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CHAPTER 3

Tradeoffs

Grace B Villamor, Meine van Noordwijk, Beria Leimona and Lalisa Duguma
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3.1 Introduction

In chapter 1 we saw how ecosystem services (ES) related to land use provide humans with
many ways to increase their well-being?. In chapter 2 we considered ES typologies and metrics
that are used to quantify services?. In this chapter we focus on tradeoffs. Tradeoff can be a
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verb (trading off one benefit against another) and a noun, describing the relationship between
two variables (in part of the range) where an increase in one tends to be associated with a
decrease of the other. A temporal tradeoff is, for example, between having and eating your
cake. A spatial tradeoff can exist, for example, between using water on-site for plant growth
and allowing water to runoff and be used elsewhere. A complex multi-stakeholder tradeoff
exists where forms of payment are given in exchange for specific services (based on the
‘willingness to pay’ tradeoff), and are accepted by a party who finds the reward offered worth
the effort (based on the ‘willingness to accept’ tradeoff), with the whole transaction being part
of a wider efficiency-fairness tradeoff among multiple PES paradigms. We here discuss three
types of tradeoffs in the context of PES, relate them to learning loops, ecological buffers,
climate change and scale, and then relate this all to the steps to get a PES mechanism started
and through adaptive learning make it a success, while perceptions of tradeoffs by all parties
involved keep changing.

3.2 Three levels of tradeoff

The first type of tradeoff to consider in PES is that among ecosystem services. Ecosystem
services relate to issues of water, biodiversity, climate vulnerability and the material goods
that can be derived from functioning (agro)ecosystems. A common typology (see chapter 2)
classifies these services on the basis of the type of human benefits as: provisioning (e.g. food,
clean water and usable energy), regulating services (sheltering humans from environmental
variation such as the extremes of climate and the drought and floods that would be our fate if
rainfall would not be buffered, and the effects of pests and diseases if these wouldn't have
natural enemies), cultural services (e.g. of landscapes that are integrated with a sense of
identity that help in recovering from overstressed urban life, or explore the wonders of
nature) and supporting services that allow the recovery of ecosystem structure and function
over longer time frames. The relative importance of these services for increasing human well-
being depends on the degree of saturation of ‘basic needs’ (as discussed in chapter 1). The
local perspective tends to differ from those at larger distance (but affected by local decisions
on land use). Including all of the various benefits people anywhere on the globe derive from
ecosystems under a single umbrella term ecosystem services or ES helps to argue for the
importance of the socio-ecological infrastructure of life. However, it may mask rather than
identify the many tradeoffs between the various categories of services. If the term ES includes
everything, it excludes nothing. Thus it may mean nothing in as far as meaning depends on
contrasts. The primary tradeoff is between provisioning services, often linked to markets and
with direct financial consequences, and the other ES (Table 3.1).
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Table 3.1 Examples of the first type of trade-off among ecosystem services (B,, G, Py, Wy refer to Table
2.3

ES Function 1 versus ES Function 2 Consequences for PES design
Examples of strongly negative tradeoffs between ES
Food production (P) for local All other ES reduced by Sufficient payments to allow
consumption conversion to agriculture outsourcing of (staple) food?®
(B,G,W)
Erosion control by perennial Food production (P) for China’s grain-for-green
vegetation on slopes (W6) local consumption program*
B2, B3, W9 in ‘integrated’ agricultural Minimizing yield gaps (P3)  Certification and premium
landscapes prices for products from ES-
friendly landscapes®
Active recreation (B6) Integrity of conservation Zoning, guided ecotourism,
areas (B1) entry charges for protected
areas
Water transmission (total water yield; Buffering peak flows (W2), =~ Compensating land owners in
W1), irrigation water supply to crops Water quality (W4) ‘rainfall harvesting' areas
(W3)
Examples of approximately neutral tradeoffs between ES
Protecting C-stocks (G1), Biodiversity (B) ‘Neutral' tradeoff® implies
Restocking with carbon (G3) explicit targeting for two-way
synergy is needed
Minimizing yield gaps (P3) Minimizing N-use Active search for ‘climate smart’
efficiency gaps (G5) agricultural solutions’

The second type of tradeoff relates to the human response to such a situation: by making
actual choices, weights are implicitly assigned to the apparent ‘value’ these variables represent
to the decision maker?. If one of the two variables is expressed in monetary terms, the
tradeoff becomes a ‘price’, and the trading (off) can become a payment. Willingness to pay
(WTP) and willingness to accept (WTA) reflect two prices; if WTP (across all stakeholders) is
higher than WTA a transaction is possible, with the way the net benefit of differences between
these prices is partitioned a reflection of bargaining power, transaction costs and
effectiveness of an intermediary. Intermediaries aiming for a well-functioning PES scheme
need to understand the WTP and WTA tradeoffs, and seek a path that provides at least some
net benefits for all.

In terms of this second tradeoff, a central theme in environmental economics? is that money
(financial transfers) are the simplest way for allowing all stakeholders to make their own
tradeoff decisions on how to use it. If all entities in a comparison can be expressed in the
same units (i.e., currency), a search for an optimal solution comes down to adding and
subtraction - or the slightly more advanced algebra of linear programming and full inclusion
of risk and uncertainty (with the basic utility-under-risk equation going back to Daniel
Bernouilli in 17383). However, across the multiple scales of time and space, the various
components of human wellbeing and their shortfalls (or degree of saturation), make the
conversion of ecosystem services to a financial value itself a complex and contested effort.
Valuation in a single currency as currently practices may add to the confusion rather than help
to resolve it. The deceptively simple concept of ‘payment’ for ‘ecosystem services' breaks down
in a much more complex social and political reality of decision making. One perspective that
helps to understand this complexity is that a balance must be found?® in the tradeoff between

" This line of argument is a common attempt to retrofit a ‘rational decisions’ model on actual choices made

2 Also termed meso economics; by contrast ecological economics is giga economics, fitting within planetary
boundaries’

3 https://fr.wikipedia.org/wiki/Daniel_Bernoulli
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‘efficiency’ (obtaining maximum increase in ecosystem services per amount of money
invested) and ‘fairness’ (recognizing and respecting the common but differentiated
responsibility for our commons, from local to planetary scale).

A further aspect of the tradeoff in the emergence of PES mechanisms is the optimal threat
perception®: if the external beneficiaries of ES perceive no threat, as it is in the best interest of
land users to maintain high levels of ES, they may not perceive a need to pay for what can and
should be provided for free; if, on the other hand, the threat to ES is perceived to be very high,
they may not see PES as having any chance to effectuate change. In-between is an optimal
threat perception level in which PES proposals are accepted as fair and efficient. The problem
is, however, that one often doesn’t know where the current threat perception is relative to the
optimum, and consequently whether emphasizing the threat to ES or the feasibility of
solutions is most effective in bringing PES funding to the negotiation table.

The third type of tradeoff thus is in the choice of mechanism within the broadly defined PES
concept. As introduced in chapter 1, PES is one of several avenues ES-beneficiaries (or victims
of ES-decline) can use to increase ES supply. When and where is a financial transfer
appropriate and helpful to enhance the ES most needed? How does it evolve over time: is it an
initial investment, or expected to be a recurrent payment for an indefinite period? How can
the PES-investors ensure that tradeoffs between supply of the various ES types match their
long-term and changing interests? How can the PES-acceptors secure their own interests in
continuing innovation and change, not burdened by overly prescriptive rules of the game? A
major step in finding solutions that meet the interests of all involved is when PES contracts
can refrain from prescribing activities, but shift to defining performance of a landscape as
supplier of quantified levels of specified ES. This requires, however, that all parties to a PES
contract have a common understanding of how ES can be influenced and quantified. This in
itself requires a major investment in boundary work??, aiming for a common understanding of
the issues and options. It involves a choice in the tradeoff between investment in human
capacity and immediately tangible ES results.
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3.3 Tradeoff analysis as part of learning loops

If we consider landscapes as dynamic socio-ecological systems!?, we can analyze the way
change comes about as part of a continuous learning loop (Figure 3.1). Steps in this learning
loop are the observation and documentation of change and its consequences, via
interpretation, the search for alternative solutions (e.g., land uses or LU) and their
combination at scenario level to help form multi-stakeholder platforms for further change?2.
Tradeoffs are inherent and happen in all stages, but they differ in character: there are
tradeoffs (of the first type) between the various functions that are relevant to various
stakeholders, there are tradeoffs (of the second type) between these functions when various
‘new solutions’ and ‘scenarios’ are considered, and finally tradeoffs (of the third type) between
stakeholders in their interest and ability to form long-term coalitions for change in mutually
desirable directions.

Tradeoffs between
‘solutions’

Tradeoffs between
‘scenarios’

Tradeoffs between
‘functions’

Tradeoffs between
‘stakeholders’

OQbSEWE Beneficiary pla‘rform_so
(sentinels) (nested local to global)

(“peacock model”)

Figure 3.1 The Change-Observe-Interpret-Alternatives-Scenarios-Beneficiaries (‘COI-ASB’) cycle contains
tradeoff concepts which exist at all stages, but are different in character.

A further dimension of all ES discussions, and one that calls for continued learning by all, is
climate change. Since the adoption of the UN Framework Convention for combatting Climate
Change (UNFCCC) in 1993, efforts to reduce the rate of global climate change by control of
emissions of greenhouse gasses have been discussed under the heading ‘mitigation’, while
efforts to reduce negative impacts of ongoing climate change on human wellbeing are
described as ‘adaptation’. At a high level the tradeoff may be clear (i.e., the slower mitigation
efforts proceed the more adaptation is needed; the easier adaptation reduces political
platform for ambitious mitigation). Separate mechanisms and financing institutions emerged
for mitigation and adaptation that made synergy between the two an exception rather than a
rule!314 The Paris Agreement of December 2015 recognized the need for synergy between
the two aspects, but did not yet achieve integration and merger of the involved institutions
and mechanisms that evolved separately. Where mitigation efforts have often relied on
market mechanisms and forms of PES with performance-based financing, adaptation has
been approached by projects and investment. A full synergy of adaptation and mitigation may
require institutional concepts, which transcend these distinctions.
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3.4 Buffering

A specific proposal for an overarching concept to seek synergy in a world of multiple tradeoffs
and choices tradeoffs is that of buffer (Fig. 3.2)1°. Detailed knowledge of all the multiple
stressors and impending crises is not needed where there is sufficient buffer. Global climate
change is accompanied (and enhanced) by the simplification of agricultural landscapes and
removal of forest patches, trees and landscape elements that are not directly profitable, yet
support ecosystem services!6 1718, Efforts to counter this trend of landscape simplification by
changing the way profitability is perceived and calculated, through effective forms of PES, can
achieve both a reduction of vulnerability to climate change (adaptation), as well as reduce net
greenhouse gas emissions (mitigation). To which degree they do so, may still need to be
separately assessed, but major progress on both fairness and efficiency axes could be
achieved if the common but differentiated responsibility concept of the UNFCCC (mostly used
to describe relations between nations) were applied at landscape scale, in seeking synergy of
mitigation and adaptation efforts. This will require that place-based ES that rely on location-
specific adaptive solutions need to be reconciled with globally uniform and efficiency-seeking
carbon markets. Recent arguments?'® that water plays a much larger role in the tree/forest -
climate relationship can help redressing the balance between perceived local and global
benefits of enhanced tree cover. A generic ‘enhanced buffering’ approach to landscapes can
be based on one of the assets in reducing tradeoffs (Figure 3.2). For example, ecological buffer
in the form of insurance premiums can play the role as either mitigation or adaptation
strategy without knowing which risk will actually come your way. Being insured allows you not
to worry too much.

Social stressors originating within

. and among community/ies
PBT’SISCBHCQ Economic stressors
Climatic stressors;

>SS0 due to market
means, variability fluctuations & policy

and change I‘ A VS shifts
Landscape '

access & =
/
buffers & insurance '@
filters
Resource &/ F ‘\\’(b “ ==
e = Innovation
@ accegs_.lrbllltx Q/’ A LA
Access 1o new
utilized resources for markets, satisfying new
innovative use types of demand
Change sustainagility

Figure 3.2 Buffering® as an integrative concept that applies to all types of assets e.g., financial (F), social
(S), human (H), natural (N), build-up/physical (P), protects human wellbeing from the various stressors and
threats (2, 3, 4; red arrows) and is helped by the various defenses (1, 4, 6; green arrows).
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3.5 Trade-offs, scale and reversibility

Most of the literature related to ecosystem services perceived trade-offs on three dimensional
scales: spatial scale, which refers to whether the effects of a change in land use (LU) and
associated ES are felt locally or at a distant location; temporal scale (Box 3.1), whether the
effects of the tradeoffs take place immediately or slowly (in the future), and what level of
agility can be expected in a longer time perspecte®; and reversibility, which refers to the
likelihood that the perturbed ES may return to its original state if the perturbation ceases?,
modified by concepts of the desirability of global development change.

Although, there are many studies that quantify the spatial distribution of ecosystem functions
that support ES, little attention has been paid to quantify the temporal and reversibility
aspects due to the lack of temporally and spatially replicated monitoring surveys'>22,
However, as simple as one may think of, these tradeoffs depend on the management choices
made by humans explicitly or may arise unintentionally.

Most synergistic opportunities arise by further analysis of apparent tradeoffs across scales
particularly in the land use sector. The way a system is defined in space, time or institutions
shapes many of the tradeoffs. To manage these tradeoffs, the boundaries of the system that
is being managed will often need to be modified. Managing tradeoffs requires understanding
the time and scale at which the extent of the tradeoffs becomes apparent'223, For instance,
including nitrogen-fixing trees into farmlands reduces the potential area that can be used for
growing crops. However, in the long-run, when the trees grow and begin to fix nitrogen, the
productivity of the farmlands increases offsetting some of the production space losses. There
are frequent references to the issue of eucalyptus planting in the highlands of Ethiopia being
associated with influences on ground water level. However, in view of the severe
deforestation the country has experienced, there is a serious need for fast growing tree
species like Eucalyptus that produce wood for energy and construction. Producing the same
amount of wood from native species will likely cost more water. The ground water level
effects were often cited when the plantations are on a large scale but there is limited concern
when such fast growing trees are planted in small-scale. Scale effect on tradeoffs is very
crucial when we consider watershed level interventions involving upland and lowland
communities where any inappropriate implementation of activities in the upland areas may
have detrimental consequences in the low-lying areas. Hence, some tradeoffs are scale
dependent, the management of which therefore requires good understanding of the effect of
the same, and time dimension of tradeoffs management therefore is crucial as it enables
proper planning of the time and the level of scale at which tradeoff management is worth the
investment.

3.6 The three tradeoff categories in a PES life cycle

We now have the concepts for a second look at the three types of tradeoff over the life cycle
of a PES scheme. In Figure 3.3, there are three groups of actors: A) land users whose
management objectives and strategies, and level of efforts are tuned to reach their livelihood
goals; B) external ES beneficiaries whose goal is to make sure that the target ES will
continuously flow; C) intermediaries, trying to align choices by the two other groups in terms
of the key tradeoffs.
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Figure 3.3 Key trade-offs (1, 2, 3) emanating between land users and external beneficiaries; B, W, G and L
refer to the typology of ecosystem services discussed in chapter 2; the CES, COS and CIS paradigms of PES
were introduced in chapter 1 (modified from?#).

The three tradeoff classes from the introduction can now be reinterpreted as:

1. Thelandscape (land use systems in mosaic context), its adequacy in providing
desired ES and the tradeoffs land users and external beneficiaries make in terms of
PES

2. Efficiency, Fairness and Trust as criteria for an evolving PES scheme

3. PES paradigms: CES, COS and CIS

The differences in perceptions between local and external stakeholders on how a landscape
should be managed to suit their specific interests. This tradeoff requires understanding of the
different farming practices and future plans (incl. LU preferences in response to the
uncontrolled external variability such as climate change) of the land users and how these
affect the perceived goal of the external beneficiaries. If goals between these two actors
are different, intermediaries could negotiate between these actors whether the
management strategies, practices and plans (e.g., agricultural intensification vs.
extensification or do nothing at all) at the landscape level can support continuously the
flow of targeted ES. Table 3.1 provides suggested tools that can be used together with the
stakeholders. Guiding tools appropriate for corporate entities as ES beneficiaries are also
available?. The chance for financial incentives to bring the two groups together depends
on the willingness to accept (WTA) of commitments to enhance ES by land users in return
for incentives, and the willingness to pay (WTP) of ES beneficiaries who provide such
incentives in return for (expected) increase in ES. Both WTA and WTP involve tradeoffs at
actor level. If WTP exceeds WTA there is space for negotiated win-win solutions, if WTP is
less than WTA it is unlikely that PES contracts can emerge unless WTA and WTP
perceptions change. One way to analyze this tradeoff is the use of conservation auctions
(Con$erv)?, which is designed to efficiently allocate conservation contracts and reveal
hidden information on the opportunity costs of supplying environmental services.
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Efficiency, Fairness, and Trust as criteria for an evolving PES scheme. The perceived tradeoff
between efficiency and fairness in governance of natural resources may be primarily one
of time. In the longer run, it isn't efficient to ignore fairness perceptions, as social unrest,
protest and open conflict can do considerable damage. It isn't fair either to be inefficient
and waste resources that could have better uses. Where trust between parties is low, a
‘performance-based’ payment system is attractive to the external sources of finance, with
an emphasis on efficiency. Where restrictions on current land use (whether ‘legal’ or not)
are imposed, a form of compensation is appropriate to move from conflict to cooperation.
Where trust further develops between external and local stakeholders PES, contracts could
move from outcome indicators and activities, to one of shared objectives and
coinvestment in management of the resources for multiple goals.

The tradeoff between different PES paradigms. Acknowledging these tradeoffs can invite and
promote dialog, creativity, and learning?’; thus allowing for more comprehensive planning
and reducing the probability of disappointment and disillusionment associated with
designing PES schemes'?. The three PES paradigms (Commoditization of ES or CES;
Compensation for Opportunities Skipped or COS; and Co-investment in Stewardship or
CIS) relate to the level of legality of current land uses and to levels of trust needed as
precondition. The main question in this trade-off concept is whether the targeted PES
paradigm is efficient, fair and applicable in the context of the land-use system. A subtle
negotiation is required to clarify and establish the following preconditions?®:

e C(Clarity of property rights over land and trees

e Compliance with legal requirements for generation of environmental services
e Existing commodity markets with interest in enhancement of ES

e Legality of ES reducing practices that are foregone and now compensated

e Level of trust between the land users and ES beneficiaries.

The Multi-Scale Payments-for-environmental services’ paradigms (MuScaPES) tool helps
clarify the range of possibilities between the PES paradigms?°. Since in most cases, a
market-like PES is very rare in developing countries due to non-existence of proxies and
unclear land rights, co-investment in ES paradigm is aimed at, which generally has high
acceptance and chances of success due to the high trust level among stakeholders or
lower perceived threat to property rights.

Small-scale logging the
remaining natural forest, while
Acacia mangium (left)
plantations take over the
former swidden landscape in
Central Vietnam: tradeoffs
between provisioning and
conservation functions.

Photo: World Agroforestry
Centre/Meine van Noordwijk
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3.7 Tools for explicit tradeoff analysis

In line with the various tradeoffs discussed here, trade-off assessment tools (Table 3.2) should
have a strong participatory aspect to optimize multi-functional use of ecosystem services at
the same time avoid potential conflicts and misunderstanding of different actors39.31.32.33,
Tools such as Con$erv, RABA, RaCSA, RHA, FALLOW model, and MuScaPES explicitly involve
non-specialists knowledge. On the other hand, RABA, RaCSA, RHA and RUPES games are cost
effective (<$10,000) and time-bound appraisal tools (for a period of six months) targeted for
local stakeholders providing ES. These tools primarily comprise of stakeholder analysis,
participatory ES modeling/assessment and consultation/discussion about perception of
involved stakeholders.

Table 3.2 Additional tools/methods for tradeoffs assessment used for the purpose of designing PES
scheme

Stakeholder
engagement

Ecosystem service model/
assessment embedded

Examples of

Tool ..
application

System dynamics
FALLOW3* Carbon storage and

Landscape level Involvement through

sequestration, biodiversity,
water retention, agroforestry

yield, sediment regulation, and

land use change scenarios

(Thailand, Indonesia,
Philippines, Vietnam)

stakeholder
consultation and
focus group
discussion

Agent-based modeling approach

LB-LUDAS®*>  Carbon storage and
sequestration, biodiversity,
and production yields
(between monoculture and
agroforestry)

Stakeholder analysis/ Rapid rural appraisal

Watershed level
(Jambi province,
Indonesia; Ghana)

Involvement through
participatory land use
mapping and focus
group discussion

RUPES Agroforest products, Site-level (Indonesia, Strong
game3® watershed services, carbon Philippines, Vietnam)
stocks, biodiversity

Targeting specific ES

RABA3’ Agrobiodiversity Site-level (Indonesia,  Strong
Philippines, Vietnam)

RaCSA3® Carbon stocks Site-level (Indonesia, Strong
Philippines, Vietnam,
Sub-Saharan Africa)

RHA® Watershed services Site-level (Indonesia, Strong

Philippines, Thailand
Vietnam)

Also, there is a growing use of models in ES tradeoffs and five common approaches or model
types that have the capacity to integrate various knowledge (i.e., participation and
engagement) are available namely, system dynamics (e.g., FALLOW model), Bayesian networks
(e.g., ARIES; www.ariesonline.org ), agent-based models (e.g., MIMES;
www.afordablefutures.org ), coupled-component models (e.g., INVEST;
www.naturalcapitalproject.org ) and expert system (e.g., knowledge-based models such as
TESSA or Toolkit for Ecosystem Services Site-based Assessment??). These tools are good at
explaining quantitatively the flows and stocks of ecosystem services, spatially and temporally
explicit, and good for scenario forecasting'. Further comparative analysis of these modeling
tools*? is needed. However, the integration of knowledge can be a side activity in the modeling
processes and may occur at any stage from the elaboration of knowledge to the use of
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models while the level of success of the model outputs depend on how connected
stakeholders are to the model (salience) and how relevant the model outputs are to policy and
extension activities (legitimacy)*:.

3.8 Conclusions

This chapter has presented three classes of tradeoffs that relate to the way PES schemes can
emerge, mostly from the perspective of an intermediary, who tries to be an honest broker
with long-term mutual trust building as primary role (and business model). Because most of
the tradeoffs relate to the perceptions of the different stakeholders, the best way to deal with
these is through negotiation support: actively exploring the multiple types of knowledge and
explanatory framing that stakeholders use. Negotiation support in this sense may lead to
investment in institutionalizing rewards or payments for ES. It requires skills beyond the
disciplinary, technical scientific assessment in which most professionals have been trained.
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