where? of land use as
Theory of Place (ToP)

2.1 Ecological Science-based perspectives on landscapes
as part of a ToP

2.1.1 Participatory Landscape Appraisal

.. aims to compare, contrast and where possible reconcile three perspectives: one based
on local knowledge, a second through the lens of public policies and as a third a science-
based view. Landscapes are based on the abiotic background, vegetation, flora and fauna,
and are shaped by human modification of land cover in an institutional context, constrained
by rights, markets and impacts, providing goods and services.®

Planning, Incentives
AN

Geology Land- Institutions People
forms Climate

i e Stscas
o

Vegetation

Multifunctionality Tenure

Flora & Fauna Land-use Functions,
Hydrology systems  services
Value Chains

2.1.2 Geology

.. accounts for the parent material
for in-situ soil formation; it may
vary over short distances, especially
in volcanic landscapes where
superimposed lava flows brought
material that devel-ops into soils
of different fertility. For example,

soils of volcanic origin around Toba

The Who? What? Where? of land use as Theory of Place (ToP) 9



(N Sumatra) show recognizable eruption patterns and explain large differences in soil
fertility.'o

2.1.35 Land forms

Cross-sections fromridgetoriver (‘toposequences’)reflect patterns of erosion and deposition
(sedi—-mentation), of hills subject to landslides and colluvial material accumulating. Along
with variations in soil depth, soil fertility, and groundwater movement, farmers may have
found ways to identify the best places for the most demanding (tree) crops."”

Falcata Coconut Teak Petai
Agroforestry ~ soil

dynamics in

Central Java

Hillslope transect
durian agroforest N
Thailand

2.1.4 Hydroclimatic zones

... have been defined in multiple ways; a simple one relates to the hydroclimate and
compares rainfall (P, or precipitation which can include snow) to the potential rate of
evapotranspiration (E_ ), both in mm/year.’

I <0.03 (5.0%) ] 0.50-0.65 (10.3%) | 1.00-1.15 (8.2%)
I 0.03-0.20 (12.8%) [ 0.65-0.75 (8.0%) [l 1.15-1.50 (11.0%)

| 10.20-0.50 (15.8%) M 0.75-1.00 (17.0%) | >1.50 (11.9%)

10 Theories of place, change and induced change for tree-crop-based agroforestry



2.1.5 Natural vegetation

. varies with latitude, elevation, topography and is subject to human modification,
potentially along a tree cover or forest transition trajectory; vegetation typology can
be purely based on vegetation structure, but often incorporates elements of the other

determinants.!?

02 _| Boreal
c|®=

o228

N2 &

U B o Temperate
L=l

o] E_E;

£35

O c =

~— 2 & Dry (sub)
% S & tropics

S = d

:': ——————
)

©

-

O
« ,b(@’: Wetland (fncl. peat)
N

Slopes (incl. ‘water towers’) . H_uman
; livelihoods &
ountain tops

well-being

2.1.6 The water balance at ‘patch’ scale

... forms the basis of landscape and continental water cycles.'

* Blue water: traditionally hydrology
studies water flow in rivers, its use for [tarcloses the

irrigation, industrial & domestic uses ;

=>watershortage & floods

P Rainfall .5

nnnnn

surface

Lateral I
lateral

outflows

P=Q+E; P=precipitation, E = evapotranspiration, Q= H Qs=loss, E generatesnew P
riverflow 2
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2.1.7 River flow Q links climate, vegetation and soils

. via terms of the water balance (in mm y-1): P = precipitation, E = potential
evapotranspiration, the E, /E,, ratio that depends on Leaf Area Index, and soil properties
that lead to runoff even in dry climates."

E.../E
1 ] Intercept _.aﬂé_g,-po"
09 1-1/ B ——04
08 - 0.5
—8—06
0.7 - ——0.7
o 0.6 —8—0.38
—8—0.9
8 0.5 ——1 Q/Epot
04 - & Forest (1.17,0.33) 0.382
03 - A Shrub (1.07,0.34) 0.367
0.2 ® Mixed (0.92,0.35) 0.318
0.1 m Grassor crops(0.89, 0.31) 0.271
0 | ‘
0 0.5 1 1.5 2 2.5 3 3.5
P/Epc,t

2.1.8 Climate suitability for tree crops

In tropical areas with relatively small differences in temperature, the hydroclimate can be
used to assess site suitability for (tree) crops (along with elevation and temperature data);
special attention is war-ranted for the water towers that provide water to low-lands, but
are attractive for production of coffee, tea, temperate vegetables and dairy, often leading
to conflicts with downstream.®
Agroecological Types
I (Hyper) arid  P/E,, <0.2

[ semiarid 0.2 <P/E,, <05

[ ] Dry-sub humid 0.5 < P/E, < 0.75
[ JHumid  0.75<P/E,, <10
B (Per) humid  P/E,, > 1.0

B Water tower  P/E,, > 0.8, high

Bl rotential Oil Paim Distribution

Latin America

"‘; ‘;..-L' ~-4' -
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2.1.9 Biodiversity and its ‘hot spots’

... reflect first of all the historical patterns of continental connectivity.*

In terms of native flora and fauna, o

biogeography recognizes four tropical More specific maps of ‘biodiversity hotspots’ with
regions: NT=Neotropical, AT=Afrotro-  large numbers of plants and animals not found
pical, OL=Oriental, and AU=Australa-  elsewhere exist in many variants

sian and three temperate/arcticones:  (https://commons.wikimedia.org/wiki/File:Biodiver
NA=Nearctic, EP=East Palearctic, sity_Hotspots_Map.jpg)
WP=West Palearctic

2.1.10 Tree-site matching

... for managed agroforestry landscapes requires clarity on human purpose, ecological
requirements of trees, and data on which trees are native to the soil and climate of the
site.?!:?

The Who? What? Where? of land use as Theory of Place (ToP) 13



2.1.11 Plot-level sampling of vegetation

... is the basis of characterizing tree diversity, appraising Carbon stocks and understanding
the dynamics of tree life cycles. Required sample size depends on presence of large trees
occurring at low densities but with large effect on results.?

L " ° L ° °
° ° °
o - L0 O . o ‘e i
* 5 e 0 . 0 °. ° 4
s ¢ ¢
,* S*40mmalnsample . * o .
[ ) * ’ °
. = - = . e
DR | iirs Heh | e e e e
° v v . . °
e 4 ° » L N * ,
° ©. % @
L] °
Y BRI I )
V o
« ° 20 ¥ 100 m sample plot for large trees ® - © o0 °*
] » °
. 0 ¢ 0
° ° °
° e ® .

o
@ @ Trees > 30 cm diameter at 1.3 m, inside or outside p]‘. (OTrees > 30 cm diameter*
4 o Trees5<..<30cm
@ O Trees 5<..<30 cm diameter at 1.3 m, inside or outside plot #at13m
(o] B Understorey & littersample
plots

Understorey & litter layer sample plot

2.1.12 Pollination and dispersal modes

. can be assessed through the botanical identities of trees and helps to characterize,
especially in high-diversity vegetation.*

Wind-pollinated flowers:

no petals, stamens and stigmas exposed
to air currents, large amount of pollen,
pollensmooth, light, easily airborne

Anemochory: brown or dull color seed, winged
structure, hairs and elongation seed, dust
diaspores, balloons, plumed

A

=<
a &
i“"“j "

A

Hydrochory: able to float, resist to water
damage, hairs seed, lightweight and corky
tissue, has air space

Insect-pollinated flowers:

Large flowers, brightly coloured petals,
sweet smelling or fragrant, nectar
present, small stigma

Autochory: big or heavy seed, explosive

Bird-pollinated flowers: Glefiseames

Warm color (red, yellow, orange),

scentless or have very mild odour, long,
/ narrow central tubes shape, more pollen
and nectar

Bat-pollinated flowers:

Open atnight, large in size (2.5-10 cm),
pale or white in colour, very fragrant-
fermenting or fruit-like odour, copious
dilute nectar

14

Epizoochory (rodents, other mammals): flesh
fruits, firm, fibrous, quite sweet, hard skin,
toxic or bittersubstance, smell, non-essentially
of colour, large size with big well protected
seeds, thick pericarp

Endozoochory (birds, bats, primates) : fleshy
fruits, baccate or drupaceous, bright coloured
berries or drupe

Theories of place, change and induced change for tree-crop-based agroforestry



2.1.13 Wood density

. reflects a trade-off between tree growth rate and longevity. Community-level wood
density profiles indicate the successional status and renewal within a vegetation.”

A.

05 -

Wood density, g cm3

0 01 02 03 04 05 06 07 08 09 1

Cumulative frequency

Verylight ~ Medium Heavy Very heavy
N\

i Al

C — |
51 [
B2 [ [
Cl [
© [
D1 [

02 [

Fraction

2.1.14 Allometrics: scaling rules for biomass

Tree biomass estimates are often based on the easily measured stem diameter, or increasingly
for remote sensing applications, canopy diameter. Beyond treating these as ‘black box’

statistical relationships, they can be understood as consequence of tree architecture, fractal

branching rules for transport capacity and biomechanical requirements on stability.?62728:29

Aboveground biomass: AGB = p B (D/
Biomass
(logarithmic)

B,.s= Size of a
tree of
average stem
diameter, D,

Power of allometric biomass relation

Empirical relations can be understood on the basis of fractal branching rules.

The Who? What? Where? of land use as Theory of Place (ToP)
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2.1.15 Tree life cycles

Biodiversity depends trees being able to complete their seed — seedling — sapling — pole
— tree cycle.?

ECOLOGICAL PROCESSES SOCIAL PROCESSES

g

Pollinators

Tree
domestication
& germplasm
selection

Competition
restricting
colonization Sapling/

pole Nurseries
diversity

DISEASES

Biotic &
Abioticfilters

Planting
decisions

VARIABILITY AND TRENDS IN
CLIMATIC VARIABLES, PESTS &
Shifts in ecological niches
sjeuajew Suiyue|d
03 ss320€ pue A)|ige|leAy
AHdVY90IN3IA ‘S31D10d
ANV1ANY 1SIHOL ‘SLINYVIN

Landscape Selection &
Disturbance mosaic structure management

events ‘Direct tree benefits
Ecosystem Services & Diversity
benefits (Resilience, Robustness)

2.1.16 ‘Stock difference’

... is the simplest carbon emission estimator based on land use change data and time-
averaged C stocks of land use classes; more data-demanding approaches use a gain-loss
approach.®

A. Stock - Difference B. Gain-Loss
The difference between C- stocks translates recorded land use change to C-emissions are calculated
C emissions emissions from gain minus loss
250 - C-gain
80% 200 - 27 rees * Growth
Land use change S nderstorey * Enrichment
2 150 - Necromass
oo Litter
Te = 100 4 122 110
B s
5 i 3 50
g a0
F (5]
8 (50) -
W
0 Roots
(100) - Soil 0-10, 10-20, 20-30
0, S ¥ ¥ e R !
20% & & C FOREST land
Newol  Secondary  Annual Rcforesty q,b @Q\ .\((‘Q o° C-loss
forest  Forest crop "bb [ ’boc’ \}o“ *Timber harvests
Q?g’ (;bo (J’(}(' o) *Fuelwood removals
& (,'b(’ *Charcoal production
*Fires
*Grazing
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2.1.17 Biodiversity versus C stocks

Plot-level diversity (e.g. of trees) usually correlates with C stocks, but degradation and
restoration curves can differ.3*3!

Degradation

Biodiversity

cological restoration

Restoration

_______

C-stock

2.118 Pedotransfer functions

... provide a reference for expected soil carbon concentrations and help (through Corg/Cref)
interpret soil data as influenced by land cover (vegetation).3**

Measured soil organic carbon concentration, C,, has a ‘reference’ level, C:

Clay and silt Proxy for Wet conditions
protect C, temperature protect C,,

Cref = f(depth, texture, soil pH, elevation, special soil?, wetland?, vegetation)

Fungal dominated Specific Above- and
food web at low pH, minerology belowground
bacterial elsewhere affects C organic inputs

storage are basis of C,,

depth
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Microclimate

is influenced by tree cover, with effects on air temperature (measured in a shaded box)

of 2-4

Airtemp.- 6 am value, °C

°C, and reduced fluctuations in
influencing soil processes.**
12 4
10 =
D;E‘;%:XEQ"Q a-g-g-a
6 D"'A" e ‘\éﬁ
,.,QI ,“.~ o
4, B . “e-e- B
llg ‘:O- Maize and chilli-pepper \‘.
2 dar -~ & Bamboo grove 8
0 1{“3 A~ Coffee with Gliricidia shade trees
«-<¢-+ Pinus plantation
2 —a— Multistrata coffee
4 - Disturped forest
) ® < 4 <z s <,
E2) g2 e, i) Lo < <,
> % o o B 5 o
Time of day

-
(N

Daily amplitude soil temp., °C

2.1.20 Tree cover impacts on hydrology

[
(=]

o]

a

I
L

N
I

o

A 25 y=0.3723x-1.5482

soil temperature, depending on ground cover,

m 5cm y=1.3256x-8.1783
R?=0.4715

e 15 y=0.6464x-3.4436
R2=0.2915

R?*=0.183

]

2 4

Daily amplitude air temp. °C

the degree of tree canopy cover that is needed to secure infiltration and reduce overland

flow and erosion can vary over short ranges, along with rainfall intensity, tree structure

(e.g. drip tips) and soil entrainability.>
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A.
Midstream:
* o y = -0.309x + 103.7
= R*=0.443
£ & 0
(= ~
= o
= aAbd >0
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® o~
3 b 1O ~Q
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R?=0.451
—©
0.80

0.20 0.40 0.60
Runoff fraction of throughfall
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2.1.21 Tree crop Yyields vs tree cover

Optimum shade depends on context®®¥, including various pest and disease pressures.

Shading implies

Air humidity

changes in photo-
synthesis, but
also in pest and
disease pressu-

Humidity-based disease

Temperature-related pest

or photosynthesis

Litter-based soil fertili

res, pollination

Pollination

and soil fertility. '
Net effects de- g -
pend on the tree 8 92
crop (and its & 0,6
cultivar), cIimate,% 04
soil typeand 3

pollinator 202
behaviour. %ﬂ 0,0

E:

i

Shade management

oty FGanopy \ I depends on spacing,

.
. o
e 0, .
& o "t o s
' e
. . Cad w® oo
@ Nee
oo | ™
.
, .
5
.
- 4
I i .
- \\ L)
T . ™
e *
oo = ES

2.1.22 Biodiversity indicators

orientation and type
of companion trees
at strategy level, and
options for tactical
management by e.g.
pruning ‘shade trees’

... in multistrata agroforestry are compatible with relatively high yields; the example is

based on cocoa agroforestry data.®

A B r C
; > =
g = 30 100
£
& * 2 *s o s L
£ 151° e e f: = v &0 Po e s
‘o . -
% 0] o ° ,"*M wf- v e
-f.C. o A e Loy - .
@ sTTE NPl s T 20
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: ¥ i %
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: l .' : :2 * . z .u " .
. .
R YL S T
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N 104%s @ rikd & 5
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% /4 " 8 ! «
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£ -
2 g . . [ e .
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- 5 . " * o’ e T S L e e 2 e -
¢ ww - - .
0 0-e . - - . 1] -
80 200 500 1100 80 200 500 1100 80 200 500 1100
Yield (kg) Yield (kg) Yield (kg)
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2.1.23 Yield gaps

. are defined as the difference between actual and potential yields, expressed in an

absolute or relative quantity.*

Agronomic interpretation Economic interpretation
Potential yield for the tempe- Due to marginal costs
‘ rature, light and [CO2] of the (inputs) exceed benefits
location (outputs)
Due to social constraints
to labour availability at
required time

Due to sub-optimal crop
choice ~ climate

symbionts, harvesting Yield gap

Due to water shortage |
during growing season ~
il -
Due to nutrient deficiency
and fertilization practice

As a rule of thumb, going after the last 20%
of yield gap closure may not be worthwhile.

‘ Due to lack of pollinators,

Due to environmental con- |
straints (~ pollution) to use
of yield-enhancing inputs

' Due to inadequate/ incom-
plete control of weeds

2.1.24 the Land Equivalent Ratio (LER)

. replaces ‘yield gap’ as key metric for evaluating the land use efficiency of mixed
production systems, as it also relates actual to potential yield; however, values above 1.0

suggests ‘negative yield gaps.’*

If LERy, the “Land Equivalent Ratio for Multifunctionality” exceeds 1.0 the mixed
system spares land relative to a segregated mosaic of monofunctional land uses.

LERy =¥p 2 P /Pies +¥ 2 R /Rj,ref + ¥ 2k G /Cp et

Plot-to-

landscape - -
srlle Societal Societal

Ut weightingof — cyrrent vs weighting of
ULt provisioning  refarence regulating
tionallana services services per services
use

Societal
weighting of  Current vs

Current vs
reference
services per

unit land unit land

cultural reference
services services per
unit land

With

* P;, Rjand Cy be the attainment (in any metric) of a range of provisioning (P),
regulating (R) and Cultural (C) services provided by a landscape

* Pirer,Rirerand Cy ¢ be the attainment (in the same metric) of such services in
a landscape optimized for that specific service (often a ‘monoculture’)

* Ypi, Yr; and yc be a weighting function for the importance of the three
groups of ecosystem services

Theories of place, change and induced change for tree-crop-based agroforestry
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2.1.25 Land use intensity

... needs a quantitative metric before hypotheses on ‘intensification’ can be tested, and

‘ecological intensification’ can be defined. Measuring ‘intensity’ by output leads to

circular arguments, it needs to be understood at ‘input’ level. USD/ha can give some rough

indication.*"*?

Despite the many hypotheses that link
positive and/or negative consequences to
‘intensification’ of land use, there is no
agreed metric to characterize intensity.

sTemporal intensity increases
6

< <R<

0
DR> 7

Long fallow
Short fallow
Permanent croppi

The Ruthenberg R indicates crop/(crop+fallow)
duration and distinguishes long from short fallow
and ‘permanent’ cropping. But what if the fallow
becomes an agroforest and is economically
attractive?

2.1.26 Minimizing the ‘footprint’

T Labour input (ha.year)™ increases
T Spatial intensity increases

The fraction of land area maintained in non-directly
productive forms of land use decreases

T Labour input is substituted by fossil
energy in mechanization?

T Traffic intensity and loads increase
inducing soil compaction

T Drainage and irvigation modify the
water balance

T External nutrient inputs replace
internal recycling

T Use of agrochemicals to control
pests, diseases and weeds increases

T Knowledge intensity increases for
‘precision farming’

... (negative environmental consequences per unit product) may lead to intermediate

levels of intensification, depending on context, as shown for palm oil and emission-saving

feasible in relation to N-fertilizer use.*

O 0C debt Q 30 C debt
0 20Cdebt @ 40Cdebt
£ 60 C debt

35%

Emission saving (%)
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2.1.27 Cyclical vs internal rejuvenation (‘sisipan’)

agroforests reflect two types of forest management: gap-level (underplanting) or whole-
field (even-aged); if burning is not allowed, food crops are skipped.***

Jungle rubber
agroforestry
) Declining
2] production 25 4
©
e latex
o production
o young rubber 10 25 YEBFS
with natural
regrowth
Swidden: Young
rubber with other 3.9 years
edible crops
upto3 years

Tree diversity

2.1.28 Landscape-scale intensification

At a landscape scale an intensity gradient often exists, with the least intensive land use
furthest from the homes or village; intensification operates on this whole gradient rather
than on individual land uses.!

Extensively used landscape

Paddy - (semi)perma- Swidden — rotational Forest edge — source of Core
nent rice fields in wet temporary food crops + timber & NTFP’s for local | Forest
places ~ irrigation/ fallow use and trade
drainage systems
Expand paddy domain Fallow =» Agroforest ™ Market-driven logging

Short  (semi)domesticated by concessionairs

fallows forest products
Use of fertilizer, pes- Permanent Intensified Industrial
ticides, short-cycle, open-field agroforest, tree crop timber
short-straw, HYV rice +  crops Pas- tree crops plantation
vegetables/ palawija ture
Permanently cropped,  ‘Transmi- Smallholder  Large-scale tree (crop) Protec-
technical irrigation gration’ Pas- treecrops/ plantations ted
agriculture //urbanizing towns ture homegarden area
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2.2 Social and policy perspectives on land and landscapes
as part of a ToP

2.2.1Land cover vs land use vs land use rights

.. may all refer to ‘forest’ but focus on its structure, its function and the benefit allocation,
respectively. ‘Forest’ may mean different things. Legends of land cover and land use maps
need to be reconciled with local knowledge and terminology.*®

Land use planning categories (e.g.
production orfconservation forest)

Land use
classification

Land cover
classification
(based on remote (based on human
sensing, satellite benefits &
imagery) modification), e.g.

Beware
of multiple
meaning of terms

2.2.2 Forests vs Tree cover

Two different angles are on forest as vegetation (or tree cover as metric), and forest as
institution imply that ‘deforestation’ can mean the loss of tree cover and/or the transfer to

other institutional domains.?

Forest definition based Forest definition based

on X% canopy cover on institutions & intent

' Non-forest without trees

‘."".‘--..f...‘-'-___ —

- ~
/ ‘\ \

. Forest N

-

:: without

Trees
outside ¢

forest o trees 7
‘.."ﬂfhf RR* CI:II'/ lant cycle i
-...._,...- " — earfelling/replant cycle is

accepted as forest; no time-

Otallan aLce limit on ‘replant’
8 Deflorestatfon

Including e.g.
agroforests, oil palm
plantation
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2.2.3 Tree cover in
agricultural lands

. is, across all tropical regions,
related to the hydroclimate, but it
also varies between regions, with
relatively high values in Central
America that still deserve to be
better understood.*®

2.2.4 Land cover typology

Tree canopy cover (%)

——Central America
=—South America
Sub-Saharan Africa
=—=South Asia
w—=East Asia
~—=SouthEast Asia
w—Global

~
S

o
@

5
1
1
1

v

o

0.25

0.375 0.5 0.625 0.75

0.875 1
Aridity index (rainfall/Epot)

125 .5/315

... intersected with institutional regimes in forest-authority, farmer-managed and (peri)

urban landscapes.®

.n In this survey

Land use typology: management and functions

100 Forest Authority Farmer (Sub)-urban
] 3 Planted [------gaea-~
° iWoodIot,
°\‘ i Tree crop ao‘
§ | mono- E
ogged [ i culture Urban g
Land cover 3 < H ¥ s, ity
> ’ =
typology §' forests” -Eu
] 3
b ] H 2
g 30 - SlmpIeE 2
- Retained = forest agrofo-i Urban ToF
restry rban To
-] Naturally E ; E
dispersed 10 | : | :
5 s, tydnnmnnnnn®
D Planted trees 0 Replant | Open-field Ag (+ToToF) Urban ToToF
2.2.6 Agroforestry categories
... distinguish ‘monoculture’, & ¢
o
simple and complex agro- & _E_ c |
o omplex
forestry = systems, and g € : P ol Htrie
. S mixed agro-forestry system
complex, mixed  agro- & x
° o agroforest
forest (the latter usually are g simple X-based Mono-
. , 2 o
‘multistrata’),based on tree E & agroforestry system  <UItUre
diversity and relative share of 2 0 0.5 0.8 1.0

the main tree in the total basal
area.’0

24

X as share of total basal area
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2.2.7 Evolving tree crop production systems

... derive from four types of preceding land uses, providing multiple interpretations of
‘deforestation’ and ‘restoration’, but also influencing soil and vegetation.*

Four origins for four modes of treecrop cultivation:

Old-growth

forest

. Simple
Swidden — agroforestry

fallow cycles

Modified
forest

@

2.2.8 Permitted land uses

Agroforest

Permits typically differ between ‘agricultural’ and ‘forestry’ designations of land, with
further distinctions between productive (logging and/or plantation oriented), (watershed)

protective and conservation-oriented forest uses.*!

|
> ='deforestation’
I
(7] :
[}
)
2 >
e : Debates on ‘deforestation’ refer
g to ‘loss of forest functions’, a
— gradual concept, and/or loss of
n.E formal institutional control
2
SN ° Ny
o “rsive "« forest patches <
2 2 “tauninnnaa 'lossof forest
=1 % . o i 4
O | | intensive agriculture functions
=
&D With institutions segregated on
T T 1 :
Integrate Agriculture vs Forestry, AgroFo-
fsegreﬁate Current realit func%ions restry ideas maps a large part of
) reality, which is informal and

Dominant legal, institutional &

educational paradigm not ‘visible’
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2.2.9 Supply chains

from farmers’ hoe to consumers’ fork are also part of ‘value chains’ where the end-user
value is increased while the volume is reduced (generating by-products or waste) along the
chain, that involves transport, processing, refinement, blending, branding and retail — as
shown here for palm oil as example.

& O L
3 Agency legitimizing/tolera-
3
& 5 ting conversion to oil palm
= Land acquy \ \ A
[l -'a‘ f :
o H
E ol : State-owned Private Tied/supported Independent ;
= :_’1:1 plantations plantations smallholders smallholders
- Q
(]

Mill {W|th or without core plantation)

NV s

Refinery

Transport and trade of \ /

refined oil commodities
Ingredient manufacturer

= FFB transport and trade :

Socim’ relations, fair pricing

CPO transport and trade

srsesmamEmEEEsana.

iz

oil (CPO) Bunches (FFB)
Indigenous people rights

R T eI

lity, health
Habitat loss, deforestation

a
World f’raa‘e agreements

End-user Refined Crude palm Fresh Fruit

S
.S
§
2 g -§
5 _ 45 S s &
£ Transport and trade of g by : S 2
g— ingredients Product manufacturer §5 %; Ez
g L.\ £i2 28 3i4
@ Transport and trade of Retail \ 22 V
é food, cosmetics, fuel tr:/ l \ \ \ "’Cerfr‘ﬁcutfcn”
o
s Consumers Concerns

2.2.10 Value chains

Within supply chains value changes and so do prices per unit volume, as analysed under
the ‘value chain’ concept, with coffee as classical example.>

from farmer to end-consumer: Allocation of ‘margins’

%@l%@ @%%l%% prices go up, volumes are reduced depend on bargaining

ower along the chain +
e.g. Coffee served in : g

ial ol ‘fairness’ interventions
a very special place . s .
vy sp p Price5 = Acquisition costs + selection +

transport + processing + margin5 + tax

Wasted

ffee served Price4 = Acquisition costs + selection +
Wasted transport + processing + margin4 + tax
nsted coff

Price3 = Acquisition costs + selection +

t'fed Branded prOd uct transport + processing + margin3 + tax
beans, graded a Price2 = Acquisition costs + selection +

Commodlty transport + processing + margin2 + tax
elg. Coffee berries Raw mater|a| \Prlcel Production costs + marginl + tax
\ Traded volume
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2.2.11 Economic geography

Distance to roads/rivers, market, or processing plants determine profitability of tree crops
as part of overall land use and help explain which economic activity develops where, and
how transport modes shape landscapes.*

Landscape reorganizdtion at river=» road transition Linear road-
1 based LU
Road- ="
intensity

based gradients

" -

Midstream
hillslope
topo-
sequence

Dendritic—river
based network:
trading at nodes

Lowla ic
von Thuenen circles

Sea-based trade

2.2.12 Global trade source dependence

Global trade, seen as a self-regulating system, balances the scale-advantages of
specialization at country level, with the risks of all eggs in one basket, resulting in similar
rank-contribution relations.>

I

Oil palm is ‘special

case’, top two
producers 85% of ——Coffee
global production

(production)

o
-

——Rubber Top ten producing countries
(production) 0il palm 95%
Cacao 94%
. _— 5 Rubber 87%
(production) Coffee 82%
——Palm oil of global value

Fraction of global value

e
g

(production)

o
N

4 6 8 10
Country rank
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2.2.13 Water conflicts

... may be older than land conflicts in many environments. Rules start with ‘blue water’,
but expand to other ‘colours’. Beyond ‘green’ water stored in soil and used by vegetation
and ‘blue’ water in rivers and lakes that can be used for irrigation, domestic and industrial
processes, ‘brown’ water refers to pollution control of recycling and atmospheric moisture
‘rainbow’ water is affected by land use change.>®

Rainbow water. S

Atmospheric transport

——1
Precipi-
ation

Soil & ground-
water buffering

2.2.14 Taxing tree plantations for their green water use

... as South Africa pioneered. Fast-growing, often exotic trees, grow faster, keep their
stomata open during a longer part of the year and as such may reduce blue water yields
in streams and rivers, but have stronger effects on cooling and downwind rain.*

Forest & tree properties

’” \a A (seasonal) A Surface
é'v{‘l t :~‘\\ Leaf Area Index = litter, sealing
.~ Vegetation, i A
S ;
/ zrtace = a (Fjoot;ng Macroporosity
,' ept formation
[
\ i A Rainfall
)
\ ..
\

Stomata: H,O
loss (cooling) vs
CO, capture
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2.2.15 Buffer and filters

Attribution of ‘lateral flows’ (e.g. water, soil, organisms, fire) perceived by external
stakeholders to effects of land use, can be complex where flows are modified by ‘buffers’
and ‘filters’ in the landscape, that depend on location and property rights.>”

Externalities

Lateral flows

Filters N
A% . e . A § 5
ﬂ‘&\t"\"? Mg §F
o o - — §§
s
*e <
O OB 1o

2.3 Social stratification as part of Theories of Place

2.3.1 Bundles of rights

... that defines ‘tenure’, expanding on the five aspects in the seminal study by Eleanor
Ostrom and colleagues.*®

Access to Withdraw from Management
Resource Resource

the right to thi the right to sell
-the right to ente the right to obtain e right to right to or|
- & I a regulate intemnal determine who lease some or all

phy of
Froperty MR use and transform will have an rights

the resource by ; access right and
making how right may be
improvements transferred
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2.3.2 Stratified property rights

... by gender or social class (e.g. ‘caste’) have been and still are a major obstacle to

sustainable development.®®
Agroforestry
adoption

Access toinputs,
information, credit

( " Statela

Women'’s rights to
land, trees

Customs, gendered
power relations

~ -

Productivity,
income

Household
welfare

2.3.3 Indigenous people self-identifying as historical right owners

... are internationally supported in claims regarding national governments.®¢!

The General Assembly,

Guided by the purposes and principles of the Charter of the United Nations, and good
faith in the fulfilment of the obligations assumed by States in accordance with the
Chapter,

Affirming that indigenous peoples are equal to all other peoples, while recognizing
the right of all peoples to be different, to consider themselves different, and to be
respected as such,

Affirming further all doctrines, policies and practices based on or advocating
superiority of peoples or individuals on the basis of national origin or racial, religious,
ethnic and cultural differences are racist, scientifically false, legally invalid, morally
comdemnable and socially unjust,

Concerning that indigenous peoples have suffered from historic injustices as a
result of, inter alia, their colonization and dispossession of their lands, territories
and resources, thus preventing them from exercising, in particular, their right to
development in accordance with their own needs and interests,

Solemly proclaims the following United Nations Declaration on the Rights of
Indigenous Peoples
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2.3.4 Migration decisions

influence demography, especially from high to low population densities. Decisions

depend on age and gender. Permanent or cyclical is only clear in hindsight. Migration

history influences tree crop spread and agroforestry adoption.®

Jobs, skills, remittances,
assets, motivation, health Degree of
I ‘success’

Effects on livelihoods and land use Effects on livelihoods and land use

Land, labour, skills,

. infout market links
Overseas~sDecisions to go, M ra = Agroo.

e P Decisions to
Urban= a5 individual or

Rural family t n come back restrv

for those who stay behind dafter returning

I Jobs, skills, remittances, ' Dfegfee Of
success

assets, motivation, health

2.3.5 Migrants as stakeholders

Land, labour, skills,
infout market links

... linked to tree crop production landscapes and their markets are easily overlooked where

migrants interact with local elites on land acquisition and with large-scale plantations as

labour force.®® When right-holders are distinguished as subset of stakeholders, migrants

are differentiated from those born into local communities, depending on how they were

assimilated into local institutions.

/ TSR International conventions: )
Agrarian and Trade, Environment, ILO
government forest laws,
development : ~
Local lici Transnational
policies T .
government . Businessplans private sector
sionairs
and expecta-
tions on land Consumers 1
TerellnGrs Local elites L
and rules on \ocal it o) x
land tenure oca’com= Migrant Footprint
munities : Migrant norms
pioneers calculators
0 and expecta- -
Migrant tlonson land
\\ followers ehure /
The Who? What? Where? of land use as Theory of Place (ToP) 31



2.3.6 Gender analysis

... of land use practices needs to consider the way work (effort), benefit (net of costs),
inheritance rules and control (decision-making) are distributed over male and female
house-hold members, according to male and female infor-mants. Specific inheritance
rules can apply to land, trees, livestock.®

Gender roles in land use and value chains (GRoLUV)

Benefit
1 . Equality point
% o Within a land use practice
z o o Q5| [ ] Eauitabilityzone activities can be gendered:
639-5 ? @, Femaleperception U Land preparation
gc; 3 3 on land use i U Nursery
91 a 4 ?1 g Male perception U Planting
Inheritig 05 5 05 7 Work 0 Maintenance
7 g 9 0 Harvesting
% 53 g{ 0 Male-dominated d POSt'ha'NESting
$2 . 305 3. 22 1 Female-dominated U Marketing
1

Control, decide
2.3.7 Gender perspectives in selecting tree species

... can contribute to overall diversity as the example for Southeast Sulawesi Indonesia)
shows; female and male farmers rank trees differently.%6°

Species; Main Benefits % of plots Female Male
Theobroma cacao (cacao); Bean 100 1 1
Pogostemon cablin (patchouli); Oil 78 2 2
Gliricidia sepium (mother of cacao); Fodder 78 9 11
(leaves), support tree for pepper

Musa sp (banana); Fruits, vegetable (flower), 67 4 -
cultural services (leaf), toys (trunk)

Cocos nucifera (coconut); Fruits, cultural services 56 5 -
(leaf), roof (leaf), toys (trunk)

Capsicum annum (chili pepper); Vegetable/spice 56 7 -
Piper nigrum (pepper); Vegetable/spice 44 10
Fagraea fragrans (tembesu); Timber 44 10 3
Tectona grandis (teak); Timber 44 11 4
Anthocephalus cadamba (jabon); Timber 44 - 5
Durio zibethinus (durian); Fruits 44 3 6
Lansium domesticum (langsat); Fruits 22 - 7
Mangifera indica (mango); Fruits 22 - 8
Nephelium lappaceum (rambutan); Fruits 22 - 9

Theories of place, change and induced change for tree-crop-based agroforestry
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2.3.8 Youth and intergenerational issues.

Globally, very few farmers hope
their children to be farmers —even
when they prefer to pass on their
farm to a next generation, rather
than sell out. The life-cycle of
farmers matters for understanding
decisions regarding trees, that may
live as long, or longer than people.
Trees, e.g. valued timber sources.
can act as savings for retirement

or emergency expenses. Decisions

to clear and replant may require resources that only older people have, and the workforce
of younger ones. Such resources may be combined when new families form and work on
land owned by in-laws/ parents, while establishing new farms. Assumptions of an open
market for land labour may miss these patterns. Child labour in its exploitative forms,
preventing children opportunities for schooling and leisure, is part of rural poverty and
more easily condemned than avoided. Learning in practice is important, but distinct from
exploitative forms of child labour.®® Promoting the virtues of agricultural entrepreneurship
to urban youths has been tried in many cultures. (Image from ‘Propaganda Bistro’, Hanoi,
Viet Nam).

2.3.9 WhyNoTree analysis of local constraints to tree presence

On-farm tree presence and/or diversity varies with context. There are some valid reasons
(#6, #7) for lack of interest by specific farmers in trees, but many reasons, if emerging as
important in a local context, can lead to remedial actions.®”

Fear of theft from state
forests and over-regulation
Land tenure and land- restricts access to markets

No access to high-quality planting
material of proven suitability:a) lack
use restrictions: for farmer-grown timber of information, b) poor delivery

a) No future harvest and tree products mechanisms, c) nurseries are
rights outcompeted by ‘project freebies’,
b) Conflicts Dfire=» 1 d) trees heavily promoted don’t

tree mortality NO trees 3 perform well

Tt ] . on th 1S fa rm I_Ia;k of km_:;wledgfe(extensi:?n),
market for tree b abour orinputs or managing
products, as supply ecause... 4  tree growth for high-quality

roducts
exceeds demand 2

Farming options Lack of recognitionand

without trees are reward mechanisms for the
more profitableand environmental services
locallyadapted provided in agroforestry
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2.3.10 Land use profitability analysis

. uses the toolbox of agricultural economics to convert technical descriptions of inputs
and outputs over the life-cycle of a production system into (discounted) cash flow.®

Land use profitability analysis (LUPA)

Net Present Value (NPV):
g Land acquisition, Labour, Harvest: vo- f=n B C

a clearing inputs, tools  lume * price NPV = E

Q

g 1 Planting, weeding idem idem (1 + I)I

T . ) .

[ 2 | DiEmiEmene: idem idem Where | is the discount rate

..g 3 . Returns to labour (R2L):

0 Harvesting idem idem wage rate at which NPV=0

wn

ES A . i g

L Harvesting idem idem Years to positive cash-flow
< n Final harvest idem idem first year with NPV sum >0

2.3.11 Labour accounting

In urban, industrial employment it may be clear what one day of work means, and what
a wage rate implies in terms of hours of work, throughout a year. In agriculture, there are
seasonal peaks (e.g. harvesting periods) and troughs. Sometimes, family labour is called
in during peaks. Tasks such as tapping rubber are best done during early hours of the day,
allowing it to be combined with other tasks during the rest of the day — if these exist
locally, on-farm or off-farm. How are the 3 — 4 hours per day accounted for in economic
analysis? On rainy days trees can’t be tapped — are the days not worked included in the
analysis? Labour accounting is not as easy and straightforward as it appears to be; synergy

with other farm components is easily misrepresented.®
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2.3.12 Land quality change.

Land rents, payable yearly, and possible change in asset value of land (especially
important in areas of peri-urban expansion) are not normally included in analysis of
land use profitability — because they may be independent of specific land uses to be
compared. Thus, is not always justified. For example, in Vietnam the compensation paid
by governments as part of urban expansion to farmers is higher for orchards than for
open-field agriculture: this was quoted as a main reason for farmers to plant trees in these
contexts. In the Philippines, increase in land value after terraces formed on steeply sloping
land was found to exceed any cost-benefit estimate of the land use, with or without trees.”

Increased value of land as main benefit of soil conservation

2.3.13 The diversity of Local ecological knowledge

... has triggered much of science-based exploration, but constructed a different explanatory
basis; it also interacts with public/policy knowledge that tends to focus on categories and
definitions, demarcating rights.”

Public/Policy
Ecological
Knowledge

Based on ‘categories’,

Responding to ‘issue definitions

cycles’

~

N
Based on ‘processes’

Direct
(hypotheses, models)

‘observables’

T 2,
7 Loca.I Model(.er s Social
_7_;_7_W0men Ecological Ecological scientists

N Knowledge Knowledge - -

{ .

"\.\ Men i"/ Lowland/ B _Economists |

.\ upland , includes Ecoonists :

A e cologists -
~— ! balance B

sheets —
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2.3.14 The scope of local ecological knowledge

... is often associated with ethno-botany/-zoology, but also has an important ‘explanatory’
logic to offer, interacting with science and policy spheres; it is important to check how
‘local’ local is, especially where intellectual property rights are claimed and neighbours
can be negatively affected.”>”®

Property rights

Explanatory,
processes Rules, norms, ssuefattention

Descriptive: taboos,
Identity, groups,
rituals, status

Taxonomy

Models: explanatory
processes

Stories of
origin,
identity

taxonomy, respect

ethnobotany/ v

zoology

2.3.15 Human relationship with Nature

... have been analysed under four headings.”

d Humans (H) living N
In From With As
Nature (N)

j
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2.3.16 Human vulnerability

... as dynamic equivalent of ‘poverty’ can be due to low levels of any of the five ‘capitals’

(H = Human, S = Social, N = Natural, F = Financial, P = Physical (infrastructure). In the

face of negative stressors the capitals can help to buffer and shield people, in the face of

opportunities for positive change, they can facilitate innovation and adaptative change,

also known as ‘sustainagility’.”

Social stressors originating within and

. among community/ies
Persistence g communty/ _
Climatic stressors: kg Economicstressors
means, variability and HEREOIES due to market

Landscape t

buffers & access &

insurance

@ Resource /,7 /'n‘\o Innovation

support
accessibility BB
Access to under-utilized

Change sustainagility
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The So what?, Who cares?, and Why? of
a theory of change (ToC)

Processes, feedbacks and functioning of social-ecological systems shape a Theory of
Change.

3.1 Theories of Why?
Change (ToC)
//

... can build on the analysis

Mi%@ion

. &
of  Drivers,  Pressures, |/ what? 53
<

System state, Impacts and *  where? [ &
Respon—ses (DPSIR) with | So what:
nested scales for households,
communities/landscapes
and national/global levels of

decision making.”®
Land & water plans

3.2 Power differences

... along a DPSIR chain, are the focus of a political ecology/ economy analysis of land
use change.”””

Power is the capacity of an individual, group or institution
to influence the actions, beliefs or behaviour of others.

.
0

Drivers — Pressures — Systerfl state — Impacts — Responses

Territorial Land, water grabs N Information flow: sha-  Convening power in
=) . ', : r
power - g Plng the external agenda setting
POW e r Economic rights, spatial g g I Coalition power in ne-
transactions planning, zonation £z Discursive power: in- ' gotiation platforms
: ) Profitability of = fluencing percep- -
|t5 ma ny !Z)emographlc land use options % o tions, rationalizations, ~Goal framing power:
ifesta- influences: 8 2 value articulation optimal fuzziness
manirtesta migration, Pollution 8 a i
: 1 woo Adaptive power: i -
tions birth rates, Value chains, 1= e . Nu.dgmg powe'r.
health v chai = adjusting to negative shifting behaviour [
supply chains § k- consequences ;
Intergenera- : ; Power in ‘means o
tl'onaglvalue Collective action § E B =E i o implementation”
TErERET Information flows . = escaping negative

Twao

consequences:
a Rule enforcement

. Law enforcement - n
Innovation shli ding and coping FEE '
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3.3 Land Use drivers as explanatory factors

... for participatory assessment of land use change and its drivers.”

| Qut-of-landscape employ- 1 ! Local consequences:

1| Livelihoods, welfare, health
| Assets & risks
Environmental services
Issue cycle steps

I_Conditioning factors 1 ! Local representation of | i |
i - 1 I et
| (Drivers): ) . | external change (Pressures): ' Mocal Social Ecological
I Landscape geology, soil, 1 | New actors and agents | N
o - . | . | System dynamics:
climate, vegetation, biota | entering local arena 1
1 |
1 I

: X . I Land use & market
| Rivers, road, infrastructure Change in resource access

1 I choices by actors

1 Market access | rights | ! Downstream conse- !

. individually & |

I Market demand Change in knowledge | . quences: |
1 . collectively

Tax & subsidies access ) Water: surface, ground- |

| . I Land cover change and its . |

| Healthcare | New aspirations C N. H.O cvcle impacts | water, atmospheric N

| Education 1 Changed access to & s T M Y pacts. ! Issue cycle steps |

| Biodiversity impacts

1
 Educat ¥ . 1 Bodersty moacts g Ssueoylesteps _ I
Land rights 1! demandin n‘1arkets for "'\ Adopt & learn
| Governance & law I, goods & services | e e e i edlettein \ :
| enforcement : 1 Changed access to inputs : ———————— Globa consequences: |
I Inequity | ! &technology . I_M_afl@E prices __ _! ) Supply c_hal.ns served |
: Politics 1 ' Local climate change | ——————= 1 GHG emissions !

3.4 Chronosequence pitfalls

As effects of land use change on ‘slow variable’ such as several important soil properties
take time, it is common practice to ‘substitute space for time’in a so-called ‘chronosequence’
interpretation of land use practices of different age but a supposedly similar starting point
and transition trajectory. The problem is that the underlying assumptions are hard to verify.
Against such interpretation is the understanding that land use and land use change are not
‘random’. Farmers have throughout history been pretty good at selecting the best soils
and landscape positions within the range of options available, and the time of conversion
may not be random with respect to the changes that occurred. Reconstructing such change
can help identify the social dimensions of ecological change. Another help is the use
of ‘conservative co-variates’, unlikely to be affected by land use change, but useful as
markers of soil quality. Soil texture (sand, silt, clay fractions) is commonly used as such,
although it change rapidly under extreme conditions (e.g. clay becoming bricks during
fire events). If pedotransfer functions, such as C_, are available, changes in C,/C,; may
provide more sensitive indicators of soil change. For example, initial results of higher
Corg in rubber agroforests than remaining forests in the same landscape, were related to
differences in clay content, disappeared with C/Cp as metric.”

n®

H = homestead
A =agriculture
G = grazing

AF = agroforests
F =forest

T N
Observed differences
Attribution to LU

history with
i i common start :

selective spatial
variability

E Attribution to
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3.5 Economic demo/geography

Land use choices interact
with urban wage rates as
next generations vote with
their feet along the rural-
urban continuum; land use
systems canbe characterized
by the equilibrium human
population density for
whom they provide (self)
the

returns to labour that they

employment,  and

provide.®

3.6 Institutions

. and collective action modify rights, define responsibilities, impose sanctions, and

c
©
2 Sustainable
3 logging
§ rotations oil palm
B g | NTFP Rubber
L O | collection
5 % Industrial Coffee
.8 = timber Cacao
i e i
2 Crop/fallow Rice
2 (>5 years) (intensive)
3
&
1 10 100 1000
Equilibrium human population density, km-?
Wage -labour Nucleus- Smallholders
based 0 estate- 0 + processing
plantations plasma units

modify social motivation for individual choices.?

Flocks of birds may
move in coordinated
ways, without any

| ‘leadership’, ‘goals’ or
|‘management’. Group-
level behaviour can
emerge from simple
rules that every bird
tries to avoid crashing
into neighbours,
adjusting speed and
direction to the ones
in front, left and right.

Humans can achieve further ‘coordination’ by imposing or agreeing on ‘rules of the game’,
also known as ‘institutions’ that restrict individual freedom (selfishness) and force align-

ment to ‘collective
action’. Human
sociality is based on
Groups, Rituals,
Affiliation, Status,
and Power, in a
cultural context.
Institutions depend
on shared values,
goals, member-
ship rules and
accountability.
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3.7 Hydrological impacts

... of land use change, including decreases and increases in tree cover, depend strongly on
the position in the land—scape where the changes occur.®

Upper watershed

Rl (P) Water tower,
Changin, Slope stability, . N
= Atmospheric recharge (E), s R atmospheric moisture
ELEHIES capture

climate downwind rainfall

M tai
Streamflow regime (Q) ountain

(floods, droughts, annual
Rain shadow

mopower

Fish, -
Water quality, aquatic generation
grey water biota Erosion/’

recycling sedimentation | ‘ e
Mangrove ‘ o o Logged-over forests
g Secondary forest

=\ (O Agroforest

Riparian .

ey . 'I::(ee (;:r;)p) pl'antatlon Pressurel_)s |

Peat dome: fire and ca, ere .rees in eople
Open-field agriculture

subsidence after
drainage Urban, sealed surfaces e

3.8 Water management

... has to balance the downstream interests in agricultural, domestic and industrial water
use with the quantity/quality trade-offs that derive from upstream land use.®

A (seasonal)
Leaf Area
Index

A Surface
litter, sealing

A Rooting A Macroporo-
depth sity formation

A Rainfall

Atmos p [’\CV'C Pmduc;:'v,'ty Forest & tree
Continuum - ﬂ(/ properties
Vz‘g on

Overland, soilquickflow, Drinking water

and groundwater-based
pathways to river flow Q
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3.9 Local monitoring, citizen science

Bridging the gap between
local  (specific) and
science-based (generic)
observation methods has
allowed empowerment

of local stakeholders in Biological

: : ; indicators of
public  discussions on ind
= 4 clean water
i i 84,85 2 -
environmental issues. Village-level monitoring of Lampung:

% § s Indonesia
biological water quality

Mae Chaem - Thailand

3.10 Tradeoff analysis in 4 steps

Tradeoffs between environmental and economic performance can be analyzed at
system level (comparing time-averaged properties across land use options), in spatially
differentiated ‘opportunity cost’ formats, in lumped dynamic land use change models and
in agent-based decision models.®%

Tradeoff at land use system level Opportunity cost atlandcapescale
Slopeindicates r‘H Emission reduction poten-
;‘i emissions per 8 tial for given C price ,’ —
5_,-1 gainin S/ha @ ﬁ /f U}
§ o _/ eg ADSB
= II 8 p- R e~ reports
< * ol 2007/8
] * * e.g. ASB-I| = 'l = Cumulative emissions
5 reports of 1l —
s o f
NPV, $/Ha 1305 g
Four levels of analyzing opportunity costs Dynamic land use scenario model
Agents with Cstock
variationin (increpsing) = FA.LLOW
2% scenarios
resource % ~
base, moti- I| N R @
2 g ~ .
vation, live- W
Iihc.»odstra- Ruralincome € /|, =»Ruralincome
Fegles. _ & (declining) "2 N (increasing)
|n.teract|n <7 / m \
with rules A Cltock
& policies Agent-based land use change model 7| E———

[\ N
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3.11 Internalizing externalities

Human brains are wired to make decisions, not to ponder about all possible side-effects on
every other part of the world — but sometimes such effects, ignored as ‘externalities’ can
come back to haunt us. Attempts to ‘internalize’ such externalities have to guard against
making decisions too complex — but in their simplification they shift the borders of
externalities, not eliminate them.®

Internalizing externalities

Changing social
norms of behaviour

Changing rules and
follow-through

m Changing cost-
benefit comparison

by taxes & rewards

g eﬁect
(\a . Impacts on

Impacts on future
generationsand
people elsewhere

biodiversity giohal climate

N
& Impacts on
* water flows
W

Impacts on
water quality

Social status

(Qz Direct costs  guarded
<& Risks

.s In-direct
benefits

In-direct costs

3.12 The Maslow pyramid

... of human well-being identifies seven require—ments: seeking security in basic needs
before self-realisation, as part of the human relations with a landscape and the external

world.®
Rest of the
|L@ [ﬁ]@l MS@ Marketable World
. . goodsand
inSt_ltl.ltIOnS services N . I
‘ Q’ @\ : Governance, atlona
S : é\rﬂmc&\) scale
\\‘P Identity, self- i
“\74 realization
L o Labour outflow Diaspora networks, still
‘9@ LLELIIES Education associated with source
‘é\ Social relations : area; circular migration
P )"
ég,{; ncome H- ax .
& +EliED ) Public healthcare, Hygiene support
@6’ Food & water security 4=mm staple foods, Oth(?r food-, Water supply
Physical security, shelter | State-based security, Building materials

Remittances

Extended family networks, safetynets, retirement options
Co-investment in environmental services appreciated externally

The So what?, Who cares?, and Why? of a theory of change (ToC) 43



3.13 Five ways of knowing that jointly can change social-ecological
systems

Returning to 1.1 we can now better appreciate the complementarity of the five ways of

knowing that a boundary agent needs to reconcile.®

5 ways of
knowing in
Ecological-Social
Systems

We
underst

can predict

Glocal
cycles,

We care 1. Emotional basis

5.Governability

Carrots,
Paradigms e StiCl(S,

and,
Sermons

Political
ecology

science

issue ] ﬂ 4.Stakes,
values

goals 3.Threats-
issues

3.14 Three paradigms within the ‘payments for ecosystem services’
(PES) umbrella

... are Commodification (CES), Compensation (COS), Coinvestment (CIS).%*%

Definition (based on Wunder): % %
At least two actors (‘buyers’, ‘sellers’) involve voluntarily¥in‘a realistic and'cohditional transaction that

enhances ecosystem services .

In practice, due to limited clarity on property rights and challenges in MRV,
most programs start de facto as ‘coinvestment’, with FPIC standards for community voluntariness

{lm:reased ‘efficiency’?? J

C

Flexibility in producing

well-defined ES using

operational indicators
for ‘scalable’ ES; price
based on bargaining
power, demand &
supply elasticity

44

C
C

tunitie:
but les:

A rights _

S . -
o o - A

[ Increased ffairness’?? J
Opportunity to support
interest of rural
poor in situations with
contested land

ES: Commodification of ES through
ES1: Market-based trade in units of ES,
ES2; ES-certified commoditie:

Property

use rights and ES

COS: Compensate legal land users for their oppor- as emet_'gent
s skipped to shift land use to more profitable, properties of

s ES friendly land use. landscape
Access to maosaics

CIS: Co-Investment in Stewardship of environmental integrity or

restoration of environmental quality
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3.15 Biodiversity paradox

Urban consumers have more and more choice of foods, derived from farms and landscapes
that get less and less diverse. Compare markets in Luang Prabhang (Laos) and Wageningen
(the Netherlands) on Mekong and Rhine river bank, respectively.*.

Shop-keeping
unit (SKU)
diversity

3.16 Combining PES paradigms across scales

is certainly possible, for example using international borders of countries and
subnational jurisdictional entities (geographical or sectoral in nature) as points for
exchange, recognizing that a fairness versus efficiency balance needs to be observed in
their specific connotation at any scale.®

Fairness/Transparency Efficiency/Clarity International rules,

‘ I fund/market

Legend:
2 g Nested baselines, certi- R -
.g £ fied emission reduction espect, Image,
® 5 . Knowledge
[ Q. ~= ~ o X =g
,,,,,,,,,,,,,,,,,,,, ngpen sation |
Subnational sectors/areas < privatesector N Free and Prior
-

Informed Consent

by sovereign deci-
Additionality~ baseline sion makers

Leakage/displacement

Trust/threa
Investment/’

Finance: invest-
Local sectors/areas <> private sectorC o I n ves t m e n t 1 ment, payment

Monitoring C stocks & Certified
project cycle aspects Ecosystem

Service
" Local sectors/a reas:
communities, households

Sustainable direct drivers
support legradation
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3.17 Instrumental (goal-oriented) and relational values

.. influence human decisions at farm, landscape, national and global scales; currently

progress is made on deeper understanding of the way relational values complement

instrumental ‘ecosystem services’.”®

Dﬁm'l'% Infras‘zu:turEe: F°°d'_ Identity: inseparable from nature, totem
ea nergy, dter, ceonomic Fear: spirits, beasts, droughts ;

3mmn paum ﬂ I
M” N i ‘e Respect, honour, don’t disturb
: & _M/\ E ‘a Wilderness to be conquered

<. Appropnatlng contributions#

O
2

Reciprocity: fairness, siblings
“=Love/Friendship/Inspiration
. Stewardship, taking care
. Y Moral ambassador intrinsic value
Advocacy for Nature’s rights
Extinction rebellion, Plane-
tary anxiety

Governance, Cooperation,
Responsible trade & con-
sumption, 52
Gender, Re-
duced inequi-
ty, Education co

3.18 Valuation as a means of communication

. between ‘values held’ in the wider community and the multiple concerns a decision
maker tries to reconcile. Relational and instrumental (services, contributions) value
articulations appeal to different styles of decision making.**

Values = Valuation = Communication = Decision making

Relational

Intrinsic

Instrumental

Stalkeholders = Diversity = Institutions - Interests = Power
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3.19 Three forest-water paradigms shape policy responses

... as simplified guidance suggests that either tree planting is a universal solution, a risk
for downstream water users, or an activity that needs to be understood in its local context
with scale-dependent answers.”

Blue water revolution...

Paradise lost
All problems of too much
or too little water are
caused by deforestation,
tree planting is the
universal remedy

The combined JENEEEE)RENSIEEE

Forests@hd fast-growing

] f Leaf Area litter,
effects of tr_ees Index el treesouse re water (up to
depend on location, ) A Macro- 20%OFRET) than other
A Rooting i etation
water use means depth porosity

formation

cooling + recycling AR

3.20 Ecosystem Services typologies

relate ‘ecosystem function’ to various types of human benefits (provisioning (p), regulating
(1), cultural (c), supporting (s).*

X Micro-/meso-

. | " climate
(seasonal) A Surface T } On-site prima-
Geaiiies litter, sealin g

e - g ry plant pro-

ductivity
A Rooting A Macroporo- } Aquatic life,

depth sity formation \ \

benefits

) fisheries
ARain T : . ‘, River transport ¢=
7 Jf} Hydro-energy (3
Forest & tree s |

A } Flood pro- E
properties  [and- tection 5

scapg . Culture
Water management ° Ecotourism
Trangport Drinking & v

domestic water
¥® Human health u"

~
~
il PR S
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3.21 HANPP: human appropriation of net primary productivity

... is a measure of the overall human impact on ecosystems.®’

Balance
[gCIm*lyr]

I <-10000
[ -10 000 - -1 000
I -1 000 - -500
I -500 - -200
[ -200--100
[]-100--50
[]-50-50
[]50-100
I 100 - 200
I 200 - 200
I 300 - 500
. > 500

[ INodata

Erb, K.-H., Krausmann, F., Lucht, W. and Haberl, H., 2009. Embodied HANPP: Mapping the spatial
disconnect between global biomass production and consumption. Ecological Economics, 69(2), pp.328-334.

3.22 The land sparing/sharing debate

... has focussed on either closing mono-cultural yield gaps (through conventional
‘intensification’ — see 2.1.23) or exploiting land equivalent ratios (through ‘ecological
intensification’ — see 2.1.24) as approach to reconciling production and conservation needs
of society.%99:100

An institutionally segregated F (forest

institutions) and A (agrarian institutions):
zero-sum game land sparing

A configuration with F
Al supporting an af — A -
gradient:

£

A G
S ey ( w
A low tree cover

g version of any of the
four, with grassland
(G) interacting with A

A forest (F) and
agriculture (A)
continuum under
single (community)
control, e.g. LA combining sparing an
swidden/fallow sharing aspects

cycles

An institutionally integrated gradient from
F to A via intermediate-intensity af land
uses: sharing for land multifunctionality
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3.23 Pathways for tree crop rejuvenation reach across scales

While large-scale plantations may plan for a rotation with replanting at the end of a cycle,
paid for by current production elsewhere, smallholders generally have not been able to save
for such and are dependent on external support, often in the form of government programs
and subsidized loans. There is, however, an alternative in the mixed-age agroforestry
system that are managed at tree, rather than field, level and in which risks are manageable;
top-working and in situ grafting can be applied to coffee and various other fruit trees.'™

Supply-shed-level

Local supply stays (or is expected soon to

1 1 do so) behind on installed processing

Tre e C ro p reJ u Ve n a t I O n capacity, making investment in
rejuvenation inevitable

e . - _
Low-risk, low invest- hiish yleldst_a ’ Farm-level
Plot-level ment needs. not geted, but risks of lot-l | . )
Managing a mixed- achieving mlaximum R i el o e"’e' Ohtal:lllng C'EId'tt_tD
age stand where duction/h to investment Remm_/e emsjung cover e re: ::In e
praduction/ha — vegetation (with or costs and the
enough t"_EES aliz d without burning) and  [UETWICEIED TR T
pl-'Odl:ICtIVe to Tree-level plant new (grafted?) until a net positive
maintain positive Tree-level CEEL ST el i cash flow is attained

cash flow; consider i M Remove existing planting material &
_ plut_—leve_l productive clones on vegetation (with or density, inter-
diversification without burning) and cropping?

existing stems,
maintaining root plant new (grafted?)
seedlings

systems and soil

Internal rejuvenation, mixed-age /| Rotational, even-aged plantation

3.24 Addressing root causes, the common stem and the diversified
canopy

Metaphorically, trees can be used to describe and analyse issues the way they appear and
in their underlying and ‘root’ causes. Where multiple issues derive from similar structural
aspects and root causes, it may be feasible to find coalitions that can address them jointly,
rather than one by one.”®

change

Global climate
Local climate

Water-born Blackout (hydro-
disease ghap=2d i
ol )\ ) power fails)
aKes, MVersj, creased Reservoirs Wasted public people Drought_

polluted " - investment No water
Landslides, Soil ferti-  filled with fromthe  Drought_ ecosystems

debris flows lity losteg & ' ta crops Haze_air
Washed-out ) ‘p Drought_ pollution
Floods, bridges, roads.a i livestock

Drought_

Fires

el destroying

homes
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3.25 Policy questions in reducing deforestation

Since the 13" Conference of Parties of the UN framework convention on combatting
climate change, held in Bali in 2007 supported experiments with incentives for ‘avoided
deforestation’, under the heading Reducing Emissions from (forest) Degradation and
Deforestation (REDD+), the commonly used metric for deforestation (X football fields
per hour) was the basis for exploring many of the institutional issues in a world that wants

to play football while maintaining trees.'*?
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Is the goal :
‘[ .Made from cer-.:. —
tified wood?
~

-Who are the ..
defenders?

v - - v 5 i : 2 - I
Is one tree + 30% grass enough 2y
to qualify as forest? : BaidiBVel

Is the playing

| Thfe whife-maﬁ referee Are the lines clearly.
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Leverage points for a Theory of Induced
Change

4.1 The issue attention cycle

... describes a common pattern in stages in public discourse and debate that can lead to the
emergence of ‘new’ policy instruments that may (or not) lead to a reduced prominence of
the issue in the real-world; progress-markers for stages in the cycle exist.!%

o Regulate and/or reward

Who'll
pay?

What it cost?
What can be dongfto stop, Evaluate,
mitigate, undo ogfadapt? re-assess
How much Who is to
and where? blame?

Political prominence
Z people * influence * concern

Isita

problem? Cause—gﬁect
mechanisms

Scoping  Stakeholder Negotiated Implemen- Re-
analysis response tation evaluation

Stage of the issue-attention cycle

4.2 1 everage points for a Theory of Induced Change (TolC)

... can focus on & D (drivers) 3
adaptive, mitigative, G Oa IS @f o ~ 0o
i (- L &
transforn.latw? ar.ld/ 3 s"go 6@ P (pressure) O
or re-imaginative 7z $° g -l spatially Q)
o 3 - & ) licit —
change that targets % Groups, & J;\@x\“e e

Ruals, Ay A4S 8 (system state)

various steps in ‘
Q Affiliation, 1O, tive ch
\Z naapP ange N Socially

the DPSIR cycle, Status 7 cC
. . . i differen-
interacting with five  [E] Evaléation & - I (impacts) 'tiaet;e d” 7
steps in an issue/ ’"""g‘” i’l'g ’ D) 0 CISITORS (A Agenda setting,
decision cycle.” Vo QRP™ R Better, shared

: menting institution (responseg e understanding

Coalitions, commitment  /ssue attentio®
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4.3 A combined typology of knowledge and action

.. describes increasing complexity of linking the two.!%*

A = Anarchy

Dc = Centralized governance

Dpc = Polycentric democracy

DS = Disciplinary science

DSS = Decision Support System

IK = Interdisciplinary knowledge

JF = Joint factfinding

K2A = Linking knowledges to action
NSS = Negotiation Support System

4.4 Negotiation Support Systems (NSS)

The interface of science and policy has often been viewed as one of ‘Decision Support
Systems’ (DSS), where science provides guidance. As alternative the concept of NSS
emphasizes that understanding of how current and feasible landscape configuration
translate to the performance indicators relevant for multiple stakeholders, interacts with a
process-oriented negotiation through multiple feedback loops.'®

Negotiation Support System (NSS)

performance
W o _“mdicators
ts & A
new Componen S t{r q ‘ ‘ 3
technologles 1 ¥ ’

eholders

pe.
>

Negotiations

changes pl‘o cess
Spontaneous change /
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4.5 Understanding a ‘policy-mix’

.. in which aspects of regulation, incentives and motivation are designed with single
policy objectives in mind, but jointly influence citizen decisions and choices, with risks of
‘perverse incentives’ and potential synergy.'%

Policy instruments ~ -----------

Regulation Incentives Motivation
Policy objectives: 1 2 3 . X w201 23 X2 23 .X.Z
Legal consis- Social vs Motivational
A aaa tzn._:gJ canstf- private erowding,
B bbb tution as rofitability, ‘lost in
baS!SJ devo- .?ntcmal'iz.fng ranslation’,
C ccc lution of economic Internalizing
authority externalities in identities,
.......................................... ;
' X Enhancement of . N N . .
l Ecosystem Services “" internal coherence and consistency--------— I
b bbb i bty = A 4
P across taxes consistene
itigation, and i
Z 722 Pmedentsl subsfdfzs.

Policylmix influencinlg citizen deci!ions,
with competitive and synergistic effects

4.6 Five scales of economic analysis

.. of human decision making in the face of scarcity and limited resources: Giga, Macro,
Meso, Micro, Pico. They each have a specific type of Economics that aims to understand
decision-making facing (scale dependent...) scarce resources.

SELLLEIN Foological economics: planetary
getusa

new planet

Global,

boundaries put hard constraints

Ecological

National scale decisions on scarce
resources

Environmental economics:
internalizing externalities of individual
decisions for common goods

Individual & household decisions on
scarce resources

Monetary fungibility

level === individual BEHEEOM Behavioural economics
eve accountlng JANVREEIRN really internalizing externalities at emotional
and decision-ma |(|ng UETJIL S core of decision making
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4.7 The doughnut challenge

... to define and stay within a safe operating space for humanity, not trespassing boundaries
of planetary ecosystem functioning, but dealing with the existing development deficits, as
specified in SDG’s 1-12 and 16.""”

Land system change
Biodiversity loss

Stratospheric
Ozone pollution

Nitrogen
fixation

Ecological limit

Social target Phosphorus

loading to
freshwater

Climate
change

Freshwater withdrawals

Ocean acidification

4.8 Boundary work

... to link knowledge (of options in context) with action (on issues and goals) by A. agenda
setting, B. better understanding, C. coalitions for ambitious commitments, D. devolved
(means for and of) implementation and E. evaluation (monitoring).'%

s
5
E 3
®
% Issues

of Values, Knowledge, Rules, Global
connectivity, Markets and Environmental impacts
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4.9 Ecological and Social aspects across seven landscape issues

... vary in their technical (ecological, biophysical) versus institutional (social, political)
centres of gravity, even though for real-world impact they need to be approached
coherently.'®

germplasm sources

t Domestication t

Crops, usable trees, livestock, germplasm supply <]
systems
Diversitication

Cropping and agroforestry systems ~ land, labour, <:|
pest & disease, nutrients & water

AF system improvement

Forest, land, water resource access, drainage & <:|
/ irrigation, fire control /
‘ Landscape management ‘

/ Product and environmental service value chains / <:|

t Value chain development

Forest-based, on-farm, off-farmlivelihood <:|
components
‘ Human mobility ‘

Rural-urban (desa-kota) extended family networks / <::|

‘ Institutional leverage ‘

/ Species diversity, geneticvariation, local & external /Cj

abupys pup uoIPLIDA [02160[023 1 213OWID

4.10 Reconciling ‘top-down’; and ‘bottom-up’

... perspectives on land restoration requires that the role of visionary prophets, practical
profit orientation and transparent prove-it agents all play their roles."

Negotiate inclusion of the local
initiative in national programs
Seek external ‘coinvesters’,
interested in participation

Diagnose ‘Drivers’, Spatially
prioritize Land Degradation

Identify the main ‘pressures’

and “points of leverage Deal with the ‘prove-its’ in

administration and rule
implementers

Seek ‘Free and Prior and = Clarifying the ‘profits’ that can
Informed Consent” as justify co-investment
Local ‘Prophets’ as visionaries

evidence of participation ‘
of what change can look like

Acquire budgets and organize
support, incentives

Implement and find out what
people really think and do...
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4.11 A map of 18 pathways to the eradication of extreme poverty

. through international agricultural research, as part of SDG agenda reconciled multiple

theories of induced change.!'*!12

Eradicating extreme u@@wm AL

Material flaws 17. Natinnal 1E. Natianal fond & *g D:Ilr’

<4 IHHUE"?: agricultural RED
Entry paints for

induced change
1. G innovations to increiss
o [ L L]

et i 1
praed u.u-'h. . : 15, Food
2. MEE Innovations b increase = . 14. Food supply
productivity G*M™E intef- 10. Human

3. G inncvations [ERELERE s S nutritian
T L agical aptians in Ty m— tAREE LS
0 ; - I 11. Hurnan health

production risks

] i - food consumers

SO TRLES ﬂ'llk innovation B. Cutput market

tions to minimiz®  §_ nput markst f .
imperfections and

waste

1E. Faad

production risks  jmpearfect B e fee failures
- and Failures ’ y .In:::hn s
diversification [EETETPRTRTEAT - 13. Education

rights & ansibilitiec
— 12 Human health — far-

E al natural re- 2. Mabural res 0 Ange
E. Integral natural re " mers and farm workers)

property rights and livelihoods

SOUPRCES Mi3nageEmiEn t

4.12 Capital interactions model of national policy options

As all sectors in a national economy interact, planning policy leverage requires integrated
models, way beyond applying green paint in an effort to ‘greenwash’.!?

International markets International conventions

' p S
Natural capital

Adjusted GDP-
Jobs in mining (resource extract e
depletion (incl.

rowth
& S Jobs in forest extraction forests, oceans,

Fi I licy: Green ijS (in natural resource fresh water, energy
el [TeleE ’ management, renewable energy) stocks)

O Quality of spending - .
Investment in \ Jobs in plantations

renewables and Damage to global
human capi g g
Jobs in manufacture climate (net of fossil

Crowding-in private b o th
: . . carbon emissions, other
investments Jobs in services (incl. trade, TG A - K
Taxing negative transport, health education, tourism) St

Rights & responsibilities

Tax and consumer
Demography, resource

spendin,
P & access and (in)equality
in asset endowment

Basic model of a national economy with policy leverage domains

Theories of place, change and induced change for tree-crop-based agroforestry

56



4.13 Restoration intensity

can be classified by the scale at which interventions are needed to stop degradation and
improve sustainability: I. within a land use system, II. within a landscape, III. within a
national economy, IV. global responsibility.**

Theories oF

T el ol i i e i i i " R A R A A A A A A A Ml M M N R " ™ ™

-~
f'Natmnr Soeial-Eeolo- ™

P Social-ecological s toms \
lace | Istate | gieal System K o) : 1
11 1 Land |
i 1 Land cover Ecosystem | I
| 1 = services | )
. | | i People | | Restoration scales:
ange 2 « withi
: | I me;;-\:;o: —_ Consequences | :RI. WIFhIE’} land use
| o g tE t & stakeholders: | Rll.wn_:hlp Ioca'\ SES
| Sl TR T > | IR IlI: within national
1 T coinvestment? h
Induced] e A T _ : ’ | I policy
change | Drivers: Policy mix: IR IV: International
IR Markets, Rights, Response I support
|

Identi options |

4.14 Tree crops as part of the land restoration debate

understanding genotype (G) x environment (E) x management (M) interactions as basis
for in its link between local action and global concerns'®>

International concerns & agreements
Sustainable Development , Climate , Biodiversi

P[F@\Yi@[fﬂf@ degradation<=>Support restoration

Q LU plans Tenure Markets Technology
- governance  infrastructure  capacity

Eoren nvestment

Agriculture,

U : The topdown

rban o 1A~ .

Land use i-e AV =)= NCoOn p@YSP@Ct[V@S on
> . ‘restoratation’

deals with many

[ocal bottom-up

Avoided international migration
Reduced ecological footprint

Local knowledge

of patterns
& processes
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415 Certification

. emerges when consumers lose trust in either a product as such, or the social and
environmental consequences of production, at predictable points along an ‘issue cycle.
While first ‘shifting blame’, publicly scrutinised standards can nudge towards safer,
cleaner and fairer production.''®

Issue-attention cycle:
dynamics of discourse
& ‘solutions’

Status of =
ecosystem B
services

& social
conditions

Sustainability
standards

Standards varying in ambition

4.16 The common Rio agenda

... between the three global environmental conventions on land degradation (UNCCD),
biodiversity (CBD) and global climate change (UNFCCC).!¢

Land degradation

Soil loss, affecting
Water buffering,
Nutrient & C cycles

Increased Decreased

need for UNCCD buffering of
buffering I structure &
extremes function

UNEE A

Climate change Biodiversity loss

Increased human vulnerability
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4.17 Reducing emissions from all land uses (REALV)

Investment in tree-based C sequestration, A/R-CDM, followed by REDD+ and NDC'’s,

is still challenged by fairness vs efficiency considerations in global climate convention
(UNFCCCQC)."”

The efficiency versus fairness challenge in REDD+,
A/R-CDM and NDC’s (NAMA’s)

Fairness criterion: reward earlsenmtinn}

C-stocks
t/ha

ethic in low-risk locations

verifiable emission reduction in

Efficiency criterion: focus on J
high-risk locations

Depends on
definitions used

¢

- Time, national land-use-change trajectories

4.18 Land-use effects on hydro-climate

.. complement mitigation and adaptation as the two main UNFCCC concerns as pathway
to reducing human vulnerability.''®

The third side of the climate change coin

é E : Exogenous
-y gasses ) , variability
DY Climate
1. Mitigation x systems
§‘§ Impacts of actual &
':%% predicted climate
Human action Cha"geecg: :t”er::i“ and
Energy use, v 4
Tt 2 Adgfftation

Human quality of life « Vulnerability
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419 Zero-deforestation commitments

... are more easily made than transparently implemented. The higher the ‘forest’ threshold
used, the less impactful the commitment is, as it allows conversion of ‘degraded’ forest.!"?

What ecological threshold

is used?

Which forest concept: lzenilien ol o

i ?
institutional or vegetation- I

based?

/Zero-deforestation
commitments

What sanctions

Is ‘legal’ forest apply?

conversion included?

How can ‘leakage’ Beyond what year do
risk be managed? ‘grandfather’ rules apply

4.20 Living-wage commitments

. are now applied to producers of tropical tree crops. A number of cocoa producing
countries now set national floor prices to provide a living wage for smallholders (of
specified farm and family size). The concept of a ‘just’ wage has deep historical roots.'?

Cost of basic
but decent life for a Statutary

family payroll
deductions

and taxes

Number of full-time
workers per family
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4.21 A proposed global deal for Nature

... will prioritize half the Earth for other biota than our own species. The opportunity for
reconciling conservation and development goals may be larger in landscapes in which
land units support multiple functions.'*

‘Global Deal For
Nature' //‘Sustainable
Development’
Segregated or

Integrated?

- Urban, trans-
port, industry
Open-field
agriculture

() Half-open

agroforestry
- Natural forest &
analogues

4.22 The agenda for the Anthropocene

. requires sustained agility in restoring envirnmental integrity while minimizing
development deficits.'?

Historical ;

trajectory Environmental integrity . -\d\
‘Green -

revolution

‘Environmental
awareness’

Agricultural production=»

Here and
now
L~ Business as usual
-
Doomsday - (too slow response to
e = === . .
degradation scenario - environmental signals)
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Discussion

All these concepts play in the background of every chapter, but human brains cannot deal
with all this complexity at the same time, so the chapters follow a linear sequence and
structure. We started with basic attributes of the various tree crops, the social-ecological
systems in which they play a role and gradually moved towards the more policy-oriented
perspectives on how negative futures can be avoided and positive ones brought within
reach.

How similar

history? is ‘our’ context to any
- Context of the docu-mented

Which history/ies get description success or failure
published/publicized? stories?

Who gets to (re)write

Path dependency?
Use- How have the

Choices ' oriented documented cases
science been selected for
\ engagement &
description?

Are choices made
understandable from
options available and

af:tor Bias in studied &
perspectives/stakes? opt,-ons published cases?

Despite the current opportunities for ‘systematic review’ of published literature,
interpreting the evidence in the light of known bias in what gets published and what not,
is still an art, rather than mechanical, fully replicable process.

A. Shared understandin. and emerging issues

Is it real?

Denial
Pledges

B. Societal willingness to ai

1 ElEE

Issue
S d
C. Governmentability pathways to change: from blame games to unaer
Blaming taking responsibility and ability to act control

others, 3
conspiracy

4

Prescriptions

Innovation

1...10 Progress markers along 4 interconnected
knowledge-to-action chains.
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Identifying, addressing and overcoming the four types of constraint to effective, fair and

sustainable solutions to emerging issues is like searching a four-leaved shamrock:

The traditional role of research is focused on leaf A only, but ‘boundary agent’ scientists

can also contribute to the other three.

Table 1. Suggested progress markers for four interlinked ‘knowledge to action’ chains that
govern the way ‘issues’ progress in social-political systems!®

A. Science-based
understanding of

ongoing change and
emerging issues

B. Societal
willingness to act:
from denial to
responsiveness

C. Governability

pathways to change:
from blame games to
taking responsibility

D. Technological
and institutional
innovation for real-
life solutions

1. Initial guesstimates
of seriousness of
impacts of ‘emerging
issues’ based on
current understanding

1. Steps from
‘ignoring’ to ‘denial’,
based on conflicting
evidence from ‘best’
and ‘worst’ cases in

1. Moving from
‘blame games’
to identification
of current rules,
incentives and

1. Adequate
grounding of potential
innovators in existing
knowledge and
theories to explore

of ‘systems’ public discourse motivational new applications, and
instruments as in lists of ‘unresolved
contributors/ questions’ for society
aggravators of the at large
issue at stake, and
options to reform
them
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A. Science-based
understanding of

ongoing change and
emerging issues

B. Societal
willingness to act:
from denial to
responsiveness

C. Governability

pathways to change:
from blame games to
taking responsibility

D. Technological
and institutional
innovation for real-
life solutions

2. Operational
definitions of the
entities and processes
associated with the
‘issue’ (potentially
reframing, splitting
and lumping of issues
based on causation
and/or effects)

2. Steps from
‘denial’ to accepting
issues as part of the
concurrent ‘agenda’,
requiring debate in a
multiple stakeholder
context with multiple
‘knowledge’ claims

2. Reflection on

an ‘at least do no
harm’ precautionary
principle in the face of
remaining uncertainty
and existing
communication
pathways with the
wider stakeholder
community

2. Safe spaces for
innovators, in terms
of resources (finances,
facilities) needed

and protection from
micro-managers

3. Cause-effect
mechanisms, feedback
loops and system
dynamics associated
with the ‘issue’

3. Steps from
‘blaming others’

and ‘victim roles’ to
facing complex reality
and taking shared
responsibility

3. Path dependency
of the issue and
opportunities to deal
with the established
context and its spatial
variation

3. Support for
functional diversity
of pathways explored,
and delayed, stepwise
selection of increased
support for ‘likely
winners’, within clear
societal goals and
criteria

4. Agreed methods
with known biases
to allow replicable
research and mapping

4. Initial estimates

of differential (by
geographic and social
strata) vulnerability

4. Relevance of and
steps towards legal
change in rights and
responsibilities in the
existing constitutional
framing

4. Risk awareness

and compliance with
agreed safeguards by
all innovators, but
especially the publicly
supported ones

5. Studies of spatial
extent and temporal
change of key
aspects of the ‘issue’,
its “‘drivers’ and
‘consequences’

5. Initial estimates
of differential
contribution to
‘causes’ and likely
need to change
behaviour and/or pay
for damage done

5. Economic
(efficiency)
dimensions of
proposed pathways
for dealing with the
issue (at cause and/or
consequence level)

5. Early awareness

of scale relations

(in applicability,
undesired/unexpected
consequences) of
emerging innovations

6. Articulation of the
planetary boundaries
associated with the
‘issue’

6. Initial estimates

of differential
opportunities to adapt
to consequences and
reduce contributions
to ‘causation’

6. Motivational and
social (fairness)
dimensions of
proposed pathways
for dealing with the
issue (at driver and/or
consequence level)

6. Effective two-
way feedback where
existing theory (‘first
principles’) appears
to contrast with
emerging practices
(‘Pasteur quadrant’)

7. Using
understanding of non-
linearity and feedback
loops, propose
‘thresholds’ for ‘safe
operating space’

7. Articulation of
culture- and religion-
based motivation to
act in solidarity or
direct self-interest

7. Intersectoral
integration across

all relevant aspects
of current agenda's
(i.e. beyond the focal
‘issue’)

7. Early feedback
from potential users
and stakeholders

of potential
consequences that are
to be avoided

64

Theories of place, change and induced change for tree-crop-based agroforestry




A. Science-based
understanding of

ongoing change and
emerging issues

B. Societal
willingness to act:
from denial to
responsiveness

C. Governability

pathways to change:
from blame games to
taking responsibility

D. Technological
and institutional
innovation for real-
life solutions

8. Agreed monitoring,
reporting and
verification tools for
collective action at
relevant scales (local
to global)

8. Dynamic coalitions
for change in the

face of tradeoffs and
synergy with other
issues in various
stages of their own
‘cycle’

8. Polycentric
governance
dimensions of rights
and responsibilities
across institutional
scales

8. Opportunities to
evaluate likely wider
consequences in
scenario tools that are
sufficiently robust to
extrapolate beyond
known empirics

9. Scenario-evaluation
tools to judge

likely effectiveness

of proposed

and emerging
innovations in their
multi-dimensional
characteristics (incl.
tradeoffs and synergy)

9. Prioritization
among concurrent
issues and negotiated
trade-offs between
agendas of multiple
negotiating parties

9. Opportunities

for new public-
private partnerships
(covenants, phased
change, clarity on
long-term goals and
standards)

9. Stepwise empirical
tests at relevant

scales for ‘promising
candidates’, with
clarity on standards to
be applied for societal
risk management

10. Regular re-assess-
ment and recalibration
of simplified proxies
used for monitoring
compliance and prog-
ress in dealing with
the ‘issue’

10. Sufficiently
ambitious goals and
adequate gover-
nance instruments
(incl. monitoring
compliance and
effectiveness, sanc-
tions) at all relevant
scales in agreements
and plans of action,
with ‘common

but differentiated
responsibility’

10. Where necessary,
adjusting governance
instruments on the
basis of litigation by
specific stakeholder
groups

10. Adequate
recognition
(remuneration,
influence) for past
success (recognizing
its limited predictive
skill for future
sucesses)

Using such scales to take stock of an issue in a given social-political-ecological context,
will allow the evaluation of stepwise progress (or setbacks, as can happen) in relation to
the involvement of ‘agents of change’, for a more realistic ‘impact assessment’, rather
than claiming to ‘solve’ issues by any specific intervention. This might allow funding and
activities to shift from the current focus on ‘demonstrable and attributable impact’ towards
‘contributions to real problem solving’ and agility.

The multitude of perspectives on tree-crop-based agroforestry means that the toolbox of
research methods for current agroforestry research has expanded beyond recognition'* in
comparison with the early days of plot-level, replicated experiments aimed at establishing
responses to management interventions in a specific location. The various chapters in
the book review research with a fair sample of such methods, but more may be needed,
whenever issues require so.
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From M.C. Escher’s Metamorphosis

to real life action

66
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Agroforestry with a strong market-oriented component of tree crops but also supporting local
agroecosystem functions can be analysed and understood in multiple ways, building on many
disciplinary traditions and using their terminology and concepts. Characterization of context and
choices, plus understanding relationships and feedbacks is essential for appreciating ‘options
in context’ and the way these change over time. Beyond observer roles, active engagement
as agent of induced change to help make the world a better place has since long been the
ambition of advocates of agroforestry. As a background to such endeavours , this publication
introduces more than one hundred aspects, visually and with a short text, providing references
to more specialized literature. Aspects include: A) Characterization of structure in existing land
use can lead to a Theory of Place (ToP: patterns answering what?, where?, who? questions),
B) Diagnosis of functions influenced by changing practices and systems can lead to a Theory
of Change (ToC: patterns in answering how?, why?, since when?, so what? and who cares?),
C) Assessments of leverage points for adaptive, transformative and re-imaginative change
can lead to a project design Theory of Induced Change (ToIC), D) Research methods for
ecological, agronomic, social, economic and policy-oriented research require clarity on units
of analysis and scale relations of observable properties in relation to questions and hypotheses,
and E) Guidance on how research methods need to match the stage of public issue cycle debate
to contrib te to policy reform.
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