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Zusammenfassung (German)
Die Doktorarbeit “Designing Payments for Avoided Deforestation - Theoretical and Experimental Insights for the Case of
Cattle Driven Deforestation in Brazil” behandelt das Problem,
wie Landbesitzer dafür bezahlt werden können, ihre Wälder nicht
abzuholzen. Es handelt sich dabei um eine Form von Zahlungen
für Ökosystemdienstleistungen. Im einleitenden Kapitel werden
Zahlungen für Ökosystemdienstleistungen allgemein diskutiert,
die Forschungs-fragen dieser Doktorarbeit vorgestellt und ein
Überblick über die Methoden und Resultate gegeben.
Der Hauptteil dieser Doktorarbeit teilt sich auf zwei Teile auf:
Ein konzeptioneller Teil (Kapitel zwei) sowie ein empirischer Teil
mit einem Experiment und einer Simulation (Kapitel drei und
vier).
Der konzeptionelle Teil untersucht, wie Zahlungen für verminderte Abholzung von Wäldern besser in die existierenden
UN Mechanismen zur Verringerung des Klimawandels integriert werden könnten. Diese Frage wird aus der Perspektive der
Berechnung und Bilanzierung von Emissionsreduktionen untersucht. Dabei werden die momentanen Berechnungsmethoden
für Emissionsreduktionen durch verminderte Abholzung von
Wäldern unter dem REDD+ Mechanismus mit den Berechnungsmethoden für Emissionsreduktionen durch erneuerbare Energien
unter dem CDM Mechanismus verglichen. Absolute Referenzszenarien, wie sie momentan für REDD+ verwendet werden, werden
als passender für regionale administrative Einheiten identifiziert.
Relative Referenzszenarien, wie sie im CDM verwendet werden,
werden hingegen als passender für individuelle Projekte befunden. Dementsprechend schliesst der konzeptionelle Teil mit dem
Vorschlag, einen verschachtelten Ansatz für die Berechnung von
Emissionsreduktionen zu verwenden, bei dem Projekte mit relativen Referenzszenarien in regionale administrative Einheiten mit
absoluten Referenzszenarien eingebettet werden. Dieser Ansatz
wird sowohl für erneuerbare Energien als auch verminderte Abholzung von Wäldern vorgeschlagen.
Der empirische und simulierende Teil der Doktorarbeit untersucht, wie die „letzte Meile“ von solchen Zahlungen für vermin-
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derte Abholzung von Wäldern an einzelne Landbesitzer strukturiert werden könnte. Hierfür werden ein Experiment und eine
Simulation verwendet. Die Frage wird für den spezifischen Fall
von Rinderzüchtern in Tocantins, Brasilien untersucht. Der Kern
des zweiten Teils ist ein Modell einer Rinderfarm, das als Computerspiel implementiert wurde. Das Grundspiel ist ein dynamisches
Landnutzungsentscheidungsmodell mit Unsicherheit über zukünftige Preise und irreversiblen Landnutzungsentscheidungen. Das
Spiel beginnt mit limitierter Kapitalverfügbarkeit, die sich jedoch
mit der Zeit abschwächt, wenn Profite gemacht werden. Zusätzlich sind sowohl das anfängliche Weideland als auch der verfügbare Wald begrenzt. Extensive Weide degradiert im Spiel wenn
sie genutzt wird. Weide kann nachhaltig intensiviert werden,
jedoch zu hohen Kosten. Im Kontext von Tocantins entspricht
„extensive“ Nutzung einer unkontrollierten Bewirtschaftung
mit circa einem Tier pro Hektar, während „intensive“ Nutzung
bereits durch minimales, nachhaltiges Weidemanagement erreicht
wird und circa drei Tieren pro Hektar entspricht. Alle Parameter und Preise in dem Spiel sind so gewählt, dass sie sowohl die
ökologische als auch die Marktrealität in Tocantins so nahe wie
möglich wiederspiegeln.
Das dritte Kapitel stellt ein ökonomisches Experiment mit lokalen
Stakeholdern der Rinderzucht in Tocantins vor. In dem Experiment erhalten die Spieler verschieden strukturierte Zahlungen für
verminderte Abholzung von Wäldern. Das dritte Kapitel berichtet
die experimentellen Resultate und misst den Effekt der Zahlungen auf die Abholzung sowie die Produktion von Rindern im
Vergleich zu einer Kontrollgruppe ohne Zahlungen.
Wir analysieren drei Aspekte der Strukturierung von Zahlungen, namentlich die Konditionalitätsbedingungen, die Volatilität
der Zahlungen über die Zeit und die Dauer der Zahlungen. Die
Konditionalität der Zahlungen ist entweder bestandesbasiert oder
emissionsbasiert. Bestandesbasierte Zahlungen sind proportional
zu der Gesamtf läche des Waldes, während emissionsbasierte Zahlungen anhand des Unterschiedes zwischen tatsächlichen Emissionen und einem Emissionsreferenzszenario berechnet werden.
Im Vergleich zu bestandesbasierten Zahlungen reagieren emis-
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sionsbasierte Zahlungen stärker auf kleine Änderungen in dem
Waldbestand, aber weniger auf den Gesamtbestand des Waldes.
Im Experiment führen bestandesbasierte Zahlungen zu langsamer,
aber stetiger Abholzung, während emissionsbasierte Zahlungen
die Abholzung stärker unterbinden. Emissionsbasierte Zahlungen
sind lokal kosteneffektiver. Allerdings kann sich die Rangfolge
der Kosteneffektivität bezüglich der Reduktion von Treibhausgasemissionen je nach den Annahmen über globale Markteffekte
umkehren (sogenanntes ‘Leakage’), da die Viehproduktion unter
bestandesbasierten Zahlungen höher ist.
Die Zahlungen im Experiment unterscheiden sich auch hinsichtlich der Volatilität. Es wurde entweder ein gleichbleibender Preis,
ein Preis, der auf den Fleischpreis indexiert ist, oder ein volatiler
Preis, der sich unabhängig vom Fleischpreis ändert, gezahlt. Die
Volatilität der Zahlungen hatte keinen Einf luss auf die Landnutzung im Experiment.
Vier von Fünf Zahlungsdesigns endeten nach 25 Jahren. Das Spiel
wird im Anschluss noch 21 Jahre ohne weitere Zahlungen fortgesetzt. Im fünften Zahlungsdesign wurden die Zahlungen für das
gesamte Spiel fortgesetzt. Diese kontinuierlichen, bestandesbasierten Zahlungen führen zu einer leichten Reduktion der Abholzung
bis zum Ende des Spiels, obwohl die Zahlungen pro Fläche Wald
deutlich unter dem jährlichen Nettogewinn von extensiver Nutzung lagen. Für alle temporär begrenzten Zahlungsdesigns erreicht
die Abholzung kurz nach dem Ende der Zahlungen das gleiche
Niveau wie in der Kontrollgruppe.
Im vierten Kapitels wird präsentiert, wie das Spiel mit Hilfe von
Entscheidungsalgorithmen als Simulationsmodell genutzt werden
kann. Die Algorithmen wurden so spezifiziert, dass sie die im
Experiment beobachteten Strategien wiederspiegeln. Mit diesen
Algorithmen wurden weitere Zahlungsdesigns untersucht, die
nicht Teil des Experiments waren. Diese Zahlungsdesigns unterscheiden sich im absoluten Niveau der Zahlungen. Die Preise im
Spiel wurden für die Simulation über die Zeit fixiert.
Es gibt in der Simulation zwei Niveaus von Zahlungen, die
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von der Politik angepeilt werden können: Ein niedriges Zahlungsniveau, um eine mittlere Waldschutzstrategie auszulösen,
oder ein hohes Zahlungsniveau, um vollständigen Wandschutz
zu erreichen. Niedrige, emissionsbasierte Zahlungen führen zu
temporärem, vollständigem Schutz mit anschliessender rascher
Abholzung. Niedrige bestandsbasierte Zahlungen führen zu
kontinuierlicher, aber verlangsamter Abholzung in Kombination mit Intensivierung der neu abgeholzten Flächen. Wenn das
Zahlungsniveau bei bestandesbasierten Zahlungen höher ist als
das notwendige Minimum, um diese Strategie von mittlerem
Waldschutz auszulösen, aber niedriger als für vollständigen Waldschutz nötig, nimmt die Abholzungsrate zu. Die Abholzungsrate
ist für Zahlungen unterhalb des Minimums höher als ganz ohne
Zahlungen. Das minimale notwendige Zahlungsniveau, um eine
mittlere Waldschutzstrategie auszulösen, ist für bestandesbasierte
Zahlungen niedriger, aber das notwendige Zahlungsniveau, um
vollständigen Waldschutz zu erreichen, ist für emissionsbasierte
Zahlungen niedriger. Daher hängt das optimale Zahlungsdesign
von den Zielen der Politik ab. Zahlungen deutlich unter dem
netto Gewinn pro Hektar von extensiver Landnutzung können
ausreichend sein, um eine mittlere Schutzstrategie auszulösen. Die
herkömmliche Methode, die Kosten des Waldschutzes zu berechnen, basiert auf dem netto Gewinn pro Hektar. In unserem Modell überschätzt diese herkömmliche Methode die Kosten zunächst,
aber unterschätzt sie auf lange Sicht.
Das fünfte Kapitel fasst die Resultate zusammen und zieht
Schlussfolgerungen. Insbesondere wird das dynamische Zusammenspiel von Kapitalbeschränkungen und Intensivierungspotential mit den verschiedenen Konditionalitätsbedingungen
diskutiert. Unter diesen Bedingungen ist die Strukturierung von
Zahlungen komplexer als eine statische Analyse suggeriert. Wir
weisen daher auf die Notwendigkeit einer stärkeren Differenzierung in der Analyse von Zahlungen für verminderte Abholzung
von Wäldern, die einen stärkeren Fokus auf lokale Umstände und
die Eigenschaften der Antriebskräfte hinter der Abholzung legt.
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ABSTRACT
The thesis “Designing Payments for Avoided Deforestation – Theoretical and Experimental Insights for the Case of Cattle Driven
Deforestation in Brazil” evolves around the problem of paying
land owners for not deforesting. Such payments are a type of
payments for ecosystem services, which are discussed in the introductory chapter. The introduction also provides a summary and
introduces the research questions. The remainder of this thesis is
structured into two parts: A conceptual part (chapter two) and an
experimental and simulation part (chapters three and four).
The conceptual part investigates how payments for avoided deforestation could be integrated better with the existing UN mechanisms for climate change mitigation from a carbon accounting
perspective. It does so using a comparative analysis between carbon accounting for avoided deforestation under REDD+ and carbon accounting for renewable energy generation under the CDM.
It finds that the absolute baselines currently used under REDD+
are more suitable for jurisdictions, while the relative baselines
used under the CDM are more suitable for individual projects.
It concludes by suggesting a nested approach with projects using
relative baselines aggregated into jurisdictions using absolute
baselines for both types of emission reductions.
The experimental and simulation part investigates how the “last
mile” of project level payments for avoided deforestation to individual land owners could be designed. It does so for the specific
context of cattle ranchers in Tocantins, Brazil. The core of the
second part is a simulation model of a cattle ranch implemented as a computer game. The basic game is a dynamic land-use
decision model under uncertainty over prices with irreversible
land-use decisions. The game starts with a capital constraint,
which is relaxed over time as profits are made. Additionally, both
initial pasture and forestland are constrained. Extensive pasture
degrades when grazed, and sustainable intensification is possible,
but costly. In the context of Tocantins, “extensive” grazing denotes unmanaged grazing with less than one animal per hectare,
while “intensive” grazing is reached by minimal, sustainable
pasture management and can sustain approximately three animals
per hectare. All parameters and prices in the game are modeled to

match the ecological and market reality in Tocantins as closely as
possible.
In chapter three, an economic framed lab-in-the-field experiment
using the game with local cattle ranch stakeholders in Tocantins
is introduced. In the experiment, players receive differently designed payments for avoided deforestation. Chapter three reports
on the experimental results regarding the effect of the different
payments on deforestation and production compared to a control
group in the game. The payments we investigate vary in their
conditionality type, payment volatility and contract length.
We test two conditionality types, namely stock- and emission-based payments. Stock-based payments are proportional to
the total area of forest currently owned, while emission-based
payments are based on the difference between actual emissions
and an emission baseline scenario. Compared to stock-based
payments, emission-based payments are more sensitive to small
changes in forest cover, but less sensitive to the total amount of
forest.
We find that stock-based payments lead to slow, but steady
deforestation, while emission-based payments suppressed deforestation more strongly. Emission-based payments are found more
cost-effective in reducing deforestation locally. Nevertheless,
depending on the assumption on leakage the cost-effectiveness
in reducing global emissions from deforestation can be reversed,
as production is higher under stock-based payments. We further
investigated three different types of payment volatility, namely
fixed payments, payments indexed on the opportunity cost and
volatile payments independent of the opportunity costs. We found
no effect of payment volatility on game play.
In four out of five treatments the payments ended in round 25 in
the game. The game continued for another 21 rounds without any
payments. In the fifth treatment, the payments were continued
until the end of the game. These continuous, stock-based payments led to a slight reduction in deforestation until the end of
the game. This effect was achieved despite the fact that the payments were significantly below the net annual return of extensive
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land use. For all limited-time payments deforestation reached the
same level as in the control treatment rapidly after the end of the
payments.
In chapter four the game is used as a simulation tool using decision algorithms. The algorithms were designed to mimic the observed strategies in the experiment. With these algorithms, other
payment levels that were not part of the experiment are explored
for a scenario of fixed prices.
We find that there are two levels of payment that can be targeted
by a policy maker: A low payment to induce a medium conservation strategy or a high payment targeting full conservation.
Low, emission-based payments lead to temporary full conservation, followed by rapid deforestation. Low, stock-based payments
lead to ongoing, but slowed-down deforestation, combined with
immediate intensification of newly deforested land. A stock-based
payment above the minimum required to induce a conservation
strategy increases deforestation rates compared to a payment at
the minimum required. Payments below the minimum required
to induce a conservation strategy also increase the deforestation
rate slightly compared to a situation without payments. The
minimum payment required to achieve any conservation is lower
for stock-based payments, but the payment required to achieve
full conservation is lower for emission-based payments. The low
payment can be significantly below the per hectare return of the
dominant land use without payments. Accordingly, we find that
the common practice of using only the return of the currently
dominant land use for the calculation of the cost of conservation
overestimates the cost in the beginning, but underestimates it in
the long run for land owners with a capital constraint and intensification potential.
Chapter five concludes and summarizes the results. Particular
emphasis is put on the dynamic interplay of capital constraint
and intensification potential with different conditionality types,
which make PES design more complex than a static analysis
suggests. We accordingly call for a more differentiated analysis,
taking into account local circumstances and the properties of
different drivers of deforestation.

CHAPTER ONE
Introduction

15

1. Introduction
1.1 Background
Tropical deforestation and forest degradation are responsible for
approximately 12% of the annual global greenhouse gas emissions
(IPCC, 2014). Additionally, two-thirds of all known terrestrial
species live in tropical forests (Pimm, MEA, 2003), making their
protection essential for the conservation of global biodiversity.
For some tropical countries such as for example Brazil, Indonesia
or the Democratic Republic of Congo, deforestation and forest
degradation are the main sources of greenhouse gas emissions. It
is generally accepted that high-income countries with high historic greenhouse gas emissions are supposed to support low-income
countries with low historic, but currently rising greenhouse gas
emissions in the transition to a low-carbon economy (UNFCCC,
1998). While there is a role for capacity building and institutional
learning, a large part of the support will be in form of finance.
But there is no straightforward way to use financial means for reducing deforestation. Accordingly, designing payments for avoided deforestation is a key issue to support the international climate
change mitigation mechanisms (Angelsen & Brockhaus, 2009).
Reducing emissions from deforestation is the main goal of the
United Nations Framework Convention on Climate Change
(UNFCCC) mechanism “REDD+”.1) While some unconditional
finance for capacity building and “REDD+ Readiness” activities
is part of the mechanism, the main phase of REDD+ is based on
conditional cash transfers, i.e. buyer governments make a commitment to pay seller governments based on emission reductions
(UNFCCC, 2013). While the monitoring of forest carbon stocks
poses some technical challenges, deriving emission reductions
from carbon stocks is a conceptual problem of greenhouse gas
accounting. An emission reduction is typically understood as the
difference between the actual carbon stock and a hypothetical
carbon stock in a particular area at a particular point in time.
Defining this hypothetical level and the boundaries of both the
1) The official UNFCCC name of the mechanism in its full length and beauty
is: “Reducing emissions from deforestation and forest degradation and the role of
conservation, sustainable management of forests and enhancement of forest carbon
stocks in developing countries”

area and the time frame are problems that go beyond the natural science and engineering of quantifying carbon stocks. For
this thesis, we assume that the natural science and engineering
problems are solved sufficiently well and only discuss the conceptual step going from carbon stocks to emission reductions. Such
emission reductions from avoided deforestation can be considered
an environmental service. Accordingly, REDD+ payments can be
understood as a government-to-government scheme of payments
for environmental services (PES).
The funding from such government-to-government payments can
inter alia be used to finance payments to landholders in the form
of a local PES scheme (Pagiola, 2011). It is not yet decided if individual land owners will be able to access international REDD+
carbon finance directly or only through national governments.
This thesis investigates this “last mile” of REDD+, i.e. payments
to land owners in a local PES scheme.
PES are considered an important instrument in environmental
policy (Engel et al., 2008; Jack et al., 2008; Wunder, 2009; Angelsen, 2010; Pattanayak et al., 2010; Farley & Costanza, 2010).
PES are particularly valued for their alleged cost-effectiveness
(Ferraro & Kiss, 2002; Ferraro & Simpson, 2002). Critics have
questioned the actual environmental effectiveness and cost-effectiveness of PES under real world conditions (e.g. Muradian et al.,
2010; Gómez-Baggethun et al., 2010; Norgaard, 2010; Kosoy &
Corbera, 2010; Büscher et al., 2012), in particular when non-environmental policy objectives such as distributional justice are
supposed to be addressed by PES, too (Muradian et al. 2013).
While it is clear that PES is not a panacea for solving all environmental problems, deficiencies of current PES programs are also to
a significant degree a result of poor program design (Wünscher et
al., 2008; Pattanayak et al., 2010). In this thesis, we focus on the
improved design of PES.
While there are examples of PES schemes compensating various
stakeholders for a large number of management decisions and associated services (Wunder et al., 2008), this thesis only considers
schemes paying individual land owners for avoided deforestation,
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focusing on the associated service of reduced carbon emissions as
required for REDD+. While many forests around the world are
collectively managed, we focus exclusively on privately managed
forests. The majority of tropical deforestation today is for commercial, export driven agriculture (Lambin, 2001 and Lambin &
Meyfroidt, 2011, Hosonuma et al, 2012), which typically happens on privately owned land only. As our analysis is restricted
to legal deforestation for carbon payments under REDD+, most
of the criticism against a conceptualization of PES as “market or
quasi-market bargaining” solution by Muradian et al., (2010, page
1203) does not apply in this case. In their threefold categorization of PES schemes, the case we analyze scores very high on all
indicators pointing towards a market concept, namely “the importance of the economic incentive, the directness of the transfer and
the degree of commodification of environmental services” (ibid,
page 1205). While recognizing that PES schemes for REDD+
“pay the polluter” (Van Hecken & Bastiaensen, 2010), it should
be noted that it was agreed in the UNFCCC negotiations to do
so. Under the Kyoto protocol, the responsibility to pay is not tied
to current emissions but rather to historical emissions and so far
no limits have been set to the right to emit of either developing
countries or emerging economies (UNFCCC, 1998). Accepting
those rights as given is an important precondition for using PES
as an instrument (Vatn & Bromley, 1997). For the purpose of this
thesis, and according to this global agreement, we take this allocation of rights as given and focus on how to design the PES. We
thus abstract from questions regarding the fairness of the initial
allocation of rights, even if they imply budgetary decisions that
lead to cuts in pro-poor state spending in industrialized countries
in order to finance payments to rich land owners in emerging
economies. We recognize the importance to criticize the global
governance mechanisms and bargains made in the UNFCCC process, but that is another story and not in the focus of this thesis.

estation addressed. For this thesis, the case is legal, cattle driven
deforestation in Brazil.

Deforestation is a highly complex phenomenon and the causes
are location specific. Thus it is unlikely that there is one “silver
bullet” PES design suitable for all locations and causes of deforestation. A study aiming to improve payment design should
therefore be specific about the cause and location of the defor-
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Brazil is the country with the largest national forest loss globally
over the last few decades (FAO, 2006). Commercial agriculture is the single largest driver of deforestation globally, and in
particular in Latin America where it is responsible for 68% of all
deforestation (Hosonuma et al, 2012). In Brazil, 74% of newly
deforested land is used for extensive cattle ranching (Wassenaar et
al., 2007). These facts combined make commercial cattle ranching in Brazil one of the most important causes of deforestation
globally, when differentiating by country and land-use type. At
the same time, Brazil has more than 200 million ha of pasture
available that could be sustainably intensified to produce at least
three times more cattle than today (EMBR APA, 2013), indicating significant room for improvement. Thus cattle ranchers are
on the forefront of efforts to curb deforestation. Additionally,
many of the results derived for the case of Brazil should extend at
least partially to frontier cattle ranchers in other Latin American
countries. Thus while the scope may seem rather specific at first
glance, the case of legal, cattle driven deforestation in Brazil is of
major importance for the global efforts to curb climate change
and protect biodiversity.
While significant reductions in deforestation were achieved in
Brazil since 2005, it is not clear how much of this reduction is
due to permanent measures. Deforestation fell from 19’000 km2
deforested in the Amazon in 2005 to 4’571 km2 in 2012 and
went back up to 5’843 km2 in 2013 according to INPE (2014).
It should also be noted that these numbers are only covering the
Amazon biome and not the Cerrado biome. The Cerrado is a less
discussed ecosystem in Brazil, consisting of 2 million km2 mixed
dry forest and savannas and is already deforested and degraded
to a large degree. Sano et al (2010) is one of the rare more recent
efforts to generate a precise land-use map of the Cerrado biome,
estimating approximately 40% of the area have been converted to
non-native species and that another 12% is used for extensive pasture on native grasslands, which frequently also includes prior deforestation. The Cerrado surpassed the Amazon in term of annual
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deforestation in 2011, making it now the most rapidly deforested
biome of Brazil (Soares-Filho et al., 2014). Most efforts to curb
deforestation in Brazil focus exclusively on the Amazon region
and mostly on illegal deforestation. At the same time, a new forest
code was passed in 2012, legalizing a significantly larger share
of deforestation, particularly in the Cerrado (ibid). The majority
of land legally permitted for deforestation in Brazil today lies in
the Cerrado biome, covering approximately 40 million hectares
of area under threat of deforestation, compared to approximately
10 million hectares in the Amazon biome (ibid). Accordingly, our
case study is on the design of a PES scheme for those 40 million
hectares of Cerrado that can legally be deforested today, but many
of our results should extend to other regions with similar characteristics.

claim additionality. In the context of global carbon emissions, it
can also be in the interest of the buyer to neglect non-additionality if the purchase is sufficient to satisfy political demand for
making a contribution to reducing carbon emissions. Accordingly,
additionality is a vexed problem, inherently linked to the ultimate
source of demand for global carbon emission reductions.

Based on previous research on PES design for REDD+ we selected
five major issues to be discussed in this thesis, namely additionality (e.g. Ferraro & Pattanayak, 2006), leakage (e.g. Wunder,
2008), permanence (e.g. Dutschke & Angelsen, 2008), pricing
(e.g. Engel et al. 2013) and conditionality (e.g. Wunder, 2005,
Kröger, 2013). This thesis is structured along these five issues,
which are introduced in more detail below. 2)

1.2 Selected Issues in PES Design
1.2.1 Additionality
Additionality in the context of PES means that the payment contract is the cause for an increase in the supply of environmental
services (Ferraro, 2008), respectively the loss of services is inhibited by the payment (Engel et al., 2008). The problem was also
coined as avoiding “paying for adoption of practices that would
have been adopted anyway” (Wunder, 2005; Engel et al., 2009) or
spending “money for nothing” (Ferraro, & Pattanayak 2006).
Ensuring additionality is a major concern in PES and REDD+, as
the seller of the environmental service always has an incentive to
2) We do not investigate spatial targeting of payments (Wünscher et al. 2008 and
2012), as our model is based on a representative land owner and do not differentiate
forests by suitability for conversion to pasture.
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Additionality has also been discussed in depth in the literature
on the Clean Development Mechanism (CDM), which excludes
projects aiming at deforestation (Grubb, 1998; Gustavsson et al.,
2000; Bode & Michaleowa, 2003; Greiner & Michaelowa, 2003;
Kartha & Lazarus, 2005; Michaelowa, 2005; Dutschke & Michaelowa, 2006; Michaelowa, 2009; Gillenwater, 2012).
1.2.2 Leakage
Leakage, sometimes also referred to as “spill-over effects”, is a
general term covering all types of offside effects of conservation
projects. Wunder (2008) used the metaphor of water behind a
dike to describe leakage - while effective in protecting the area
on one side of the dike, the water level on the other side is rising,
affecting other areas previously not at risk.
While the causes of leakage can be manifold (see Wunder 2008
for an overview), this thesis focuses on market leakage. Market
leakage refers to the effect that if conservation reduces agricultural production while not affecting demand, it can be expected to
raise agricultural prices and thus potentially increase the expansion of agricultural production elsewhere (Auckland et al. 2003).
For agricultural commodities traded in globalized markets, such
as beef, “elsewhere” can even be on another continent. As such
shifts should be expected to happen on the margin, already small
and non-observable price changes can induce leakage. Thus market leakage is very difficult to track objectively and needs to be
modeled or avoided.
1.2.3 Permanence
Dutschke & Angelsen (2008) define permanence indirectly
through the question “How can we make sure that a forest area
saved today will not be destroyed tomorrow?”. We use a slightly
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expanded definition of permanence covering all emission reduction efforts, including but not limited to forests. We do so by
defining non-permanence as a situation where the emissions of
an entity that previously sold emission reduction rise over their
baseline emissions later on (see chapter two for details).

estation can be excessive. Uncertainty over agricultural returns
might alter this result (see e.g. Zinkhan, 1991). Schatzki (2003)
find that it can be optimal for land owners to delay reforestation
when costs are sunk and the returns from agriculture are uncertain. The situation is further complicated when taking into
account uncertainties on both ends and the fact that the decision
to deforest is irreversible and risk preferences unknown (Engel et
al., 2013). The results are partially ambiguous.

Most literature on permanence starts from the premise that it
is primarily a liability issue (Marland, Fruit, & Sedjo, 2001;
Dutschke, 2002; Herzog, Caldeira, & Reilly, 2003; Wong &
Dutschke, 2003; Subak, 2003; Kim, McCarl, & Murray, 2008;
Palmer & Ohndorf, 2009; Zabel & Engel, 2010; Palmer, 2011).
We do not investigate the liability side and assume buyers liability. Accordingly, our investigation considers how different payment contracts impact permanence under the assumption that the
seller has no loss from non-permanence. The issue of permanence
is closely related to pricing and price volatility, as changing prices
of agricultural output and PES can make conservation less attractive over time (Engel et al. 2013).
1.2.4 Pricing
There is an ongoing debate in the literature on how to set the
price of PES for avoided deforestation in face of changing opportunity costs. In principle, prices could be set anywhere between
the cost incurred by the land owner to provide the service and the
social value of the service (Engel et al. 2008). The most common
assertion is that the payment should match the opportunity cost
of alternative land use to induce conservation, with the opportunity cost defined as the annual return of the currently dominant land use (e.g. Stern et al., 2006:542; Nauclér, & Enkvist,
2009:118; Kindermann et al., 2008; Greig-Gran, 2009).
Nevertheless, limitations of this simplistic approach have been
identified, in particular if land use decisions are irreversible and
future prices uncertain. Uncertainty about future commodity
prices leads to concerns about changing incentives over time
and potential non-permanence of emission reductions achieved
through such payments (MacKenzie et al., 2012). If the future
non-use value of forests is rising but uncertain, while agricultural
returns are certain, Bulte et al. (2002) find that rates of defor-

21

Wunder et al. (2008) found that fixed levels of payments are the
most common type of PES contract globally. Benítez et al. (2006)
and Dutschke and Angelsen (2008) suggested an alternative pricing scheme that adjusts to the opportunity costs to improve the
permanence of emission reductions under PES. Yet this approach
has not been applied in any prominent PES scheme. When a PES
scheme is financed through a carbon market, as occasionally
suggested in the UNFCCC negotiations and currently the case
for voluntary carbon projects and in the emerging Californian
cap-and-trade scheme, the price paid for the emission reduction
can be expected to be volatile and not related to the costs of conservation.
1.2.5 Conditionality
Despite the plurality of concepts and definitions, conditionality
is a core feature of PES schemes (Matzdorf et al. 2013, Sattler &
Matzdorf, 2013). According to the commonly used definition of
PES by Wunder (2005, page 3), a PES scheme is
“1. A voluntary transaction; where			
2. A well-defined ES (or a land-use likely to secure that service);
is being
3. ‘Bought’ by a (minimum one) ES buyer; from
4. A (minimum one) ES provider;
5. If and only if the ES provider secures ES provision (conditionality).”
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According to point 5 of Wunder’s definition, conditionality is a
defining feature of PES. Nevertheless, the definition leaves room
for interpretation. In particular, if the payment is not directly
for an environmental service, but for a land-use likely to secure
that service as by point 2, it is not obvious when the “if and only
if ” condition of “securing ES provision” is fulfilled (Matzdorf et
al. 2013). This holds even more when the service is something as
complex and intangible as reduced carbon emissions.

of governmentally subsidized agricultural credit from a government bank. Further credit is available from private lenders, but
the rates are far too high to make agricultural investments profitable. We further use data on the intensification potential from
the local rural extension service. The results of our study depend
crucially on our case study based assumptions in these domains
and should not be expected to hold under conditions with unconstrained credit or fully intensified production systems.

While conditionality is generally accepted as a key feature of
PES (Matzdorf et al. 2013), most studies investigating conditionality so far focus on more or less incomplete monitoring and
enforcement (e.g. Wunder et al. 2008, Honey-Roses et al., 2009,
Kaczan et al. 2013). In contrast, we assume full monitoring. A
PES scheme can either be conditional on inputs (e.g. trees planted) or outputs (e.g. carbon sequestered) (Wunder, 2005; Baylis
et al., 2008, Sattler & Matzdorf, 2013) and a few recent studies
have compared input-based and output-based PES (Derissen and
Quaas, 2013; Andeltová et al. 2014). The advantages and disadvantages of output-based and input-based payments have been
discussed in length for the agri-environmental payment schemes
in the European Union (see Matzdorf & Lorenz 2010 for an
overview). As the service we consider is carbon only, in contrast to
other services it is unnecessary to use proxies (Engel et al. 2008,
Zabel & Roe, 2009; Tacconi, 2012) or input-based payments as
discussed e.g. by Derissen and Quaas (2013) for situations on
environmental uncertainty.3) Nevertheless, output-based payments
can be conditional on forest loss in different ways, two of which
are investigated in this thesis.

Angelsen & Kaimowitz (1999) give an excellent overview of the
interactions between capital constraints and intensification potential. They find that, in general, increased access to capital and
intensified technologies are associated with an increase in deforestation rates, but highlight Larson’s (1991) result that the effect
of intensification on deforestation is indeterminate if intensification is capital intensive. Phelps et al. (2013) show how intensification increases the long-term cost of conservation.

1.3 Capital and Land Constraints
combined with Intensification Potential
The role of market constraints and intensification potential are
important issues for the differentiation of policy analysis. For our
case study region, we use data on the availability and limitations
3) While the ecological link between carbon and forest cover is clear, involuntary
fire can pose an environmental risk to the land owner. Fire risk in forests under
REDD+ can be handled by insurance solutions (Kent & Thoumi, 2010).

23

This result can only be expected to hold in a context without
eco-entrepreneurs (Ferraro & Simpson, 2002). In the Ferraro &
Simpson model, payments are made to “eco-entrepreneurs” who
utilize capital and forest as inputs to produce an eco-product.
These eco-entrepreneurs protect forest anyway, but more so if
paid additionally. For such situations, Groom & Palmer (2010)
show how payments can relax a capital constraint and show that
reducing capital constraints directly can be more effective for
conservation outcomes if markets are imperfect.
The situation investigated in this thesis diverges from those previous studies in the role of investment and capital availability. For
the ranchers in the Brazilian Cerrado, there are no forest friendly
investment opportunities of the scale required to make an impact
on aggregate deforestation rates.4) The only land use investments
4) There are some small-scale projects with native fruit trees in the case study area,
covering a few hectares. The projects are already failing to find sufficient demand
for their products at the current very low production levels. Eco-tourism is only an
option in the highlands, as temperatures are unpleasantly high throughout the year
in most of the state. There is less deforestation in the highlands and there is already
a high supply of eco-tourism opportunities offered in Taquaruçu and the Jalapão,
covering the existing demand in Tocantins.
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available to ranchers are either forest neutral intensification of
existing areas or forest damaging expansion by deforestation.
Thus capital availability is positively correlated with deforestation
in our model, in line with the results of Angelsen & Kaimowitz
(1999).
In a similar argument, it is important to distinguish payments
for changing land uses, respectively “activity creating” payments,
from “activity reducing” payments (Engel et al. 2008). Activity
creating payments can e.g. be for the creation of silvo-pastoral
practices, which require a higher investment than the baseline
land use.5) When such eco-friendly investments are the target
of PES, our results should not be expected to hold. We investigate the case of payments for avoided deforestation only, where
payments are made for “avoidance” of an investment and are thus
clearly “activity reducing”. While the payments in our model
generally lead to intensification, intensification is not a condition
for the payments we investigate.

The thesis is structured into two parts: First, a conceptual part
(chapter two) presents a comparative analysis of existing carbon
accounting systems for avoided deforestation and carbon accounting for renewable energies on a conceptual level. Second,
an experimental and simulation part (chapters three and four)
investigates details of the payment design to land owners based on
experimental research (chapter three) and a simulation (chapter
four) for the specific case of deforestation driven by cattle ranching in Tocantins, Brazil. The state government of Tocantins is
currently in the process of developing a REDD+ strategy. As part
of this strategy, a PES scheme for ranchers was suggested. The
experiment and simulation aim to understand the implications of
different payment designs on the cost-effectiveness of such a PES
scheme.

2.1 Conceptual Part
Chapter two investigates how payments for avoided deforestation
could be integrated better with the existing UNFCCC mechanisms. At this stage, avoided deforestation is considered in general, but the analysis uses the case of commercial cattle production
as example. The novelty of this section lies in its focus on carbon
accounting procedures, paying particular attention to the impact
of technical decisions in accounting on the problems of additionality, leakage and permanence. Any mechanism relying on payments for ecosystem services for reduced CO 2 emissions requires
carbon accounting procedures to translate observable activities
into quantifiable emission reductions. While previous comparisons between REDD+ and the mechanisms for other abatement
technologies exist (Neeff & Ascui, 2009; Ascui & Lovell, 2011;
Lederer, 2011), they mostly focus on the institutional architecture of the mechanism. The situation is similar for discussions
on nesting, where institutions are highly debated but details of
accounting procedures are rarely in the focus (e.g. Angelsen et al.,
2008; Minang & van Noordwijk, 2013; Bernard et al., 2014).
Chapter two thus considers the following research question:

5) Such payments could also be an option in Tocantins, but are not what our investigation focuses on.

R1) How do the accounting rules differ between current pro-
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cedures for REDD+ and for other carbon emission reductions?
How do the conceptual differences in the current accounting
procedures inf luence the problems of additionality, leakage and
permanence?

global carbon markets. Our research question on price volatility
is:

R2) How can the accounting procedures for local REDD+ projects be improved technically and nested into national REDD+
accounting systems?

2.2 Experimental and Simulation Part
Following the analysis of how to embed local payments into the
global REDD+ scheme, the second part of this thesis investigates
how the “last mile” of such local payments for avoided deforestation to the actual land owners could be designed. The model used
in this thesis combines a land constraint on both intensifiable
pasture and forest with a capital constraint as well as intensification potential. The model features a dynamic analysis, allowing
to differentiate pre-equilibrium pathways of land use decisions
that emerge due to the incentives set by the payments under different conditionality types. It thus also allows to investigate the
interaction of the two effects of the PES scheme, namely changed
incentives and the increased capital availability. It does so for the
specific context of cattle ranchers in Tocantins, Brazil (presented
in more detail in section 5.1 below).
2.2.1 Experiment
The main issues investigated in the experimental part are price
volatility, permanence and conditionality. Leakage is not an
explicit part of the model, but we evaluate our results in light of
different assumptions on leakage. The conservation in our model
is additional by design, as we compare the treatment with PES to
a ceteris paribus control treatments without PES.
Regarding price volatility, we add experimental data on the
question of PES level variation for three of the most prominently
discussed pricing schemes, namely fixed prices, indexed prices
following the opportunity cost and volatile prices determined by
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R3) How does the volatility of a PES payment impact the deforestation rate of a land owner under a capital constraint and
changing opportunity costs over time?
We also investigate the risk of non-permanence during a PES
scheme and shed light on the question what happens next if a PES
scheme is limited in time i.e. payments end after some period.
The according research question is:
R4) What is the impact on land use decisions if a PES is limited
in time, specifically if it stops after a long period of time?
Regarding conditionality, the conditionality types investigated in
this thesis were designed to mimic the two most common conditionality types in real-world PES contracts for forest conservation,
namely stock-based and emission-based payments (Angelsen,
2008). Stock-based payments are proportional to the total area
of forest currently owned, while emission-based payments are
based on the difference between actual emissions and an emission
baseline scenario. For example, the governmental PES schemes
in Costa Rica (Pagiola, 2008) and Ecuador (Wunder & Albán,
2008) are stock-based payments, while the payments in REDD+
projects in the voluntary carbon market are emission-based payments. Compared to stock-based payments, emission-based payments are more sensitive to small changes in forest cover, but less
sensitive to the total amount of forest. Stock- and emission-based
payments have so far been discussed theoretically for payment design between jurisdictions (Angelsen, 2008; Fearnside, 2012), but
not in their effect on individual land owners. Our study adds an
experimental perspective on the design of payment conditionality
types for individual land owners under REDD+ assuming perfect
monitoring.
R5) What is the difference between stock- and emission-based
PES payments in their effect on the decisions of a cattle ranch
owner?
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R6) How do stock- and emission-based PES payments compare
in terms of cost-effectiveness under different assumptions on
leakage?
2.2.2 Simulation
While we experimentally investigate a PES level approximately
matching the opportunity cost of extensive land use per hectare,
we also explore other price levels in a simulation. In this simulation, we investigate how the effect of different price levels
depends on the conditionality type, which PES level is minimally
required to achieve conservation and the effect of higher PES
levels.
R7) Is the minimal payment required to achieve conservation
really equal to the per hectare return of the dominant land use
without payments for capital constraint land users with alternative land use options?
R8) What are the effects of payments that are above or below the
minimal payment?
On the methodological side, our work also features some novel
aspects not utilized in this combination before introduced in the
next section.

3.1 Comparative Conceptual Analysis
We consider payments for carbon the currently most important
source of funding for PES for avoided deforestation. As such
payments depend crucially on the carbon accounting procedures,
this thesis starts with an evaluation of those. Chapter two uses
a classical comparative research approach to investigate carbon
accounting for REDD+ by comparing the rules to those of the
older CDM.
We start the comparison by providing a general carbon accounting framework suitable for any type of emission reduction project.
We use this framework to compare two of the most prominent
mechanisms in carbon emission reduction accounting on a project
basis, namely the Clean Development Mechanism for renewable
energy projects and the Verified Carbon Standard for projects
reducing emissions from deforestation. The comparison is based
on the original documents used for carbon accounting in practice.
We structure the comparison along the fundamental problems of
additionality, leakage and permanence. For each of the problems,
the comparison evaluates the general rules of the standard, the
specific rules for the project type of interest and a hypothetical
example project. The parallel analysis on different hierarchical
levels allows bridging the complex links between high-level rules
and project implementation.
Using a comparison helps to identify the root of differences between the standards and highlights strengths and weaknesses of
both, which we then use to suggest improvements.

3.2 Experiments
Due to the natural epistemic limitations of desk-based studies,
we continue to investigate the impact of different PES designs on
land owners decisions experimentally. While the high-level global
carbon accounting systems are rather difficult to confine to an
experimental system, the “last mile” of REDD+ payments in the
form of PES to individual land owners is more suitable for experimental approaches. The investigation of experimental systems has
played a major role in many scientific discoveries (Rheinberger,
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1997). Experiments have the advantage over theoretical or conceptual approaches that the object of research has the opportunity
to resist the researchers’ concepts of it and are thus more likely to
produce surprising results (Latour, 2000). An economic experiment allows to model the decision environment, which is fairly
easy to observe, but remain agnostic about the decision maker’s
cognition, which is extraordinary difficult to observe. Cardenas
et al. (2008, page 3) argue that after a period of simple experiments “it is time for a next step and introduce also the ecological
complexities and natural resource problems into the behavioral
analysis”. While the experiments by Cardenas et al. (2008) and
many other experiments on natural resource management focus
on situations of multi-player interaction in an environmental
context (see Poteete et al., 2010 or Barreteau et al., 2007 for a
summary on the use of multi-player games), the experiment in
this thesis simulates a private decision only. Ferraro (2011, page
1136) found that “The best way to test competing theories may be
to seek opportunities for natural experiments and, when natural
experiments are not feasible, use behavioral laboratory experiments with human subjects”. We further Ferraro’s statement by
recognizing that experimental systems play a fundamental role in
theory formation, too, and thus have epistemic value beyond pure
theory testing (Rheinberger, 1997). According to the classification by Harrison and List (2004), our experiment falls in the category of “framed field experiments” as our subjects are not from a
standard student population and our decision situation is framed.
Nevertheless, our experiment differs from the type of experiment
discussed by Harrison and List (ibid) as it uses a complex simulation game, in contrast to the simple decision tasks considered by
those authors and representative of the vast majority of framed
field experiments.

traditional lab- or lab-in-the-field experiments.1) While many of
their points are equally valid for the method used here, a significant difference between their approach and ours lies in the fact
that they proposed the use of modifications of existing high-budget video games. In contrast, the method introduced here uses a
custom-made simulation game designed solely for the purpose of
the experiment. 2) Two of the few prominent previous examples
of the use of computer games in economic experimentation are
Fishbanks (Meadows et al. 1993) and the spatial resource harvest
game by Janssen et al. (2010). Outside experimental economics,
the design and use of non-virtual games is an established branch
of action research and a frequently used participatory learning
method (e.g. Mendler de Suarez et al. 2012), but computer games
have not been used much for this purpose so far.

3.3 Simulation Games
When Reiss (2011) makes a point for expanding the use of
simulation in economics, he exclusively refers to purely computational, non-interactive simulations. In contrast, we discuss
simulation games. Lawson & Lawson (2009) give an account of
the advantages that experiments in video games can have over
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One further advantage of simulation games is that they can also
be used as “pure”, non-interactive simulation tools by specifying
the user input deterministically in a decision algorithm and thus
make it possible to explore larger parameter spaces. Janssen and
Rollins (2012) used this approach to show both the advantages
and risks of theoretical simulation by inviting a number of leading computational modelers on a variation of the spatial resource
game by Janssen et al. (2010) with limited vision and compared
the results to an experiment. They showed that all the simulators
underestimated behavioral effects and over predicted resource exploitation. Further, the most simplistic model generated the best
match to the experimental data. While Janssen and Rollins (2012)
introduced a major change in the game by introducing a new fea1) Lawson and Lawson list portability, the ability to replicate, transparency, ability
to customize precisely, allowing context modifications, full control and insularity as
the main advantages.
2) While Lawson & Lawson (2009) mention that the cost of developing a
commercially successful game is typically several million dollars, the game we
used was developed as a master thesis by a student of interaction design. Including
post-development support, the total cost was less than 10‘000 dollars. Developing a
simulation game from scratch allows much higher levels of control over the decision
environment and specificity for the research task at hand than using modifications of
existing, professional games, but less sophistication. The type of game we investigate
is more similar to free browser- or smart phone games than to the virtual reality
environment used by Lawson and Lawson (2009).
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ture (limited vision), we only altered parameters of existing features for the simulation. This approach is in particular interesting
after the decision structure of real players has been observed in
an experiment. Then the decision algorithms can be designed to
approximate the real behavior in order to avoid making cognitive
assumptions. While we consider pure, non-interactive simulations
as generally inferior to experiments on an epistemic level, they
are much less resource intensive and can thus be useful to explore
large parameter spaces and high numbers of treatments. While
it was not feasible during the timeframe and resources available
for this thesis, it would be valuable for future research to test the
simulation results in a further experiment and compare the results
to the simulation.
One important danger of simulation games lies in artifacts: Some
aspects observed in the experiment or simulation can be due to
the initial conditions or specific simplifications made for the simulation. We identify a few such artifacts in our results and discuss
their implications for the analysis and conclusions we draw (See
Annex 2-IV – 5).

4. Summary of Research
Questions and Methods
Table 1 summarizes the topics investigated, the research questions
used to address those topics, the reasons to chose those aspects for
the investigation, the methods chosen and the reasons for these
methods.
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1.1: Overview of research topics, research questions and methodological choices
Additionality
and Baselines

Nesting

Leakage

Price Volatility

Research
Question

R1

R2

R1, R6

R3

Motivation to
focus on this
aspect

Additionality
and Baselines
have been a
core topic of
all carbon
accounting
discourse at
least since
the Kyoto protocol.

Nesting is
currently
debated in the
UNFCCC negotiations as a
design option
for REDD+.

Leakage
has been a
core topic of
all carbon
accounting
discourse at
least since
the Kyoto protocol.

Price volatility
has received
significant
attention in
the academic
literature on
PES in the
past.

Method

Comparative

Conceptual

Conceptual,
Experimentally grounded
calculation

Experimental

Justification
of Methodological
Choice

Comparative
studies are
common in
legal studies.
Carbon
accounting
in many ways
resembles
legal systems.
Further, it
was observed
that some
issues arise in
the REDD+
system but not
in the CDM,
making a
comparison
suitable to
identify the
causes for this
observation.

Currently
no nesting
systems for
REDD+ exist.
As nesting was
chosen only as
a side-topic,
resources were
insufficient
to investigate
the topic more
rigorously.
Further
research with
other methods
is suggested.

Leakage is
by nature
difficult to
observe, as
it involves
long-distance,
multi-actor
economic
causalities.
Thus the
term was first
conceptually
sharpened
and later operationalized.
As leakage
involves multiple actors,
it could not
be implemented in the
experiment
or simulation
directly.

A realistic
level of uncertainty over
price volatility
was easy to
implement in
the experiment. An
experiment,
in contrast
to theoretical
models, does
not require
any cognitive
assumptions
about risk
aversion.

Permanence

Conditionality

PES Level

Research
Question

R4

R5,R6

R7, R8

Motivation to
focus on this
aspect

Permanence
has been a
core topic of
forest carbon
accounting
discourse at
least since
the Kyoto protocol.

It was observed that
in real world
PES schemes,
two types of
conditionality are used.
These two
types received
little attention
in research
so far.

It was observed in the
experiment
that a payment below
the opportunity cost
per hectare
had a positive
conservation
effect, which
is in contrast
to the literature.

Method

Comparative,
Experimental

Experimental

Experimental,
Simulation

Justification
of Methodological
Choice

Permanence
has two
aspects: One
from the
accounting
perspective
and another
one relating to
on the ground
risk. Thus
two different
approaches
were chosen.

Conditionality types were
easy to implement in the
experiment.
The impact of
the conditionality types
we investigated is only
important in
a dynamic
setting under
a capital constraint. Thus
a dynamic
model was
required.

Resource
constraints
did not allow
investigating
further PES
levels experimentally. The
simulation
was the closest
we could get
to running
another
experiment
with the given
resources.

35

37

5. Case Study and Limitations
5.1 Cattle Ranching in Tocantins, Brazil
This thesis was embedded in a participatory research project with
two years of prior stakeholder interaction in collaboration with
the local NGO Instituto Ecológica. While the first, conceptual
part of the thesis was only inspired by the case study and addresses carbon accounting for avoided deforestation from a general
perspective, the second, experimental part of the thesis was conducted and parameterized to fit the case study closely.
The specific case of analysis is the cattle sector in the Brazilian
state of Tocantins. The economy of the state is mainly based on
cattle production through extensive cattle grazing systems with
less than one cow per ha (Bosma, 2012). The majority of the deforestation in Tocantins was licensed, legal deforestation on private land in the Cerrado region (personal communication, Senhor
Mascerenhas of Naturatins, 2013). Tocantins lies on the boarder
between the Amazon and the Cerrado biome (see Figure 1.1)
Figure 1.1: Tocantins is located in the geographical center of Brazil.
The local government in Tocantins is in the process of developing a statewide REDD+ strategy. As part of this strategy, a PES
scheme for land owners is under discussion. The details of the
PES are not decided upon yet and this analysis aims to contribute
to the detailed policy design process. Tocantins’ ranchers are legally required to keep at least 35% of their land in a legal reserve
covered by natural vegetation. The state government increasingly enforces this law. Any PES scheme for reduced deforestation
could thus only target land that is kept in natural vegetation
beyond this legal requirement. For the remainder of this thesis,
the legal reserve requirement is no longer discussed, but assumed
to be fulfilled by the land owner.
In contrast to the general tone in the REDD+ policy design literature, in the case of Tocantins the property rights are well defined,
law enforcement is fairly well established and there are few land
title conf licts. Thus the frequent conclusion that REDD+ would
work best through government capacity building and an incen-
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tive- or market-based approach is not appropriate does not apply
in this case. Most arguments against incentive- or market-based
approaches to REDD+ are derived from the assumption of an incomplete property rights situation. See e.g. Vatn & Vedeld (2013)
for an overview of the existing literature on the issue. While the
existence of well-defined property rights does not automatically
make PES the recommended policy tool, we consider PES as a
possible candidate for a policy to address deforestation in Tocantins.1)

We recognize that addressing such drivers of deforestation most
likely requires other policy instruments and that concerns regarding equity and empowerment are of higher importance than in
the case of commercial cattle ranchers.

5.2 What this thesis is NOT about
Forests provide numerous environmental services such as for
example water and local climate regulation, biodiversity, recreational and spiritual value or carbon storage. This thesis does not
deal with the multitude of services, but focuses on forests in their
function as carbon storage only. Thus the complex ecological and
social relations between the forest and this multitude of services
can be simplified to a linear relation between the area of forest
and the carbon content. 2)
We also do not discuss illegal deforestation or insecure property
rights. We are aware that some of the deforestation in Tocantins
is still illegal and that there is a limited presence of land squatting by the rural poor in the area. According to local government
sources, they are only responsible for a small share of the total
deforestation in the state (personal communication, Senhor de
Oliveira of SEAGRO, 2013).

1) Boycotts are another policy tool that is can be used by international actors and
are sometimes referred to as successful tool against deforestation in Brazil (Nepstad
et al., 2006). The majority of the exports from our case study region are sold to Russia and the Middle East, where consumer demand for sustainably produced products
is traditionally rather low, rendering this option less unsuitable.
2) The carbon content of forests also varies depending on the specific forest condition. Still, the variation in carbon content is smaller and less complex than for other
services and thus (mostly) abstracted from for this thesis.
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There are also several groups of indigenous people living in the
forest areas of Tocantins. While they need to be considered for a
statewide REDD+ strategy, the focus of this thesis is on privately
owned land licensed for deforestation. Deforestation in indigenous areas is always illegal and thus not of interest for this thesis.
We would also like to note that the methods and the economic
problem framing used in this thesis is most likely not suitable to
deal with the issues and problems of indigenous people in relation
to REDD+ (personal communication, Narubia Werreriá, local
indigenous leader, 2013).
This thesis also assumes a sufficient willingness to pay for reducing CO 2 emissions from industrialized countries. While there
currently is some willingness to pay, most notably from the Norwegian Government, the levels of finance available are far below
what would be required to achieve the goals of REDD+ (Parker et
al., 2009).
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6. Outline of the Thesis
6.1 Chapter Two
Don Quixote and the Trees –
Harmonizing REDD+ with Windmills
Chapter two lays the theoretical and policy context foundations
for payments for avoided deforestation. It addresses the research
questions R1 and R2. The chapter investigates the peculiarities
and fall strings of accounting for emission reductions from avoided deforestation by comparing the currently available accounting standards for avoided deforestation projects to the rules for
renewable energy projects. It does so for the general rules as well
as the technology specific rules and an example project from the
cattle sector. We find a key difference in the application of relative baselines in renewable energy projects and absolute baselines
in avoided deforestation projects. Further, relative baselines are
found more suitable for individual projects while absolute baselines are found more suitable for jurisdictional programs. This
leads to a suggestion of a nested approach using relative baselines
at a project level nested into jurisdictional programs using absolute baselines.

6.2 Chapter Three
How (not) to Pay - The Impact of Conditionality
Design on the Cost-Effectiveness of Payments
for Avoided Deforestation
Chapter three describes the experiment in detail. It addresses the
research questions R3, R4, R5 and R6. We show how different
conditionality types and pricing modalities as well as payment
periods inf luence conservation outcomes by a PES scheme. We
do not find an impact for different PES design options to address price volatilities, but a highly significant effect for different
conditionality types. We further find that all temporarily limited
payments lead to a rapid reversal of emission reductions once the
payments come to an end. Based on the experimental outcomes,
we further compute the cost-effectiveness of the different PES
schemes, coming to an ambiguous result: The relative cost-effectiveness of different conditionality types depends on the assump-

tions regarding leakage. At high leakage, stock-based payments
are found to be more cost-effective than emission-based payments, while at low leakage levels the ranking in terms of cost-effectiveness is reversed.

6.3 Chapter Four
Return per Hectare or per Dollar? - Opportunity
Costs of Conservation under Capital Constraints
and Intensification Potential
Chapter four introduces the simulation used to answer research
question R7 and R8. We defined decision algorithms derived
from the experimentally observed behavior to evaluate the game
for parameters not realized in the experiment. In particular, we
investigate the effect of different levels of payments for both
conditionality types. The results show that in a region where
extensive land use is dominant, but intensification possible and
capital is constrained a PES scheme for avoided deforestation can
either target medium conservation or full conservation. Medium
conservation can either be a constant, but slowed down deforestation achievable by low stock-based payments or a temporary
stop in deforestation followed by rapid deforestation after a
while achievable by emission-based payments. The payment level
required to achieve medium conservation is lower for stock-based
payments, but the payment level required to achieve full conservation is lower for emission-based payments. Payments slightly
above or below the minimal amount required to achieve medium
conservation are found to increase deforestation rates compared
to the optimal level for stock-based payments due an increase in
capital availability.

6.4 Chapter Five
Summary and Conclusion
Chapter five summarizes the results from the research described
in this chapter, concludes and puts the thesis into the bigger
policy picture.
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CHAPTER TWO

Don Quixote and the Trees –
Harmonizing REDD+ with Windmills

Abstract
A general framework for carbon emission reduction accounting
is presented and used for a comparison of the accounting procedures of REDD+ projects under the Verified Carbon Standard
and renewable energy projects under the Clean Development
Mechanism. The comparison includes the standard guidelines,
one example methodology and a stylized project. It unveils implications of the two accounting systems regarding the problems
of additionality, leakage and permanence. Depending on choices
made in the accounting, additionality, leakage and permanence
can either appear as dangerous giants or harmless windmills. It is
shown that the differences are only due to the accounting choices
and independent of the different underlying physical systems.
The analysis ends by proposing a Unified Carbon Accounting
System building on the strengths and using elements of both
mechanisms as well as the current proposals for Nationally Appropriate Mitigation Actions, which can be applied to emissions
from both forests and fossil fuels. The new system aims to solidify
both existing approaches in order to give the term “carbon emission reduction” a single and well-defined meaning.

1. Introduction
Reducing CO 2 emissions is a globally agreed target to mitigate
climate change (UNFCCC 1998). Emission reductions can be
understood as an environmental service. One option for setting
incentives to supply this service is to give an economic value to it.
But this requires quantifying the impact of human activities on
reducing CO 2 emissions. Unfortunately, emission reductions as
a service have two key properties that make them rather difficult
to quantify. As the service is a reduction, it is not sufficient to
measure actual emissions. The actual emissions also need to be
compared to a counterfactual emission scenario to calculate the
reduction. Additionally, in a globalized economy the impact of a
local human activity on global emissions may not be completely
captured by to the local, measurable emissions. Thus any mechanism relying on payments for ecosystem services for reduced
CO 2 emissions requires carbon accounting procedures to translate
observable activities into quantifiable emission reductions. Given
the extreme diversity of emission causing activities, it can be expected that partly incommensurable approaches are being used to
account for emissions from different sources, potentially leading
to conf licts and sub-optimal decisions.

1.1 Approach
This article analyses carbon accounting in the two major global
payment mechanisms for emission reductions under the United
Nations Framework Convention on Climate Change (UNFCCC):
The “Clean Development Mechanism” (CDM) and “Reducing
emissions from deforestation and forest degradation and the role
of conservation, sustainable management of forests and enhancement of forest carbon stocks in developing countries” (REDD+).
These two mechanisms are among the most important sources
of finance for emission reductions in developing countries and
emerging economies, making their success vital to the achievement of a 2° target (UNFCCC, 2014). Due to the sheer size of the
two mechanisms, even minor f laws in the accounting can create
millions of tons of so called “hot air” (Michaelowa, 2005, Angelsen, 2009), a term coined for emission reductions that appear
only on paper but not in the atmosphere.
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The CDM aims to reduce greenhouse gas emissions from developing countries and emerging economies (UNFCCC, 1998). It is
f lexible on where and how emissions are reduced and is thus considered cost-effective (Woerdmann, 2000). The CDM operates by
providing financial value to virtual emission reduction accounting units (ERs). These units are generated from physical activities
via carbon accounting procedures. Scientifically sound carbon
accounting is needed to ensure that these virtual ERs match
physical reductions in global CO 2 emissions (Laurikka, 2002).
Without such a match, the mechanism cannot achieve its goal
of providing cost-effective climate change mitigation as it may
incentivize suboptimal activities. The CDM is a project-based
mechanism, i.e. it accounts for ERs on a project-by-project basis
without further aggregation. It is currently developing to further
include sector wide and national approaches under the umbrella
term “Nationally Appropriate Mitigation Actions” (NAMAs),
which I only discuss in the concluding policy proposal. The
CDM excludes emissions from deforestation (UNFCCC, 2001).
In contrast to the CDM, REDD+ exclusively targets emissions
from the land-use sector (UNFCCC, 2007). REDD+ is in the
pilot phase, and the UNFCCC negotiations have not settled on
several points yet (López-Casero et al. 2012). Carbon accounting
in REDD+ is facing the same issue of matching physical activities
to unobservable CO 2 emission reductions via the generation of
virtual ERs described above.
When following the technical discussions in a carbon market
environment, it can readily be observed that the problematic spots
in accounting for emission reductions vary substantially between
the two mechanisms. This difference is particular strong regarding the problems of Baselines/Additionality, Leakage and Permanence, which I proceed to discuss in more detail below. Accordingly, it seems likely that there are conceptual differences between
the two mechanisms, which may lead to the creation of substantial amounts of “hot air“ in one or the other. To compare the
two approaches, I first develop a general, theoretical framework
suitable to address any kind of CO 2 emission reduction, independent of the underlying physical system. Using this framework I
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comparatively analyze the predominant accounting approach used
under the CDM and REDD+ to identify the source of inconsistencies between the two accounting systems. The analysis closes
with a proposal aiming to reduce these inconsistencies and improving the consistency between reductions in atmospheric CO 2
concentrations and the generation of virtual ERs for both.

neither any publication by the Center for International Forestry
Research (CIFOR), which is a major research source on REDD+.
While compatible with their very broad definition of “carbon
accounting”, this article uses a more technically operationalized
definition with a strong focus on the aspect of the quantification
of emission reductions.

1.2 Background
A mutual learning process between CDM and REDD+, potentially leading to integration into one mechanism, has been
prominently suggested by the High Level CDM Policy Dialogue
(Moosa et al., 2012, page 28). Most cross-mechanism research so
far has focused on the institutional level. Neeff & Ascui (2009)
provide such lessons learned from CDM for REDD+ on an institutional level. One of these lessons is the need for project level
accounting for REDD+. In contrast to their analysis, this article
focuses on accounting only. Recognizing the uncertainty over the
role of carbon markets in the future UNFCCC regime highlighted by Neeff & Ascui (2009), I argue that sound accounting
methods will be important for any results-based payment system
for reduced CO 2 emissions, no matter if the source of funding are
carbon markets, results-based donations or a multinational fund.
Stechemesser & Guenther (2012) provide a systematic review
of the existing academic and professional literature on carbon
accounting, which has just emerged as an independent field of
investigation. Their main goal is to develop a universal definition and trace the existing discourse. They find that carbon
accounting is discussed at four separate strains of citation-trees.
Each such tree was identified to focus on a different scale, namely
national (or jurisdictional) scale, project scale, organizational
scale and product scale. Their literature review was based on
the terminology of “accounting” and therefore did not consider a large part of the literature on REDD+ and the CDM but
included a significant part focusing on financial accounting for
carbon allowances in firms under an emission trading system. For
example it includes no publications from the Journal “Climate
Policy”, a major journal for the investigation of the CDM, and
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In a sociological-historical analysis, Ascui & Lovell (2011, p.979)
show how different communities of practice in carbon accounting use different and colliding frames of reference. They identify
these frames of reference as physical, political, market-enabling,
financial and social/environmental and show how the collisions
between them have created “overlaps and discontinuities” that
“did not receive sufficient critical attention”. They conclude that
understanding the frictions between the different frames is an important step towards finding solutions to climate change, as these
frictions can have material negative consequences. They further
find that accounting for REDD+ is “hotly contested” and needs
further research, which is also confirmed by Fearnside (2012),
who goes so far to call the current discourse on REDD+ accounting a “theoretical battlefield”.
Lederer (2011) compares the governance structures behind CDM
and REDD+ based on a literature review. The main axis of his
analysis is along input oriented and output oriented legitimacy
of the governance structures determining the rules of the two
mechanisms. Lederer finds that there are many parallels between
the two mechanisms on an institutional level, but REDD+ faces
more scrutiny on the input-level, which Lederer identifies as
caused by the larger involvement of least developed areas under
weak governance.
While not considering organizational carbon accounting, this article addresses all the three other scales identified by Stechemesser
& Guenther (2012). For the renewable energy projects under the
CDM (RE CDM), I discuss how it uses a product footprint to
determine project scale emission reductions and contrast it with
REDD+ using the Verified Carbon Standard (VCS REDD+),
which faces a major issue with leakage when accounting on a proj-
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ect scale for projects directly without a product footprint. In the
last section, I develop a policy proposal for the implementation
of REDD+ and harmonization with the CDM by linking the two
layers on a national scale.

and any issues going beyond this narrow aspect of sustainability
are consciously left aside to reduce the complexity of the analysis. It therefore also does not consider REDD+ readiness activities, which are currently taking place in many countries and are
intended to enable a future results-based payments for emission
reductions.

In the terms of Ascui & Lovell, I only consider political and
market-enabling functions of carbon accounting. The following
analysis contributes to the understanding of the causes of frictions between those two frames in greater detail than previous
work. Compared to Lederer (2011) this article has a strong focus
on the technical aspects and actual implementation of carbon
accounting, but excludes issues relating to legitimacy or governance processes that were in Lederer’s focus. Further literature on
specific aspects of carbon accounting is reviewed in the according
sections below.

1.3 Methods
As the literature on accounting for emission reductions is rather
disjoint between work on forest carbon and other emission sources, I start by developing a simple theoretical framework to account for emission reductions from first principles, as no suitable
formal framework was found available at the time of writing. The
framework can describe the three main themes of the following
analysis (Baselines/Additionality, Leakage and Permanence) independent of the physical source of emissions.
The main body of this article is a comparative analysis of accounting under REDD+ and the CDM. As both mechanisms are
umbrellas for a large number of highly divergent activities, the
analysis uses three major simplifications:
First, as the UNFCCC process resulted from the broader Earth
Summit / Rio Process on sustainable development, it does not
solely aim at reducing greenhouse gas (GHG) emissions. “Sustainable Development” is also mentioned as an explicit goal of the
Kyoto protocol (UNFCCC 1998, e.g. Article 2.1 and Article 10)
and in the CDM in particular (UNFCCC 1998, Article 12.2).
The focus of this article is on greenhouse gas accounting only

59

Third, as there are no accounting rules for REDD+ under the
UNFCCC yet, this analysis will focus on the rules for REDD+
set by the Verified Carbon Standard (VCS, 2012b) for individual
projects in the voluntary carbon market. This is justified as the
VCS rules are built on the same concepts and scientific considerations that feed the UNFCCC negotiations and the VCS is further actively shaping the rules for REDD+ offsets in the emerging
Californian carbon market (VCS, 2014). The voluntary market
was thus coined a “testing field” (Dutschke et al., 2008) for future compliance regimes and many negotiators in the UNFCCC
REDD+ debate observe the developments of the VCS REDD+
standard. This simplification implies that, despite ongoing debate
on the role of global, national, sub-national and project level
accounting for REDD+, the analytic part of this article will focus
on a project level. The individual project can be understood as the
most basic unit of any higher-level intervention. Neeff and Ascui
(2009) indicate a need for project level crediting for REDD+
for financial reasons. Project level accounting is also required as
basis for nesting projects into subnational and national schemes
as suggested by Angelsen (2008) and Pedroni (2009). The policy
proposal in the last section of this article pays attention to the
role of the jurisdictional scale and embeds the project level in the
national level accounting.
Second, for the sake of tractability, this comparison is restricted
to renewable electricity production as CDM project type and
avoided planned deforestation for commercial agricultural production as VCS REDD+ project type. This choice is justified as
renewable energy projects make up more than 50% of all registered CDM projects today (UNEP RISOE, 2012) and planned
deforestation for commercial agricultural production is considered the largest single driver of deforestation globally (DeFries,

60

Don Quixote & the Trees | Introduction

Rudel, & Uriarte, 2010; Hosonuma et al., 2012).

ent hierarchical levels allows bridging the complex links between
high-level rules and project implementation.

Within these limitations, the analysis has two structural elements: First, it is structured along three major topics in carbon
accounting: Baselines/Additionality, Leakage and Permanence.
Each problem is conceptualized in terms of the general framework
and in light of existing literature and then analyzed for both RE
CDM and VCS REDD+. While generally accepted as of central importance, these three problems are not the only possible
perspective. The choice was based on observations in a carbon
market environment that when a VCS REDD+ and RE CDM
carbon accountant discuss additionality, leakage and permanence,
it seems like a discourse between Don Quixote and Sancho Pansa:
When discussing additionality they disagree about the very meaning of the word, while for leakage and permanence one of them
sees dangerous giants where the other can only identify harmless
windmills. Unfortunately the analogy to Cervantes story has its
limitations: In our case, it is not clear who of the two characters is
suffering from delusions.
Second, I discuss each of the three problems on each of the three
hierarchical levels of the accounting rules. The CDM and VCS
REDD+ each have a set of general standard guidelines. These
guidelines can be understood as the “constitutions” of carbon
accounting. Based on those “constitutions”, both standards allow
third parties to develop methodologies.1) Once approved, these
methodologies form the “laws” of the standard. New projects are
assessed against the methodologies, while new methodologies are
assessed against the general guidelines. VCS REDD+ and RE
CDM carbon accounting regulation are compared on these three
hierarchical levels – the general standard guidelines, one existing example methodology and a stylized example project. The
example projects are a wind turbine project generating renewable
electricity and a REDD+ project that avoids conversion of a forest
for commercial cattle production. This parallel analysis on differ1)

1) In carbon accounting jargon, a “methodology” is a document that gives precise
guidelines on accounting for a particular type of ER project. Methodologies specify
the type of projects for which they can be used according to their applicability conditions and define monitoring and ER calculation procedures.
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Despite being stylized projects, the examples used in this analysis
are similar to registered VCS REDD+ and CDM projects, e.g.
to the CDM project with reference number 4756 and the VCS
project with project ID 832. The REDD+ example methodology
is VM0007 “REDD Methodology Modules (REDD-MF)” (VCS,
2012c), the methodology with the widest applicability conditions
under VCS REDD+ and only methodology applicable for reduced
emissions from planned deforestation for cattle ranching. The
CDM example methodology is ACM0002, “Consolidated baseline methodology for grid-connected electricity generation from
renewable sources” UNFCCC (2012b), which is used in more
than 50% of all registered CDM projects (UNEP RISOE, 2012).
The analysis continues by showing that the accounting principles behind the RE CDM could also be applied to forests and
the principles behind REDD+ accounting could also be applied
to fossil fuels, based on two historic cases. These two cases show
that accounting procedures play a larger role for the three major
problems of Baselines/Additionality, Leakage and Permanence
than the physical systems under consideration.
The article closes by proposing a unifying accounting framework
that aims to utilize the advantages of both the REDD+ and the
CDM identified above.

2. A General Framework for Carbon
Emission Reduction Accounting

The reason for the need to account for Greenhouse Gases (GHGs)
is the wish to reduce anthropogenic climate change.1) The most
important variables in the physical science of anthropogenic climate change are the global average concentrations of GHGs. As a
payment scheme does not need to consider natural variability, the
relevant GHG concentration can be expressed as a temporal integral over the global anthropogenic GHG emission rate. To allow
for the spatial differentiation required for accounting, the global
sum over all local emission rates is used:
E(t) GHG,global=∑ global E(t) GHG,local

		

(1)

Where “E(t)” denotes emission rates, specified by “GHG” to refer
to all greenhouse gases, and “global/local” to specify the geographic source. Payments are intended for emission reductions
(ERs), not emission rates. Calculating emission reductions requires to integrate rates over time and introduce a counterfactual,
baseline emission rate E(t) GHG,BL to which the, observed emission
rate E(t) GHG,OB is compared. Baselines can be understood as the
right to emit. Their determination is thus prima face a political
question and not a scientific one. Thus the total, global amount
of ERs can be expressed as:
t

ER(t) =∫ t0 ∑ global(E(t) GHG,BL - E(t) GHG,OB) dt

(2)

Where ER(t) denotes emission reduction accounting units at time
t. This equation should be the general starting point for every
type of greenhouse gas emission reduction accounting. Figure
2.1 illustrates one potential path of emission rates and resulting
emission reductions according to equation (2).

1) The CDM also allows for projects reducing non-CO 2 greenhouse gases. See e.g.
MacKenzie (2009) for a discussion of the issues arising from the accounting for nonCO 2 greenhouse gases.

Global GHG Emission Rate

2.1 Deriving a general equation for
calculating emission reductions
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ER (positive)
ER (negative)
E(GHG)BL
E(GHG)OB

Time
Figure 2.1: A potential pathway for an observed emission rate, a
baseline emission rate and the resulting emission reductions.
ERs are the difference between the temporal integral over a baseline emission rate and the observed emission rate. Negative ERs
can result if the observed emission rate is higher than the baseline, i.e. when E(t) GHG,OB > E(t) GHG,BL .

2.2 Simplifications
For the purpose of this particular analysis, the following simplifications are made:
1) The starting point of the temporal integral is set to t 0 , which
is defined as when an entity applies for payments. By making this
simplification two issues discussed in the literature are ignored.
Historic emissions dating back at least to the industrial revolution are used as ethical argument for defining the rights to future
emissions. Thus the attribution of rights to emit and obligations
to pay for reductions, and the resulting baseline emissions may
depend on past emission rates, which is not captured in this analysis. Additionally, choosing t 0 as the day when an entity applies
for payments misses potential strategic behavior resulting in the
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manipulation of baseline emission levels in case those are set
according to recent historic emissions. While this problem is not
in the scope of this analysis, it could be fixed by setting t 0 = 1992,
when the Earth Summit in Rio for the first time brought up climate change on the international agenda. While an end point of
the temporal integral is required to operationalize accounting, it
is not defined now but discussed in the section on permanence, as
this issue is treated differently in VCS REDD+ and RE CDM.

2.3 Additionality & Baselines in the general
framework

2) VCS REDD+ and RE CDM involve payments from Annex I
countries to non-Annex I countries. When a payment is made it
impacts both the party receiving it and the party making it. The
effect of making payments on Annex I countries depends on both
how they raise the funds and what role the payments play in their
internal climate policy. This article does not deal with the issue
how funds are raised in Annex I countries nor with the issue how
the payments are impacting domestic reduction strategies. 2) Thus
the global sum over local emission rates is limited to non-Annex I
countries.
3) This article focuses on avoided deforestation and renewable
energies as project types to reduce emissions. While there is a role
of non-CO 2 greenhouse gases in both cases (see e.g. MacKenzie,
2009), it is limited and thus ignored. For the remainder of the
article, only CO 2 emissions are considered. Thus the equation
relevant for the issues considered in this article is:
t

ER(t 1) =∫ t0=date of application ∑ (non-Annex I)(E(t) CO2,BL - E(t) CO2,OB) dt

(3)

The three Don Quixotian Giants (Additionality, Leakage &
Permanence) analyzed in this article can be derived from equation
(3).

Most commonly, the baseline emissions are defined as those
emissions that would happen in a world ceteris paribus (CP) except for the payments made for the emission reductions (Müller,
2009). Emission reductions calculated from such a baseline are
called “additional”. This definition implies a causal relationship
between the payments made and the emission reductions paid for.
For ERs to be additional in this sense, it is required to set
E(t) CO2,BL = E(t) CO2,CP
in equation (3). E(t) CO2,BL is prima face a negotiated value. Nevertheless, if the negotiations lead to the idea to define baselines
as ceteris paribus, then E(t) CO2,CP should be scientifically determined. The determination of the “E(t) CO2,CP ” leads to the problem
of additionality: How can be determined what exactly would the
world be like without the payments? Throughout this analysis,
“baseline” will be used to describe any E(t)CO2 ,BL , independent of
additionality. “Additionality” is defined as a property of ERs that
result from comparing E(t) CO2,OB with the ceteris paribus baseline,
i.e. when E(t) CO2,BL = E(t) CO2,CP. Other uses of the word “Additionality” are discussed in section 3.1.

2.4 Leakage in the general framework
The spatial sum over all non-Annex I countries leads to the
problem of leakage: It is hardly feasible to realistically model
and monitor the effect of a payment and the associated activity
on emission levels in all 154 non-Annex I countries. Thus only
a sum over the system boundaries, ∑ SB is used in accounting.
Any changes in emissions outside the system boundaries that are
causally induced by the payments are defined as “leakage” and
deducted from the ERs, using
E(t) CO2,leakage =- ∑ (Non-Annex I without SB) (E(t) CO2,BL - E(t) CO2,OB)

2) E.g. when raising funds from auctioning emission allowances in a cap-and-trade
scheme a decrease of the buyers’ emissions would be expected, while when using
the payments made as justification for lower efforts in reducing domestic emissions
(“offsetting”) an increase in buyers’ emissions will result.
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Assume, for example a project that reduces emissions by 100
tCO 2 within the system boundaries. But the project also has a

(4)
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spillover effect in another area in a non-Annex I country causing
an additional emission of 20 tCO 2 there. The reduction in all
non-Annex I countries is thus 80 tCO 2 , while the ERs within the
system boundaries are 100 tCO 2 , giving us 20 tCO 2 of leakage
according to (4).3)

The unlimited upper boundary of the temporal integral leads to
the problem of permanence. A promise to pay in a far away future
is little incentive today, thus, in order to have a causal impact
on emission reductions, payments need to be made earlier in the
progress. As a result, the accounting has to be done over a smaller
t
temporal integral ∫ t0 […] dt.
But, as indicated in figure 2.1, it is possible for the ERs to become
negative when E(t) CO2,OB is above E(t) CO2,BL . This is not necessarily
a problem, as long as it happens within an accounting period that
has a positive total integral. If the total temporal integral is zero
or negative, no ERs can be sold and the carbon accounts remain
in order.
Now assume a case where E(t) CO2,OB is below E(t) CO2,BL from t 0 to
t 1. When the accounting is done at t 1 there is a positive amount of
t
ERs to be sold, namely ER(t1) = ∫ t0E(t) CO2,BL - E(t) CO2,OB dt. But if
at the next accounting period ending at t 2 the observed emissions
increase over the baseline emissions, negative ERs are created.
As non-Annex I countries do not have to compensate emissions
over their baseline and can keep a negative account, this situation
creates an accounting artifact: If the accounting is done only once
at t 2 , no ERs are issued, but if done at t 1 first and at t 2 again, ERs
are issued despite no physical difference. Due to this problem, if
negative ERs are generated after the sales of ERs, the amount of
t2
ERs equal to ∫ t1 E(t) CO2,BL - E(t) CO2,OB dt is called “impermanent”
and loses its value for the buyer. Such a case is illustrated in figure 2.2.
3) The minus sign is required for consistency with the standard nomenclature of
CDM and VCS REDD+, as they define leakage in terms of emissions, not emission
reductions.

ER (positive)
ER (negative)
ER (impermanent)

CO2 Emission Rate

2.5 Permanence in the general framework

67

E(CO2)BL
E(CO2)OB

t0

t1

t2

Time

Figure 2.2: An Illustration of Impermanence
Impermanence can thus occur whenever ERs for a past time
period are accounted for and sold without knowledge of a future
rise in E(t) CO2,OB above E(t) CO2,BL . Such a scenario can happen if
a project delays emissions instead of reducing them and accounts
for and sells ERs just before the delayed emissions occur.
Leakage and Permanence are structurally related, as both result
from choosing a smaller accounting boundary in the spatial sum
respectively the temporal integral. Thus non-permanence can also
be understood a leakage through time (Kerr, 2013).
Section 3 will analyze how these three issues are dealt with both
in the literature and implementation of the RE CDM and VCS
REDD+.
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3. Comparative Analysis
3.1 Comparison of Baselines & Additionality
between RE CDM and VCS REDD+
3.1.1 Theory of Baselines and Additionality
While initially referring to a property of the funding made
available for international environmental goals (Jordan, 1994),
the term additionality has changed its meaning over time (Michaelowa, 2009).
In the general literature on payments for environmental services, additionality is used to indicate that the payment contract
causally increases the supply of environmental services (Ferraro,
2008) respectively the loss of services is inhibited by the payment
(Engel et al. 2008). The additionality problem was also coined as
avoiding “paying for adoption of practices that would have been
adopted anyway” (Engel et al., 2009) respectively spending “money for nothing” (Ferraro, & Pattanayak 2006).
Within the CDM literature, Gillenwater (2012) shows that there
has been significant confusion over the terminology and logic of
baselines and additionality both in the policy discourse and the
academic literature around the CDM.1) Most literature on CDM
addresses issues of how to technically set baselines (e.g. Bode
& Michaleowa, 2003; Dutschke & Michaelowa, 2006; Greiner
& Michaelowa, 2003; Gustavsson, Karjalainen et al, 2000 and
Kartha & Lazarus, 2005). The terminology and logic is generally
accepted as given and not further discussed despite the unclarities
and differences in concepts behind the approaches discussed.
Most REDD+ literature on baselines refers to national baselines
only. For instance, Angelsen (2008b) shows the political nature
of national REDD+ baselines and introduces differentiations between a crediting baseline and a business as usual baseline, which
may be chosen differently for political reasons. The business as
usual baseline is equivalent to E(t) CO2,CP, while the crediting baseline may be both higher or lower than this in order to incentivize
1) The distinction between academia and policy discourse is not very clear in CDM
and REDD+ literature, as a large share of the research on the topic is conducted in
applied research institutions (e.g. the “Center for International Forestry Research”)
or associated to consulting companies (e.g. Perspectives or Climate Focus).

participation and distribute costs fairly between nations. E.g. a
country like Surinam with low historical deforestation rates may
be granted a higher crediting baseline to incentivize continued
protection, while certain countries with high historical deforestation rates like Brazil indicated a willingness to carry some of
the cost of REDD+ themselves and thus have a crediting baseline
below the business as usual baseline. The understanding of “additionality” in the REDD+ literature is similar to the definition in
2.3 as requirement to set the baseline emission rate equal to E(t)
CO2 , CP without REDD+.
There are two distinct technical approaches how to define
baselines. The terminology used in this article originated from
the UNFCCC process (Matsuo, 1999, Ellis et al., 2001) and is
described scientifically e.g. in Laurikka (2002):
An absolute baseline is defined as “tons of CO 2”. The baseline
emissions are determined ex-ante and not linked to any continuously monitored variable. This type is used in VCS REDD+
where the E(t) CO2,BL are fixed at the beginning of the project
according to historical data and modeled future deforestation for
a period of 10 years and then re-evaluated for the next 10 years.
Absolute baselines are straightforward from the accounting point
of view and in line with the definitions from section 2 above.
Nevertheless, in practice, when absolute baselines are not agreed
upon between donor and recipient but are supposed to be ceteris paribus, things get more messy: Any model of a long term
combined ecological-economic development, as required for
predicting future emissions from deforestation, naturally has
many degrees of freedom in the assumptions and approximations,
including non-linear relations. This issue creates very large uncertainties in any long-term absolute baseline. Accordingly, different
modelers come to vastly different results for the same REDD+
projects baselines.
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For example a difference of 420% between their own and a VCS
project developer’s model was published by Yanai et al (2012). 2)

ity is a binary question with only two answers: Either the project
is accepted as additional and receives the full amount of ERs for
all electricity it produces, or it is not additional and does not receive anything. Furthermore, project additionality can be assessed
independent of the baseline. The binary project additionality
assessment also leads to the so-called “Grubb’s Paradox” (Grubb,
1998): A project that is most cost-effective is also most likely to
be non-additional. The difference between classical additionality
and project additionality is also ref lected in the grammatical use
of “additionality” as a property of ERs in REDD+ and the Kyoto
Protocol, but as a property of ER generating projects in the RE
CDM and the Marrakech Accords.

In contrast, a relative baseline is defined as “tons of CO 2 /
unit * amount of monitored units”. A relative baseline does not
determine total emissions ex-ante, but rather fixes the emission
intensity of some sort of production only. The total baseline emissions are then defined as the product of this emission intensity
and a continuously monitored amount of production. This type
of baseline is used in RE CDM, where only the emission intensity
is fixed for the project crediting period, but not the total baseline
emissions.
Nevertheless, relative baselines have their own caveat: In the RE
CDM the “amount of units in the baseline” is defined as equal
to the level of monitored units with the project. This assumption
can contradict the ceteris paribus requirement for additionality as
defined in section 2: An external subsidy for electricity production can be expected to impact total electricity production. Thus
it is likely inconsistent to assume a “ceteris paribus” world and a
“same amount of electricity” world at the same time. The baseline
scenario in the RE CDM is not a world ceteris paribus except for
the payments, but a hypothetical world without the payments that
somehow produces the same amount of electricity as the existing
world with the payments.
Thus, with this conceptual change, the additionality question
asked under the RE CDM is not “How can be determined what
exactly would have happened without the payments?” as in section 2.3 but “How can be determined if this particular production site for renewable energy would have been constructed without the payments?” This type of additionality is called “project
additionality” for the remainder of this article. Project additional2) Tiny changes in the underlying ecological or economic model or starting conditions can alter the long-term model outcome dramatically (confirmed in personal
communication and participating observation with various professional REDD+
developers). This issue is very hard to overcome as even very simple non-linear system
models suffer from the same problem of natural unpredictably (Poincaré, 1890).
There is little reason to believe that the land use sector of Brazil is a more deterministic system than three mass points in an empty, Newtonian universe.
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3.1.2 Baselines and Additionality in the RE CDM
The definition of baselines has been separated from project additionality tests in the implementation of the RE CDM into two
distinct steps. The rules for determining project additionality are
laid out in the “additionality tool” (UNFCCC, 2012a), while the
rules for setting the baseline are defined in the baseline methodology (UNFCCC, 2012b).
The CDM additionality tool (UNFCCC, 20012a) defines how to
test if a project would have been built without CDM revenue. The
exact wording on financial additionality in the tool is (UNFCCC, 2012a, page 6):
“Determine whether the proposed project activity is not:
(a) The most economically or financially attractive; or
(b) Economically or financially feasible, without the revenue from
the sale of certified emission reductions (CERs).”
Condition (a) requires the identification of alternative investment scenarios and is thus not applicable to the example project
of a wind farm, because electricity from the grid is accepted as
alternative scenario by default for renewable energy projects. To
comply with condition (b), the wind farm developer has to show
an internal rate of return (IRR) below a benchmark threshold
(e.g. 10%). A wind farm project in an exceptionally good location
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may have a higher IRR and is thus not considered additional.
IRR calculations depend on private information by the investor
and are thus difficult to assess by auditors. Validation of project
additionality for wind farm projects is cumbersome and has led to
the rejection of projects by auditors and the CDM authorities in
the past. The project additionality test is done independent of the
baseline. The crediting period is 10 years.3)

Using the notation of the general framework, the CDM thus
accounts for:

Once project additionality is accepted, the baseline is set according to the example methodology applicable to wind turbines
(UNFCCC 2012b, for the original equations see Annex 1-I).
While the time intervals of ER calculation can be chosen by the
project proponent at will, the default value is one year in the
methodology (UNFCCC, 2012b, page 11)
To derive the baseline emissions, the electricity produced by the
wind project is thus monitored and multiplied by the emissions
associated with electricity production per MWh in the grid.4) The
baseline emissions are not defined as ceteris paribus emissions,
but as the emissions associated with producing the same amount
of electricity as produced by the project in the grid. The system
boundaries are the entire electricity production system used to
calculate the grid emission factor but exclude the carbon stocks
(e.g. coal mines). The spatial sum is thus over the whole electricity grid.

3) It is also accepted to chose a 7 year crediting period, which can then be extended
three times. A new additionality test is required for every extension. Projects remain
accepted as additional during the 10 respectively 7 years even if conditions change
and e.g. the benchmark threshold for IRR drops.
4) There is a sophisticated and politically sensitive calculation behind the grid
emission factor. See Michaelowa (2005) and Carbon Market Watch (2011).

t

ER(t 1) =∫ t0 ∑ (Grid) (E(t) CO2,BL - E(t) CO2,OB) dt
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(5)

Where
E(t) CO2,BL = EG grid,BL * EFgrid
E(t) CO2,OB =(EG grid,OB - EG project,OB) * EFgrid + E(t) CO2,project,OB
EG project,OB = total electricity generation in the project (monitored)
EG grid = total electricity generation in the grid (BL for Baseline,
OB for Observed)
EFgrid = Grid Emission Factor
As EG grid,BL = EG grid,OB by assumption, EG grid cancels out and thus
all emissions outside the project site are not accounted for. The
spatial system boundaries are reduced to the project itself. Additionally, if E(t) CO2,project = 0 as for a wind farm, equation (5) can be
reduced to:
t

ER(t 1) =∫ t0 ∑ (project)(EG project*EFgrid)dt

		

(6)

So RE CDM accounting is based only on the electricity production in the project and the grid factor. Accordingly, the RE CDM
analogue to figure 2.1 has the shape of figure 2.3:
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Figure 2.3: in RE CDM projects, E(t) CO2,BL varies according to monitored data, while the project emissions are zero
This has an important practical consequence: The wind farm
gains the same amount of credits, no matter if any coal-fired power plants are added or removed on the same grid over the project
crediting period.5) The RE CDM rules do not account for the
amount of coal-fired electricity, but for an increase in renewable
electricity. Thus, in an extreme case, RE CDM projects might not
decrease national emissions compared to a ceteris paribus scenario,
but instead only increase electricity supply over the ceteris paribus
electricity supply without causing additional emissions. If such is
the case, global CO 2 emissions are not reduced by the RE CDM
project, but the national economic development is increased at
constant emissions. The CDM accounting rules cannot distinguish to what degree emissions are reduced or development is
increased, as neither coal fired power plants nor coal reserves are
accounted for.
5) To be more precise, the amount of ERs increases slightly if the share of coal-fired
power plants increases and decreases if less coal is burned, as the grid emission factor
is updated annually. This effect so far has been very small for the major CDM host
countries.
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3.1.3 Baselines and Additionality in VCS REDD+
VCS REDD+ always uses absolute baselines, independent of the
project size. Nevertheless, the VCS provides a project level additionality tool comparable to the CDM tool. It follows a similar
approach as the CDM on a project scale (VCS, 2012b), but waives
project additionality proof for jurisdictional programs (VCS,
2012e). 6) The VCS rules for jurisdictional and nested REDD+
explicitly state that project additionality of jurisdictional programs does not need to be tested but requires “rigorous baseline
determination” (VCS, 2012e, page 21). The additionality test for
individual VCS REDD+ projects can be understood as a reality
check of the baseline scenario. In contrast to the RE CDM, the
baseline scenario defined by the project developer determines the
outcome of the additionality test, so there are no two separate,
independent steps.
The VCS REDD+ additionality tool is used in the example methodology (VCS, 2012c). The rules in the tool follow the same steps
as the CDM additionality tool, with one important exception:
The VCS REDD+ additionality tool does not include a requirement for the choice of alternative scenarios to provide the same
level of services as the project.7)
In our hypothetical example project, the baseline is defined as
extensive cattle production, while the project activity is sustainable forest use. The financial return of clear-cut wood harvesting
6) The term “Jurisdictional Programs” refers to programmatic approaches in both
CDM and REDD+ that cover not just individual projects, but a whole sector within
a jurisdictional unit. Jurisdictions can be nations or subnational units such as states.
The term “nesting” refers to the integration of sub-jurisdictional project activities
into jurisdictional programs. Nesting has been suggested as an approach to scale up
ER activities and reduce leakage and is discussed in section 4.
7) While the VCS Standard document does not allow such differences between
baseline and project activities in general, the specific REDD+ documents accept such
baselines. According to the VCS (2012a) general standard:		
“3.13.2 Equivalence in type and level of activity of products or services provided by
the project and the baseline scenario shall be demonstrated and, where appropriate,
any significant differences between the project and the baseline scenario shall be
explained.”							
In contrast, the VCS (2012b) – AFOLU Guidelines do not mention levels of activity,
products or services in relation to baselines, but only in the leakage section.
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and continuous cattle production are higher than returns from
continued forest use or conservation. Thus it is easy to define
and validate additionality in the example project according to the
VCS REDD+ additionality tool.
It is more challenging under the VCS REDD+ to define the
baseline emissions. The example methodology provides a separate
module for baseline assessment with similarly difficult requirements as in the additionality tool of the CDM. For example a
proof of “intention to deforest” is required, which is obviously
private information (VCS, 2012f, page 7). In the example project,
this is the intention to deforest an area to expand cattle grazing.
From this intention, a carbon stock change pathway is modeled
(VCS, 2012c, page 15, see Annex 1-I for the original equations).
In the VCS equations, only the project emissions refer to the
“Module Monitoring”. This includes satellite images of land use
and on the ground measurements of carbon densities in sample
plots. These results and the ex-ante leakage calculations are compared with a hypothetical carbon stock change from the ex-ante
modeled without-project scenario (VCS, 2012f ). The maximum
total baseline emissions are determined by the total initial carbon
stock. In the example project, the baseline would be rapid deforestation, followed by a long period of grazing on the land without
further deforestation. Using the notation of the general framework, the emission reductions are calculated as by equation (7):
t

ER(t 1) =∫ t0 ∑ SB (E(t) CO2,BL - E(t) CO2,OB) - E(t) CO2,leackage dt

(7)

For the example VCS REDD+ project only the project emissions
are monitored. Thus the VCS REDD+ analogue to figure 2.1 has
the following shape:
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E(t) CO2,OB
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Figure 2.4: ERs over time in VCS REDD+
In VCS REDD+ projects, E(t) CO2,BL is fixed and always lower or
equal to the total carbon stock in the project area. In the example
project, the E(t) CO2,BL falls to zero after a few years when the entire
carbon stock would have been emitted in the baseline scenario.
E(t )CO2,OB is monitored and can vary from year to year as indicated
by the small spike, but can never exceed the total carbon stock in
sum.
This has one important practical consequence: The details of how
the baseline is modeled are crucial in determining a VCS REDD+
project developer’s profit. As the baseline models depend on a
series of assumptions with no scientifically “right” choice, even
a slight tendency to prefer the more favorable choices can lead to
inf lated baselines. In case an inf lated baseline is accepted, the
project developer literally can receive “money for nothing” for 10
years as the implementation of REDD+ projects does not require
an active intervention. 8)
8) While it may be argued that non-additional CDM projects also receive “money
for nothing”, there is still a significant difference: A CDM project requires an active
intervention and absorbs a large amount of capital in the implementation of, e.g.,
a wind farm. If the project is non-additional, it’s so to speak, “money for nothing
special”, not “money for nothing”. On the contrary, a REDD+ project has a much
lower requirement for capital investment than the avoided agricultural expansion.
The CDM “nothing” still depends on and is limited by the production of renewable
electricity. The REDD+ “nothing” is really no thing at all – the only cost is for monitoring and verification and the only limit the total forest standing.
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3.1.4 Contrasting baseline and additionality rules in the
two mechanisms
“Additionality” has a different meaning in VCS REDD+ and RE
CDM. While in VCS REDD+, the additionality test is considered
a double check for the credibility of the baseline scenario and can
be altered by changing the baseline, in RE CDM the baseline
scenario is independent of the additionality test. In VCS REDD+
“additionality” is an attribute of ERs, while in RE CDM “additionality” is an attribute of projects. The RE CDM rules imply
that ERs resulting from “additional projects” are also considered
“additional ERs”. RE CDM additionality is a binary question
while VCS REDD+ additionality is continuous.

Under a system that allows for reduced activity levels, the project
could also gain ERs for not constructing the feedlots in the first
place and not producing any cattle altogether. Such projects are
not allowed under the CDM.

For the CDM, Gustavsson et al. (2000) insist that the project
scenario always needs to include at least the same level of service
provision as the baseline scenario for energy projects to avoid
leakage through reduced supply. This objective is achieved by
defining baselines relative to the monitored output of the CDM
project activity. The Marrakech Accords include the following
ruling on the issue in Annex I, Paragraph 47, valid for all CDM
projects:

3.2 Comparison of Leakage

“The baseline shall be defined in a way that CERs cannot be
earned for decreases in activity levels outside the project activity
[…]” 9) (UNFCCC, 2001, Annex A, §47). In the case of renewable
energy projects, “activity levels” refer to electricity consumption.
On the other hand the existing rules for VCS REDD+ allow for
projects to reduce “activity levels” outside the project activity. In
the example project, “activity levels” are the output of cattle and,
accordingly, consumption of beef outside the project activity.
This is a crucial point and deserves another example: Assume a
CDM project reduces methane emissions from intensive cattle
production in newly constructed feedlots. This is an existing
CDM project type, using methodology AMS-III.D. Such a project needs to capture the methane from the manure and f lare it.
9)   CER stands for „Certified Emission Reduction“ and is equivalent to „ER(t)“
in the nomenclature of this article.
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Contrast this to our example VCS REDD+ project: It can claim
ERs for not expanding the pasture and not producing any cattle
altogether. No current VCS REDD+ methodology requires
monitoring of production or service provision. This conceptual
difference can be expected to be a major hurdle for uniting VCS
REDD+ and CDM in one mechanism as suggested by the High
Level CDM Policy Dialogue (Moosa et al. 2012, page 28).

As defined by equation (4) leakage is the difference between the
emission changes within the system boundaries and the emission
changes in all non-Annex I countries. Leakage has been discussed
in the literature for both CDM and REDD+ (Chomitz, 1999).
The analysis here is restricted to one particular type of leakage,
namely market leakage. Market leakage is mediated through
changes in market prices caused by the projects.
3.2.1 Leakage in the RE CDM
Market leakage in renewable electricity projects occurs as a
reduction of demand for fossil fuels in one location impacts the
whole market for fossil fuels. A coalmine operator may not react
to lower demand by reducing extraction, but by rather selling the
same amount of coal at a cheaper price, inducing other coal users
to increase their consumption. Due to the inelasticity of supply in
fossil fuel markets, the total amount of fossil fuel in the market
decreases less than the demand reduction by the CDM projects.
For projects that reduce the demand for crude oil Vöhringer,
Kuosmanen & Dellink (2006) estimate that projects neglecting
leakage accounting will overstate emission reductions by about
14%. Rosendahl & Strand (2011) show that significant amounts
of leakage can in general be expected in all fossil fuel based CDM
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projects. Glomsrød & Taoyuan (2005) indicate that certain coal
washing projects in China may induce more than 100% market
leakage through rebound effects while Böhringer, Conrad &
Löschel (2003) estimate 50-60% of market leakage between the
electricity and other industrial sectors in India.10) Zhang & Wang
(2011) make an econometric comparison between S O2 emissions
and CDM ERs in China and conclude that the CDM did not
contribute to reduce emissions, due to either leakage or non-additionality. In contrast to CO 2 , S O2 can be measured locally, which
is necessary for such an analysis. The emissions of both substances are correlated, as the major source for both is burning of
coal. Millard-Ball & Ortolano (2009) show that effects mediated
through fossil fuels prices are neglected in all CDM methodologies despite those scientific indications. Part of this neglect can be
explained by the assumption that the same service is provided in
the baseline, which can diverge from a strict ceteris paribus. Any
change in emissions from fossil electricity production in the same
grid, which could be causally induced by the payment for ERs, is
also part of the RE CDM baseline scenario.

If a RE CDM project actually reduces coal use in electricity production, than there could also be regular market leakage to other
sectors such as cement production, mediated via a reduction in
coal prices.

On the other hand, if the assumption of same electricity supply were switched for the opposite assumption of an increase in
electricity supply by 100% of the electricity generated by the ER
financed project, this would lead to a situation where the payments only increase the electricity production with zero impact on
emissions.11) Zhu & Tang (2012) argue that such an assumption
would be more realistic and that the majority of ERs from RE
CDM projects are issued for projects that increase total electricity supply instead of replacing regular electricity production due
to the chronic electricity shortage in the biggest RE CDM host
countries. With the assumption of same electricity supply taken
for granted, the RE CDM accounting cannot differentiate between causing an increase in electricity production or a decrease
in emissions. According to the general framework, this effect is
not “leakage” but a result of using a baseline different from strict
“ceteris paribus”.
10)

Their analysis assumes an absolute, but sectorial cap, not the CDM.

11) A realistic ceteris paribus world can be expected to be somewhere in between
the two extremes of no increase in electricity supply by the project and an increase in
supply by 100% of the electricity generated by the project.
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The Marrakech Accords require all CDM projects to take leakage
into account. Despite this requirement, the example methodology
states: “No leakage emissions are considered” (UNFCCC, 2012b,
page 11). Accordingly, the example project does not account for
leakage.
While being an issue from a pure carbon accounting perspective,
the decision not to consider increased supply as problematic can
be understood as in line with the political intention of the “D”
in “CDM”. “Development” is an explicit goal of the mechanism
as by Article 12, paragraph 2 of the Kyoto Protocol. If “Development” is considered to include economic growth, increased provision of services is also a goal of the mechanism. In some CDM
methodologies this concept is taken further by explicitly acknowledging “suppressed demand” in the calculations.12)
3.2.2 Leakage in VCS REDD+
In the REDD+ theory, market leakage is primarily understood as
mediated through a reduction in supply of commodities (Wunder, 2008). Angelsen (2009, page xii) called it an “apparently
brilliant” idea that with REDD+ “farmers, companies and forest
owners can simply sell forest carbon credits and less cattle, coffee,
cocoa or charcoal”. Unfortunately, every “sell” implies a “buy”
on the other end. While farmers, companies and forest owners
may be happy with the sales of forest carbon credits, consumers can be expected to still prefer buying beef, coffee, cocoa or
charcoal instead of forest carbon credits, creating a problem of
leakage through reduced supply but inelastic demand. At inelastic demand, any local reduction in production is expected to
12) A comprehensive coverage of suppressed demand is not in the scope of this
article. The principle can be understood by example: Assume a project bringing
electricity to a village for the first time using solar energy. The project can account
to some extent “as if ” it was replacing electricity from diesel generators, even if the
population is too poor to afford diesel and never had a generator. Thus the project
can account for the “suppressed demand” for electricity.
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shift part of the production elsewhere, causing emissions at other
locations (Aukland, et al. 2003). While the shift of production
can be expected to replace less than 100% of the reduced output
due to higher production cost at other locations, it is unclear what
this means in terms of carbon leakage. If the shift goes from a
medium carbon density forest to a high carbon density forest,
carbon leakage can be >100%, even if only part of the production is replaced. Additionally, cross-elasticities between beef and
other emission causing products (e.g. pork) make the picture even
more complicated. This effect is understood as mediated through
market prices.

agricultural products) is significantly affected by the project.“

Sathaye & Andrasko’s (2006) meta-analysis of academic publications on leakage in REDD+ finds estimates between 0 – 92% of
market leakage for avoided deforestation, while Gan & McCarl
(2007) come to an estimate of 42 – 95 % based on a model of
timber markets only. Accordingly, Wunder (2008, p. 68 - 69)
states that “we thus do not really know how large REDD leakage is” and that “asking for credible leakage estimates or leakage-proof design recipes is premature. It is helpful to play around
with the numbers, but prediction ranges remain unacceptably
wide”. Murray (2008) argues that international leakage will persist unless a global REDD+ agreement covers all forests globally.
This suggestion is equivalent to changing the system boundaries
in equation (4) to include all non-Annex I countries, and thus, by
definition, reducing leakage to zero.
Currently, the VCS has the following rules on market leakage on
a standard level (VCS, 2012b, page 51):
“4.6.1 […] All leakage shall be accounted for, […]:
1) Market leakage occurs when projects significantly reduce the
production of a commodity causing a change in the supply and
market demand equilibrium that results in a shift of production
elsewhere to make up for the lost supply. [...]”
and (VCS, 2012b, page 52)
“4.6.4 Projects shall account for market leakage where the production of a commodity (e.g. timber, aquacultural products or
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There is an inconsistency between the rules of the standard and
the example methodology, which uses the assumption of zero
market leakage for all non-timber commodities.13) Due to this
temporary inconsistency in the VCS, the example project only
calculates timber market leakage.14) Timber market leakage is
zero, as the timber harvest in the project scenario of continued
forest use/conservation is not lower than in the baseline scenario
of clear cutting over the crediting period.
Once a scientifically sound VCS market leakage module is adopted, the example project will have to estimate the amount of leakage through reduced cattle supply in the market compared to the
baseline scenario and reduce the amount of ERs accordingly. It
could also engage in and account for leakage mitigation activities
such as sustainable intensification of existing pasture to make up
for the reduced land availability for extensive grazing.
3.2.3 Contrasting leakage in the two mechanisms
The main source of market leakage differs between the two
mechanisms. In VCS REDD+ a reduced or changed service output is frequently associated with the implementation of projects.
The VCS REDD+ standard guidelines include requirements to
account for such leakage, but the implementation on methodol13) Curiously, the applicability conditions of the example methodology refer to
leakage mitigation activities in agricultural intensification: “Leakage avoidance
activities shall not include:						
- Agricultural lands that are flooded to increase production (e.g. paddy rice);
- Intensifying livestock production through use of “feed-lots” and/or manure lagoons”								
Still, the methodology does not account for agricultural market leakage and thus
does not set any incentive for project developers to include agricultural leakage mitigation activities in the project.
14) There is a VCS working group on market leakage in REDD+, but their results
were not yet available at the time of writing (VCS, personal communication, Naomi
Swickard AFOLU Manager for VCS, 2013). A new module was introduced shortly
prior to publication of this article, but it does not calculate the forgone agricultural
production based on the predicted agricultural production in the baseline (which
would be prudent), but compares it to the pre-project production (which is zero in
most cases and does not make much sense).
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ogy and project level is incomplete. There is no agreement in the
scientific community on how to account for market leakage in
REDD+.

in the beginning after receiving credits for several years.

In the RE CDM the total grid electricity output in the baseline
scenario can be higher than it would be in a ceteris paribus scenario. Only ERs calculated from a ceteris paribus baseline are “additional ERs” according to the definition in 2.3. Under the framework developed in this article, this is not an issue of leakage,
but of additionality. Further, potential market leakage induced
by locally reduced demand for fossil fuels and mediated through
fossil fuel markets is ignored by the CDM.

3.3 Comparison of Permanence
3.3.1 Literature on Permanence
Dutschke & Angelsen (2008) define permanence indirectly
through the question “How can we make sure that a forest area
saved today will not be destroyed tomorrow?”, making the definition already contingent on the carbon stock being a forest and the
activity generating ERs being the saving of an area. Earlier definitions of permanence also refer to it as an issue specific to land-use
projects (e.g. Chomitz, 2000). Permanence of ERs from projects
not based on land-use is rarely questioned in the literature, and
if so only in side remarks. For example, Dutschke & Angelsen
(2008) argue that the finite nature of fossil fuel reserves will lead
to an eventual release of carbon stocks for projects that reduce
fossil fuel use, assuming that all accessible fossil fuel reserves will
be extracted over time. Most literature on permanence starts from
the premise that it is primarily a liability issue (Marland, Fruit, &
Sedjo, 2001; Dutschke, 2002; Herzog, Caldeira, & Reilly, 2003;
Wong & Dutschke, 2003; Subak, 2003; Kim, McCarl, & Murray,
2008; Palmer & Ohndorf, 2009; Zabel & Engel, 2010). For this
analysis, the general definition of non-permanence from section
1.5 is used, namely that E(CO 2) OB increases above E(CO 2) BL after
ERs have been sold.
In case of the example avoided deforestation project this could
happen if the farmer decides to deforest the same area as planned
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In the case of a windmill project, an increase of the observed
emissions above the baseline emissions could occur if the windmill breaks down and is replaced by diesel generators, which have
a higher emission factor than the national grid average.15)
While theoretically a case of non-permanence could occur for any
ER project type, whether it can be accounted for depends on the
system boundaries and baseline definitions.
3.3.2 Operationalization of Permanence in the CDM
The accounting rules of the RE CDM make a case of non-permanence impossible due to the use of relative baselines.
As electricity production is a multiplying factor in the calculation
of the baseline emissions in equation (6), the baseline emissions
drop to zero when the production of electricity in the project
stops. The RE CDM does not account for changes in the total
amount of electricity in the grid or the grid factor. Thus if an additional diesel generator with a higher emission intensity than the
grid average is switched on due to the reduced electricity supply
from the failed windmill, this is outside the accounting system
boundaries. Thus, in case of technical failure of the windmill,
there are no new ERs issued, but those from previous years cannot be reversed. As a result, ERs from the RE CDM are considered permanent by default.
Figure 2.5 illustrates the ER accounting in case of project failure
in the CDM and shows why impermanence is impossible with
relative baselines, even in case of project failure. As the entire ER
calculation in equation (6) is a multiplication with electricity production as a factor, all values drop to zero once the project stops
producing electricity. The Marrakech Accords (UNFCCC, 2001,
p 70, §3, 10b) mention permanence only in connection with
15) This is a rather constructed scenario. Permanence is a more relevant issue e.g.
for CDM projects that replace coal with natural gas from a limited reserve, as it
may be argued that a scenario of intensive gas use for 10 years and intensive coal use
thereafter is no different in total emissions from a scenario with mixed coal and gas
use for 30 years.
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Afforestation / Reforestation projects. The CDM provides an opportunity for crediting Afforestation / Reforestation projects, but
discriminates ERs from such projects by accounting for them as
“temporary” (Subak, 2003). As a result, Afforestation / Reforestation projects are only marginally utilized under the CDM. ERs
from any not land-use related project type are considered permanent by default. Except for Afforestation / Reforestation, no other
CDM project type uses absolute, carbon stock baselines, not even
those that account for reduced use of unsustainable wood from
forests under deforestation (see Section 3.4).

stock every year. So all ERs issued under this accounting frame
can be reversed at any later point in time and are thus considered
naturally prone to non-permanence. In the example project, the
majority of the credits are issued in the first few years according
to the baseline of rapid deforestation. The baseline emission rate
for all later years is very low, as the carbon stock is already depleted in the baseline scenario. If in any future year the emission
rate is higher than the baseline this is a case of impermanence, for
example if the farmer decides to expand his pastures 15 years after
the project start date.

ER (positive)
CO 2 Emission Rate

E(t) CO2, BL
E(t) CO2, OB

Time

Figure 2.5: ERs in case of project failure under the RE CDM.
3.3.3 Operationalization of Permanence in VCS REDD+
VCS REDD+ accounting makes non-permanence possible: The
absolute baseline emissions are fixed and not affected by the
performance of the project. With the accounting system boundaries including the carbon stock, the maximum baseline emissions
(and thus maximum ERs) are determined by the total amount of
carbon in this stock. At the same time, the yearly project emission rate can vary between zero and the total remaining carbon
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Figure 2.6 illustrates why impermanence is possible with absolute baselines. Under absolute baselines, any emission after the
baseline emissions reached the entire carbon stock causes impermanence. The procedure to handle liability for permanence by
the VCS is a mandatory insurance for all VCS REDD+ projects
(VCS, 2012b). ERs from VCS REDD+ projects are issued as
permanent ERs, but all projects need to set aside a risk-adjusted
share of their total ERs in an insurance buffer account administered by the VCS. In case of non-permanence of a single project,
the buffer account is going to replace the ERs that have already
been issued. Non-Permanence is defined as an instance when
there is “carbon known, or believed, to be lost” (VCS, 2012b). As
ERs are issued based on differences in carbon stocks, a reduction
in the monitored carbon stock below the level that was accounted
for and issued as ERs in a previous period is such an event of loss.
As another measure, baselines are “back-loaded” compared to the
ceteris paribus baseline, shifting some of the baseline emissions
towards the end of the crediting period, to increase the long term
incentive. After the end of the crediting period the VCS considers
the remaining ERs as permanent.16)

16) As VCS REDD+ is not old enough to allow any project to reach the end of
the crediting period, this has not caused any issues so far. Theoretically, this could
become a major problem, as the emissions reversal might still happen after the end of
the crediting period. Further, the insurance premium is not based on historical data
but an ad-hoc risk assessment. Low global carbon prices might pose a systematic risk
under which the failure of many VCS REDD+ projects could potentially overburden
the insurance solution. There is no re-insurance for carbon emissions so far.
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CO 2 Emission Rate

3.4 Of Forests and Oil Fields
ER (positive)
ER (negative)
E(t) CO2, OB
E(t) CO2, BL

Time
Figure 2.6: ERs in case of project failure for VCS REDD+
3.3.4 Contrasting permanence in the two mechanisms
The RE CDM accounting procedures make permanence a
non-question. The exclusion of carbon stocks from the system
boundaries avoids setting a maximum to the baseline emissions.
Combined with relative baselines, this makes negative ERs impossible. The economic incentives make a case of impermanence
unlikely in the RE CDM.
In VCS REDD+ permanence is a significant question, as absolute baselines with a maximum of baseline emissions equal to the
initial carbon stock make negative ERs possible. Moreover and
in contrast to RE CDM projects, activities under VCS REDD+
often have no other revenue than the sales of ERs but continuous
opportunity costs, making it potentially financially attractive to
increase deforestation after being paid out for issued ERs.

It may be argued that the difference in accounting is due to physical differences between forest carbon stocks and fossil carbon
stocks. Nevertheless, there are two historical cases showing that
the different problems encountered CDM and REDD+ accounting result from the accounting specifications only and are independent of the type of carbon.
3.4.1 The Curious Case of Non-Renewable Biomass –
CDM Accounting for Forest Carbon
The CDM knows the concept of “non-renewable biomass” (UNFCCC, 2005). Non-renewable biomass can for example be wood
originating from a forest under ongoing deforestation or illegally
produced charcoal from a forest in a state of increasing degradation. The factor of non-renewable biomass is applied in a similar
way as the grid emission factor introduced in equation (6): It is
determined once at the beginning of the project, often standardized on a national level, and then applied in the ER calculations
as factor in a multiplication. Non-renewable biomass is used in
four small-scale methodologies (AMS-I.E, AMS-II.G, AMS-III.
AV and AMS-III.BG), and so far only applied in less than 1% of
the registered CDM projects (UNEP RISOE, 2012). Nevertheless, non renewable biomass is expected to become more important over the next years, as new CDM projects are only allowed
to sell credits into the EU-ETS if they are implemented in Least
Developed Countries after 2012 or implemented under a Program
of Activities (PoA) registered by 2012 (EU,2013). The non-renewable biomass methodologies are used in 15% of all registered
PoAs at the time of writing. Additionally, the energy mix in least
developed countries has approximately a 70% biomass component
according to IEA data. Thus the largest CDM potential eligible
for the EU-ETS can be expected in projects based on reduction of
emissions from non-renewable biomass. This is curious given that
the EU explicitly excluded all REDD+ projects from the EU-ETS
for the same time period.
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Thus the EU policy already today makes a difference between
accounting for carbon stocks and accounting for service provision
– but does apparently not differentiate between the physical form
of carbon in forest biomass or fossil fuel.

governments.

The accounting methodologies using non renewable biomass
do not require monitoring of the carbon stock (forest) and use a
relative baseline dependent on service provision. Under the CDM,
ERs from such projects are considered permanent by default and
do not account for market leakage.
3.4.2 Keeping the Oil in the Ground in Yasunii - REDD+
Accounting for Fossil Carbon
The Yasunii ITT initiative by the Ecuadorian government is an
attempt to account for carbon stock preservation in fossil fuels (Correa, 2007). The Yasunii ITT National Park is a global
biodiversity hotspot, hosts uncontacted indigenous tribes and lies
above a large oil field. The Ecuadorian government proposed to
avoid drilling the oil if paid by developed country governments
half of the value of the oil in return for the avoided CO 2 emissions.
The initiative sparked a discussion around avoiding emissions
by not extracting known fossil fuel reserves. Two of the biggest
issues that came up in the discussion are permanence and market
leakage (Finer, Moncel, & Jenkins, 2009). The main concern
with permanence is the ability of the Ecuadorian Government to
guarantee a no-drilling policy in the long term in light of a history of coup d’états in Ecuador. The main issue with leakage is the
inelasticity of offer in global oil markets. It is expected that other
oil producers would increase their rate of production by the same
amount that is reduced in Ecuador. Wunder (2008) indicates
that market leakage can be expected at 100% for the emissions
from the oil left in the ground in Yasunii. Potential approaches to
address permanence and leakage in this case have been discussed
elsewhere (Larrea & Warnars, 2009, Finer et al., 2009, Rosendal
et al., 2008). For this article, the key message is that leakage and
permanence are serious issues for the initiative, and the lack of
a good answer to them can inhibit the buy-in of potential donor
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Yasunii ITT uses an absolute baseline and accounts for carbon
stock changes in an oil field. Under these conditions, emission
reductions from fossil fuels are not accepted as permanent and
market leakage is considered problematic.
Since the time of writing, the Yasunii ITT initiative failed to raise
enough funds partially due to the problems discussed above and
first drilling concessions were issued.
3.4.3 Accounting Rules and Physical Systems
As shown above, the problems encountered in carbon accounting for emission reductions depend less on the physical system
underlying the emissions, but rather on the choices made in
the accounting rules. When using relative baselines to quantify
emissions from avoided deforestation as done in non-renewable
biomass projects under the CDM, leakage and permanence are
considered non-issues. On the other hand, when using an absolute baseline to quantify the emission reductions from the fossil
fuels as done in the Yasunii ITT initiative, the two issues become
paramount and made an important contribution to the failure of
a promising initiative that made global headlines.
In the next section, I will proceed to develop an accounting
framework that utilizes both relative and absolute baselines on
different scales for both types of emissions in order to approach a
more consistent carbon accounting process.

4. Towards a Unified Carbon
Accounting System
Now that I have shown that there is no physical reason for the
use of absolute baselines for forests and relative baselines for
fossil fuels, this section draws together the findings and develops
a policy proposal from them. As outlined above, there are three
major points of inconsistency between VCS REDD+ and RE
CDM accounting, which are all rooted in the choice of absolute
or relative baselines.
1) Market leakage through decreased production is a problem
in REDD+, but not in CDM. The Marrakech Accords do not
allow any CDM project to reduce the supply of goods or services
compared to the baseline scenario. The VCS REDD+ guidelines
do not include a comparable rule and some pilot VCS REDD+
projects reduce the supply of goods compared to the baseline.
2) The requirement for same service provision in the RE CDM
changes the meaning of “additionality”. The RE CDM cannot
distinguish between an increase in service provision at constant
emissions and a decrease in emission at constant service provision
compared to a ceteris paribus scenario without CDM payments.
This is not an issue in VCS REDD+. On the other hand, it is
technically extremely difficult to determine correct ceteris paribus absolute baselines under the VCS REDD+.
3) The use of absolute baselines in VCS REDD+ leads to considerations of permanence. Permanence concerns are absent in
RE CDM as relative baselines are used and the carbon stock is
outside the accounting system boundaries. There is no accounting
under the CDM if emissions increase above ceteris paribus levels.
So there are two distinct carbon accounting approaches, each
with its own merits and pitfalls. The following paragraphs suggest
a unified approach based on the best of both worlds.

4.1 A Unified Carbon Accounting System for
Nested Carbon Accounting
As demonstrated, the key difference between the two mechanisms
is in the use of relative or absolute baselines. As a natural next
step, I suggest to combine relative and absolute baselines in a
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nested accounting system to take advantage of the merits of both
mechanisms.
I see the main advantage of relative baselines in their simplicity
for the individual project. There are no concerns with market
leakage or permanence and there is a uniform way to calculate
baselines between different projects, making project level accounting efficiently possible. Nevertheless, relative baselines are
weak in accounting for the bigger picture: They do not guarantee
a total decrease in national or global emissions. On the other
hand, while suffering from technical problems for individual projects as shown above, absolute baselines can solve this issue and
correctly account for total emissions.
Accordingly, it might be advisable to use relative baselines on a
project level, nested into jurisdictional programs using absolute
baselines.
A very similar system is already in place between Annex I countries under the Joint Implementation (JI) mechanism. The only
difference between this proposal and an extension of Annex I
reporting and JI to non-Annex I parties lies in the inclusion of
land-use change and the “no lose” character of targets and an
inclusion of REDD+ as a project type with relative baselines. A
no lose target has no implications if it is not achieved, but results
in the possibility to sell ERs if emissions are below the target. No
lose targets have been suggested as national baselines for both
REDD+ and scaled-up CDM respectively Nationally Appropriate
Mitigation Actions (NAMAs) (Anatayakul, Berndes, & Fenhann,
2008; Mollicone et al., 2007) as a compromise between Annex
I and Non-Annex I countries, as they do not inhibit economic
growth, but make sure Annex I countries only pay if emission
reductions are achieved beyond an absolute threshold. With a
no lose target, the problematic claim of knowing the “ceteris
paribus” baseline emissions can thus be replaced by a negotiated
“right to emit” baseline. Thus they do not suffer from the illusion
of certainty inherent in modeled, absolute baselines claiming to
realistically ref lect a ceteris paribus state. Benthem & Kerr (2013)
argue that absolute jurisdictional baselines are more efficient and
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provide offsets at lower costs than alternative approaches to solve
the issue of inf lated project level baselines such as discounting or
very conservative project baselines in REDD+.

initiatives, most discussions remain unspecific in regard to the
actual generation of certified ERs for nested project level REDD+
(e.g. Angelsen et al. 2008; Wertz-Kanounnikoff & Angelsen,
2009; Pedroni et al., 2010; Hyes & Persha, 2010). The truly
innovative part of this proposal is to extend CDM / JI project
accounting with relative baselines to REDD+ to nest individual
projects into jurisdictional initiatives. Individual projects thus
would need to go through a project additionality test similar to
the RE CDM project additionality test today and can gain ERs
according to a relative baseline linked to production levels and
average product emissions similar to the grid emission factor. See
section 4.2 for an example how that could work for a REDD+
project. The total ERs can then be determined at a jurisdictional
level against an absolute baseline, but distributed to individual
projects via relative baselines. With two fundamentally different
accounting approaches on a jurisdictional level and at project
level, inconsistencies in the nesting process can arise. There are
two possible cases:

Once set, a no lose target combined with national monitoring of
forest carbon stocks respectively fossil fuel import and extraction
can provide a fairly reliable number for the total amount of ERs
that can be issued in a jurisdiction, using equation (8) with the
baseline set at the negotiated no lose target.
t

ER(t 1)= ∫ t0 ∑ Jurisdiction (E(t) CO2,BL -E(t) CO2,OB)- E(t) leakage dt

(8)

Even when using jurisdictional level absolute baselines, leakage
through reduced supply remains an issue. Nevertheless, leakage
monitoring and quantification is easier than at project level: If
there are only a limited number of internationally traded commodities associated with significant emissions (e.g. beef, palm
oil, steel or cement), the national import/export data of those
commodities is sufficient to monitor market leakage. But, and
this goes beyond the existing proposals, in order to quantify
leakage the baseline scenario needs to include a quantification of
the national import/export of such commodities. Furthermore an
elasticity factor is required, which can be conservatively chosen at
100%.
Under the Unified Carbon Accounting System, permanence
would remain an issue between nations. It cannot be excluded
that the national emissions in a non-Annex I country increase
above the no-lose target after having received ERs in the past.
Thus the various approaches developed to handle liability remain
important between national governments. Unifying the accounting between REDD+ and CDM would thus introduce the issue
of permanence to accounting for emission reductions from fossil
fuels, too. One of the various solutions to account for non-permanence discussed for land-use projects previously would be
required to solve the issue between nations for all emission reductions, be it insurance buffers, temporary certificates or others.
While there has been a significant amount of discussion regarding
the “nesting” of individual projects into jurisdictional REDD+
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Case 1: The sum of all project level ERs is lower than the jurisdictional ERs.
In this case it can be assumed that a jurisdictional change (e.g.
tenure reform, feed-in tariff, etc.) had an impact on the emission
rate beyond individual certified project activities. In this case all
projects could receive the full amount of ERs as calculated based
on their relative baselines. Those ERs would be then subtracted
from the jurisdictional ERs, based on national level data and absolute baselines, and the remainder could go to the jurisdictional
government.
Case 2: The sum of all project level ERs is higher than the jurisdictional ERs.
This case is similar to the potential non-additionality of ERs resulting from relative baselines encountered by the CDM today, as
projects with relative baselines can issue ERs when they increase
production without reducing total emissions. This case would
be solved through a limit on the total amount of ERs within a
jurisdiction. In this case the project level ERs would have to be
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discounted to match the level of jurisdictional ERs in their sum
and no ERs would go to the government. This approach ensures
that a jurisdiction cannot receive more ERs than the difference
between its actual emissions and its no-lose target, no matter how
many projects are certified in it.

Angelsen (2009). On a project level, pure conservation without
generating the same level of products or services as the baseline
could no longer generate ERs. This idea resembles a leakage
mitigation approach called “neutralization” by Wunder (2008).
Wunder’s analysis considers neutralization as one potential way
to deal with primary leakage but does not consider the effect of
neutralization on market leakage. He thus abandons the idea in
the discussion as “more expensive” than other approaches without
further justification. The incentive for pure conservation remains
on a jurisdictional level only. Such a rule would make REDD+
projects more compatible with the Marrakech Accords, Annex I,
Paragraph 47.

In both cases the environmental integrity of the system remains
unaffected. The details of the project additionality test would no
longer be a major worry under the Unified Carbon Accounting
System, as they do not affect the global amount of ERs any more
but only the distribution between ERs issued to the government
and ERs issued directly to project owners. The Unified Carbon
Accounting System would thus allow continuing the project-based
mechanisms and build on the existing structures and expertise of
the market, while fixing the major issue of environmental integrity via a jurisdictional accounting system.17)

4.2 The Unified Carbon Accounting System applied to REDD+
On a national level, the Unified Carbon Accounting System suggests a similar approach as it is currently promoted in the REDD+
discourse. Nevertheless, in contrast to the current approach,
the Unified Carbon Accounting System would allow individual
REDD+ projects, using an accounting approach based on low
carbon service provision as practiced under the RE CDM.18) In
contrast to VCS REDD+ projects today, the accounting would
primarily be based on intensification of existing productive areas
or new utilization of degraded lands. Such projects would need
to proof an increase in production with lower emission intensity
than the jurisdictional average. This would imply that farmers get
carbon credits for intensifying their production systems to sell the
same amount of cattle, coffee, cocoa or charcoal while protecting
their forests, contrasting the idea of “selling less” introduced by
17)  Non-CO 2 greenhouse gases will make this approach more complicated and
their analysis is left to further research.
18) REDD+ projects that apply the second “D” (Degradation) or the “+” (Increase
in Carbon Stocks) are more complex and need a separate analysis.
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In our example VCS REDD+ project, such a relative baseline
could be in emissions per kg of beef produced. While it is beyond
the scope of this article to develop a full methodology for such
projects, it could follow the form of Equation (9), analogous to
the RE CDM example methodology introduced in equation (6) &
Annex 1-I.
t

ER(t 1)= ∫ t0 ∑ Project (BG PJ,y*EFbeef) Ep(t) dt			

(9)

Where:		
BG PJ,y =
		
		
		

Quantity of net additional beef generation that
is produced and sold into the market as a result
of the implementation of the REDD+ project
activity in year y (t beef/year).19)

EFbeef =
		
		

Combined marginal CO 2 emission factor for
beef produced in the jurisdiction, including
emissions from land use change.

Ep(t)
=
		

Project Emissions at time t, including emissions
from land use change.

19) The wording is very close to the original CDM methodology - in the example RE CDM project of a green field wind farm, net additional generation = total
additional generation. Nevertheless, for other projects such as capacity upgrades of
efficiency improvements, net is less than total. Analogous, for the new utilization of
degraded areas, net = total, but for intensification of extensive production systems
only the net increase would be relevant for the emission reductions.
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Such a form would make REDD+ projects very similar and
comparable to RE CDM projects, with EFbeef instead of EFgrid and
BG PJ,y instead of EG PJ,y of equation (6). With this accounting rule,
the project would thus get ERs for a sustainable increase in beef
productivity above the nationally determined average productivity. The amount of ERs would be calculated by the difference
between the producers’ actual emissions per kg of beef and a
national factor, such as the average emissions. This approach is
similar to the suggestion for an “output-based intensity approach
for crediting greenhouse gas mitigation in agriculture”, which was
envisioned by Murray et al. (2011) for sectors outside a strict cap.

subject to discounting if national ERs are less than the sum of all
individual project ERs. 21)

Despite the apparently large conceptual change, such an accounting approach would not cause a major disruption in the implementation of many of the ongoing VCS REDD+ pilot activities.
The implementation of pilot VCS REDD+ projects frequently
includes components of increased agricultural productivity already today. The current VCS methodologies could incorporate
such an approach by introducing the conservative assumption of
100% market leakage for the reduced production of agricultural
commodities. 20)

4.3 The Unified Carbon Accounting System applied to CDM
Using the Unified Carbon Accounting System for fossil fuel based
emissions would require a jurisdiction wide emission inventory
based on fossil fuel import and extraction similar to the Kyoto
emission inventories for Annex I countries combined with jurisdictional no lose targets. CDM projects within the jurisdiction
could continue to issue ERs as today, but the total amount for all
projects would be limited by the jurisdictional reductions compared to an absolute baseline. Individual project ERs would be
20) The Unified Carbon Accounting System would only require the proof of low
carbon production on a project level. Thus most of the current VCS methodology
would no longer be necessary for individual projects, but only for jurisdictions. For
regions without a jurisdictional baseline e.g. due to weak governance, the current
VCS approach of local, absolute baselines could be kept but amended with a 100%
leakage assumption. This would be equivalent to accounting for a very small jurisdiction covering only the project area.
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4.4 Summary & Outlook
I used a general and universally applicable framework for carbon
accounting to compare the current accounting procedures of VCS
REDD+ projects and renewable energies under the RE CDM. I
identify the use of absolute baselines in VCS REDD+ in contrast
to the relative baselines used under the RE CDM as main source
of the differences. In particular, the problems of leakage and
permanence only occur in a system based on absolute baselines.
On the other hand, relative baselines cannot distinguish between
an additional increase in economic development at constant
emissions and an additional reduction of emissions at constant
economic development.
I thus suggest a Unified Carbon Accounting System to combine
elements of both baseline types. Under this system, individual
projects using relative baselines would be nested into jurisdictional programs with absolute baselines. With such integration
environmental integrity is no longer impacted by the technical
details of project level accounting due to the absolute, negotiated
limit at jurisdictional level. With the Unified Carbon Accounting System, leakage and permanence are no longer of concern for
individual projects, but need to be addressed on a jurisdictional
level. The problematic concept of additionality would be of lesser
importance, as it is replaced by negotiated baselines between
jurisdictions.
For REDD+ this approach implies a stronger role for individual
21) The Unified Carbon Accounting System applied to fossil fuels could become
a building stone for a bridge between the CDM and NAMAs. The integration of
RE CDM projects with relative baselines into jurisdictional carbon accounting with
absolute baselines is already quite advanced, as Programs of Activities can provide
accounting for a large number of individual projects with relative baselines, which
is considered an approach towards integration with NAMAs with absolute baselines
(Puhl et al, 2011). A similar approach is implemented e.g. in the registered CDM PoA
number 6222 which aims to use the CDM to provide finance beyond a target set by
national renewable energy policy.
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projects in addressing the services provided by activities driving
deforestation. Inclusion of drivers of deforestation, in particular
agriculture, into the UNFCCC REDD+ mechanism has been
frequently demanded in the international climate negotiations by
various stakeholders including the United States, the Environmental Integrity Group and several international conservation
NGOs (Olander, Galik, & Kissinger, 2012). Assuming UNFCCC
REDD+ is to remain a mechanism based on payments for ERs,
a very effective way to include agriculture in the mechanism is
to give it a prominent role in the accounting system for ERs, as
I suggest. But I need to add a caveat here: To become generally
applicable, the Unified Carbon Accounting System needs a strong
definition of what exactly constitutes a “service provision” by deforestation on the methodology level. A standard for REDD+ can
provide guidance on what should be included as “service provision” in general, but the materiality of each service will need to be
assessed on a case-by-case basis in the individual methodologies.
While this analysis was done for the very simple case of cattle
driven deforestation, leakage mitigation activities in existing VCS
REDD+ projects can give a hint on what constitutes the service
provision in other project types. In cases of palm oil driven deforestation, the production of the same amount of palm oil could
for example be achieved through smallholder intensification or
land swaps, as envisioned by the Indonesian REDD+ Task Force
(2012).

compared to the baseline scenario. The approach of the Unified
Carbon Accounting System is similar, but demands a stronger
quantification and monitoring of those factors than the “Carbon,
Community and Biodiversity Standards” and directly links the
project proponents’ income to the quantified livelihood results,
but this is only an initial idea and needs critical evaluation.

But the case is less straightforward for deforestation driven by
subsistence smallholders. “Service provision” of deforestation
could be understood primarily through livelihoods and can
include local food or charcoal production . In those projects, including an assumption of 100% leakage and explicit crediting for
leakage mitigation activities would imply to make livelihoods an
essential factor in carbon accounting and thus subject to strong
monitoring, reporting and verification. Including those factors
in project level accounting might help to mitigate some of the
expected conf licts between national REDD+ strategies and local
development. Many of the existing pilot projects under the VCS
use the “Climate, Community and Biodiversity Standards”, which
require a qualitatively assessed non-negative impact on livelihoods
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For the CDM, the proposed accounting system primarily has implications between jurisdictions: The total number of ERs issued
to a jurisdiction would need to be determined by the absolute
level of emissions. This implies a need for emission inventories for
fossil fuels extraction and imports similar to inventories of Annex
I countries and a definition of absolute targets. Additionally, in
order to quantify leakage, import/export statistics for the most
relevant, carbon intensive goods are required.
In the further future, it will also be necessary to reduce demand
for carbon intensive goods and services and not only increase
low carbon production. Under the Unified Carbon Accounting
System it would become less problematic to credit project types
that are more difficult to quantify, such as changed consumer
behavior. “Service provision” could for example be defined as
“feeding of school children” instead of “production of beef ” or
“construction of housing” instead of “production of steel and
cement” without losing environmental integrity in the complex
technical details associated with accounting for such project
types. This way, reduced demand for products linked to emissions
could be included in project level carbon accounting, opening it
up for private sector activity, but this is only another initial idea,
also requiring further analysis.
Greenhouse gas accounting is a crucial element for distinguishing
between hot air disguised as action and quantifiable moves to
prevent climate change. Despite the current dire situation of the
carbon markets, research in carbon accounting remains relevant
for any results based emission reduction scheme. The concepts
outlined above could be applied in the UNFCCC process, but
also in the voluntary carbon market or bilateral carbon reduction
arrangements. Streamlining the rules for carbon accounting glob-
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ally is crucial to achieve the highest possible reductions with the
limited amounts of climate finance available. Any emission reduction mechanism can only be as efficient as its accounting rules.
Unfortunately we are just beginning to understand the complexities of greenhouse gas accounting. A lot of further research is
required to include more complex issues such as other greenhouse
gases, other industrial sectors, multi-product production systems
and reduced demand in the accounting system.

applied general equilibrium analysis for Germany and India. Environmental and Resource
Economics, 24(1), 49–76.
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CHAPTER THREE
How (not) to Pay – The Impact of
Conditionality Design on the CostEffectiveness of Payments for
Avoided Deforestation
This chapter was written jointly with Stefanie Engel and Eliana Pareja

Abstract
Payments for Ecosystem Services (PES) can use many design
features. We investigate the impact of payment conditionality,
contract period and payment volatility for PES on deforestation
and production experimentally. We designed a simulation game to
ref lect the decisions of a cattle rancher in Brazil. The player can
expand extensive pasture by deforestation or intensify existing
pasture. The model includes both a land and a capital constraint.
We applied the game in a framed lab-in-the-field experiment in
Tocantins, Brazil. Stock-based payments lead to slow, but steady
deforestation, while emission-based payments suppressed deforestation more strongly. But stock-based payments increased
cattle production while emission-based payments had no effect on
production. Thus, depending on the level of leakage, either type
of conditionality can be more cost-effective in reducing global
emissions. Contracts with limited periods lead to strong deforestation after the end of the payment period. Payment volatility
had no significant effect.
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1. Introduction
Tropical deforestation and forest degradation are responsible for
12% of the annual global greenhouse gas emissions (IPCC, 2014).
Additionally, two-thirds of all known terrestrial species live in
tropical forests (Pimm, MEA, 2003), making their protection
essential for the conservation of biodiversity. Reducing emissions from deforestation is the main goal of the United Nations
Framework Convention on Climate Change mechanism “REDD+”.1)REDD+ is based on commitments by buyer governments to
pay seller governments based on monitored forest carbon stocks.
The funding from such government-to-government payments
could inter alia be used to finance payments to landholders. Payments for ecosystem services (PES) to landholders are considered
an important tool for halting tropical deforestation (e.g. Engel
et al., 2008; Jack et al., 2008; Wunder, 2009; Angelsen, 2010;
Farley & Costanza, 2010; Pattanayak et al., 2010; Palmer, 2011;
Wünscher & Engel, 2012). They are particularly valued for their
alleged cost-effectiveness (Ferraro and Kiss, 2002; Ferraro and
Simpson, 2002). Critics have questioned the actual environmental
effectiveness and cost-effectiveness of PES under real world conditions, in particular when the drivers of ecosystem service loss
are complex (e.g. Muradian et al., 2010; Gómez-Baggethun et al.,
2010; Norgaard, 2010; Kosoy & Corbera, 2010). While it is clear
that PES is not a panacea for solving all environmental problems,
deficiencies of current PES programs are also to a significant
degree a result of poor program design (Wünscher et al., 2008;
Pattanayak et al., 2010). PES design is a complex problem with
many aspects, requiring a context sensitive analysis. This article
contributes to several of the open issues, in particular the impact
of different specifications of payment conditionality.
Additionality in the context of PES means avoiding “paying for
adoption of practices that would have been adopted anyway”
(Engel et al., 2008, 670; similar definitions in Wunder, 2005,
Ferraro, & Pattanayak 2006, Ferraro, 2008). To avoid non-additional payments, spatial targeting of payments has been suggested
1) The official UNFCCC name of the mechanism in its full length and beauty
is: “Reducing emissions from deforestation and forest degradation and the role of
conservation, sustainable management of forests and enhancement of forest carbon
stocks in developing countries”

(Wünscher et al., 2008 and 2012) and testing protocols similar to
those developed for the Clean Development Mechanism are used
in the voluntary carbon market (VCS, 2012a). For this analysis,
we use a scenario where the VCS additionality criteria are fulfilled and do not further consider the issue.
There is an ongoing debate in the literature on how to set the
payment level under PES for avoided deforestation. In principle,
the payment could be set anywhere between the cost incurred by
the landowner to provide the service and the social value of the
service (Engel et al. 2008). Identification of the optimal payment
level is a complex problem particularly when opportunity costs
change over time, land use decisions are irreversible, future prices
uncertain (Schatzki, 2003; MacKenzie et al., 2012; Engel et al.
2013) and markets imperfect (Muller and Albers, 2004; Groom &
Palmer, 2010). Benítez et al. (2006) and Dutschke and Angelsen
(2008) suggested linking the PES payment level to an agricultural
commodity price index in order to address changes in opportunity costs over time. Engel et al. (2013) found that indexed
payments worked only marginally better than a payment indexed
to carbon prices, while Veronesi et al. (2012) find a strong effect
of indexed payments when opportunity costs rise dramatically.
While we tested different approaches of setting the payment level,
we did not find any significant differences.
Leakage, sometimes also referred to as “spill-over effects”, is a
general term covering all types of off-side effects of conservation
projects. While the causes of leakage can be manifold (see Wunder 2008 for an overview), this thesis focuses on market leakage.
Market leakage refers to the effect that if conservation reduces
agricultural production while not affecting demand, it can be
expected to raise agricultural prices and thus potentially increase
the expansion of agricultural production elsewhere (Auckland et
al. 2003). Different assumptions on international market leakage
are used to interpret the cost-effectiveness of the payments we test
and have a strong impact on our results.
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Despite the plurality of concepts and definitions of what a PES
is exactly, conditionality is generally accepted as a core feature of
PES schemes (Matzdorf et al. 2013, Sattler & Matzdorf, 2013).
While Wunder (2005) made conditionality central to his often
cited definition of PES by making the payment contingent on the
condition “if and only if the ES provider secures ES provision”
(ibid, page 3), Wunder (2007) also notes that conditionality is a
rare feature in real-world PES-like schemes. A PES scheme can
either be conditional on inputs (e.g. trees planted) or outputs (e.g.
carbon sequestered) (Wunder, 2005; Baylis et al., 2008, Sattler & Matzdorf, 2013) and a few recent studies have compared
input-based and output-based PES (Derissen and Quaas, 2013;
Andeltová et al. 2014). We only investigate different variations
of output-based payments. The impact of different conditionality types in PES contracts on land use decisions is the research
question investigated in this article, finding a strong impact of
the choice of the conditionality type on both local deforestation
and leakage.

the design of such a local PES scheme for medium sized cattle
enterprises, which are constrained in capital availability and can
sustainably intensify their production, but where intensification
has a lower return on investment than deforestation for extensive
grazing. Data supplied by the local branch of the Banco di Amazonia confirmed these properties for the majority of the ranchers. This bank finances the majority of cattle production in the
region. This setting might inf luence the cost of conservation and
is found for many frontier cattle ranchers in the tropics (Kaimowitz & Angelsen, 2008). Note that very large cattle producers may
have better access to capital through international markets and
our results thus need to be interpreted cautiously for those.

Our investigation focuses on the case payment for avoided
cattle driven deforestation in Central Brazil. Brazil has been the
country with the largest national forest loss globally over the last
few decades (FAO, 2006). Commercial agriculture is the single
largest driver of deforestation globally and is responsible for 68%
of all deforestation in Latin America (Hosonuma et al., 2012). In
Brazil, 74% of newly deforested land is used for extensive cattle
ranching (Wassenaar et al., 2007). These facts combined make
commercial cattle ranching in Brazil one of the most important causes of deforestation globally. Our study region, Brazil’s
Cerrado region, is the biome with the highest deforestation rate in
the country (Soares-Filho et al., 2014). In contrast to many other
locations relevant for REDD+, in most of the Cerrado region of
Brazil the property rights are well defined, law enforcement is
fairly well established, most deforestation is legally licensed and
there are few land title conf licts (Soares-Filho et al., 2014). Under
these conditions, which are only fulfilled in a small part of the
locations relevant for REDD+, a local PES scheme to individual landholders is a promising tool for forest conservation and
politically discussed as such in Brazil’s Cerrado. We investigate
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Angelsen and Wertz-Kanounnikoff (2008) discuss input-based
payment schemes for REDD+ and contrast them to emission-based and stock-based schemes, which are both output based.
They define the two types of output-based payments that are the
focus of our study; (page 140): “The emissions-based (or f lowbased) approach, measures and credits only the net changes in
carbon stocks over time (emissions). The stock-based approach
makes payments a function of the total carbon stock in the forest
at any one time (i.e., absolute levels, and not changes).” They
argue that while stock-based approaches might be simpler and
avoid some of the issues associated with emission-based approaches, emission-based approaches are still favorable, in particular
because they are more compatible with the existing Kyoto protocol structure. Their article is only concerned with nation-to-nation payments. Busch et al. (2009) qualitatively compare several
conditionality types theoretically for nation-to-nation payments,
including stock-based and emission-based payments, but focus
their analysis on the difference in incentives for countries depending on the magnitude of historical deforestation rates. Fearnside
(2012) conceptually discusses the two approaches for sub-national
forest carbon accounting, using the term “f low based” instead of
“emission-based”, arguing that stock-based payments are more
suitable for the protection of the Amazon under the assumptions
that emission-based payments are necessarily using a historical
baseline and funding is required for remote areas with historically
low deforestation rates.
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Kaczan et al. (2013) apply a stated choice experiment to investigate farmer preferences for design features of a hypothetical PES
scheme for agroforestry in Tanzania, inter alia three different
degrees of conditionality. The main threat to ecosystem services
in the area is due to land clearing for smallholder agriculture
and timber harvesting. While not fully specifying the ecosystem
service addressed and mentioning several services, biodiversity
seems to be in the focus of the proposed scheme. The payment is
envisioned for the installment and maintenance of improved agroforestry systems. The conditionality variations investigated by
Kaczan et al. (2013) varied primarily in monitoring enforcement
intensity, but all payment types offered stop completely in case
the contract was found to be violated. The main variable of interest was the likelihood of farmer participation in the PES scheme.
They find that preferences for conditionality are non-linear, with
highest preference for the medium level of enforcement, which
also corresponded to input-based payment in their setup.
Honey-Roses et al. (2009) investigate a similar research question,
namely “how to meet the conditionality feature of a PES program” (ibid, page 112). They use the Monarch Butterf ly Conservation Fund (MBCF) PES scheme in Mexico as case study,
which is motivated by biodiversity protection. The main driver
of ecosystem service loss in the MBCF was identified as forest
degradation through illegal logging. Honey-Roses et al. (2009) report on the specifications of the PES conditionality in the MBCF
and compare the precision of different sources of monitoring data
(remote sensing, aerial photography and field sampling). The
payment scheme implemented in the MBCF is a fixed per hectare
payment, but all annual payments are cancelled if the monitored
annual degradation rate is over a threshold. Honey-Roses et al.
find that the setting of this threshold should be based on specific
policy objectives, as the marginal value of ecosystem services is
difficult to quantify and that limited control of the legal landowners over illegal loggers on their land debilitates the success of
the PES scheme.
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Our case study is a structurally different from the both the Tanzanian case investigated by Kaczan et al. (2009) and the Mexican case investigated by Honey-Roses et al. (2013), as the loss of
ecosystem services in Tocantins is driven by deforestation for the
permanent and legal expansion of export-oriented pasture, not
illegal logging or small-holder agriculture, and the ecosystem service addressed by the payment scheme is carbon, not biodiversity.
As the only service we consider is carbon it is unnecessary to use
proxies (Engel et al. 2008, Zabel & Roe, 2009; Tacconi, 2012)
or input-based payments as discussed e.g. by Derissen and Quaas
(2013) for situations on environmental uncertainty and favored
by the Tanzanian farmers investigated by Kaczan et al. (2013).
While such approaches can make sense for most other ecosystem
services, carbon is an exception as it can be measured at comparably low cost and high precision and its global societal value does
not depend on local circumstances (Kroeger, 2013). In contrast to
the cases investigated by Honey-Roses et al. (2009) and Kaczan
et al. (2013), large-scale deforestation is much easier to detect
remotely than degradation or small holder tree cutting, allowing for quasi-perfect monitoring. Therefore the design problems
and policy relevant questions we investigate here differ from this
previous research.
The most important problems for payments for avoided deforestation in Tocantins were identified as leakage and interactions of
the payments with the capital constraints. Furthermore, our study
differs methodologically from both Honey Roses et al. (2009)
and Kaczan et al. (2013). Honey Roses et al. (2009) non-experimentally investigate the MBCF, which has been running since
the year 2000 while we experimentally investigate a not-yet-existing PES scheme. Kaczan et al. (2009) also use an experiment
to investigate a not-yet-existing PES scheme, but theirs is a stated
choice experiment to identify the willingness to participate in the
scheme, while we use a framed-lab-in-the-field experiment in a
simulation game to investigate the resulting land use decisions.
Our research objective differs from the work by Angelsen and
Wertz-Kanounnikoff (2008) as we investigate the effect of stockbased and emission-based payments for individual landholders,
not between nations. Note that a nation receiving an emis-
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2. Methods
sion-based payment could still use part of the revenue to install
either a stock-based or an emission-based PES scheme for landowners in the country, thus the two issues are separate questions.
The impact of using different conditionality types such as stockbased or emission-based payments in a PES scheme for individual
landowners to our knowledge not been investigated previously for
the case of cattle driven deforestation in the literature so far.

We used a framed-lab-in-the-field experiment within a computer simulation game to investigate the impact of stock-based and
emission-based payments on land use decisions. We designed
the simulation game to model the decision situation of a frontier
cattle ranch in Brazil based on a series of expert interviews with
local ranchers, employees of the state government secretary for the
environment, the secretary for agriculture and ranching, representatives of governmental banks and academics from local agricultural universities (see Annex 2-I). In the experiment, we randomly
introduced five different PES contracts and a control treatment
without PES to compare the land use decisions.

2.1 Methodological Theory
Experiments in economics can have many goals (Roth, 1986). A
common one in economics is to test whether behavior violates
theoretical predictions based on rational agent assumptions.
Another goal, which is the aim of our experiment, is to provide
policy advise or “whispering into the ears of princes” as Roth puts
it. Natural field experiments and random control trials aiming
at policy advice (Duf lo & Kremer, 2005) often do not consider
a theoretical rational agent model, but just test treatment effects
(Card, DellaVigna & Malmendier, 2011). Random control trials
and natural field experiments are valued for incorporating full
real world complexity. But such field experiments are logistically
not feasible for high-stake, politically delicate and multi-decade
problems such as payments for avoided deforestation.
The use of a simulation game is an attempt to avoid the issue
identified by Reiss (2008, page 90) that “If the aim of experimental economics is to gather evidence for policy hypotheses, then
why is its methodology (by and large) one of theory testing?”.
In their review book on “Rethinking the Rules” of experimental
economics, Bardsley et al. (2010) also discuss the methodological
need for different experimental design strategies for policy advise.
They find that most of the current praxis accepted by most of
(laboratory) experimental economics is reasonable for theory
testing, but not well justified for policy advice. They conclude
that an experiment aiming at policy advice instead of theory
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testing should include a representation of the relevant context.
Their argument uses the term “artificialities of omission” (ibid,
page 218). Such artificialities of omission are created in the lab by
abstracting from a piece of context that is relevant for the decision
under investigation. They also “detect a dubious tendency within
experimental economics to assume that principles of good practice
in modeling can be transferred straightforwardly to experimental
design” (ibid, page 241) and that design strategies that require a
“less model-constrained” approach are “currently underutilized”
(ibid, page 242). This line of argument is also picked up by List
(2007, page 30), who states that “the laboratory environment
itself [...] potentially alters the participants’ conception of the
situation” and concludes that improving representativeness of
the laboratory environment for the real-world situation under
investigation is crucial for the external validity of experimental
work in economics. Our simulation game is not suitable to test a
specific theory on e.g. risk aversion due to the complexity of the
environment. But we consider an experiment within a simulation
game more likely to yield policy relevant results for our research
question than a standard lottery based framed-lab-in-the-field
experiment targeting risk aversion in general, without considering
details of the risky situation.

light-weight tablet computers and access to a highly skilled game
design student.

Our simulation experiment in a “virtual field” is positioned
between natural field experiments and classical laboratory experimentation by incorporating high degrees of complexity and
realism in a laboratory model. Using a simulation game allows
us to cover a long time period and play at reduced stake, making
an experimental approach feasible in the first place. A virtual
field experiment in a simulation game is a sub-category of what
Harrison & List (2004) called “framed field experiments”. Using
photo realistic computer graphics creates a significantly stronger
framing than possible with classic pen-and-paper game technology as used e.g. in the framed-lab-in-the-field experiments by Vollan (2008) or Travers et el. (2011). Nevertheless, we argue that the
most important advancement towards representativeness of the
real world in our game is not in graphic design but in the realism
of the numerical values and relations. Both of these features were
made possible in the field due to the availability of affordable and
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While the design and use of non-virtual games is an established
branch of action research and a participatory learning method
(e.g. Mendler de Suarez et al., 2012), computer games have not
been used much to this end. The most famous custom-made
simulation game in economics so far is the “Fish Banks” (Meadows, 1993) game, e.g. used in the experiment by Ruiz-Pérez et al.
(2011). Most of the literature on Fish Banks relates to the game
as a learning tool. Similarly to Fish Banks, many other games in
natural resource management simulate multi-player situations
(Barreteau et al., 2007) and are designed as learning tools, not as
experimental systems in the sense of Rheinberger (1997). One of
the rare prominent examples of a computer game used for controlled economic experiments is the natural resource harvest game
with limited information used by Janssen et al. (2010). Simulation
games as tools for policy advise have been more widely discussed
in academia outside economics, in particular in the “Journal of
Simulation and Gaming”. Game design is an artistic practice that
takes several years of training to master. It is therefore unrealistic
to expect even the most technically inclined researchers to be able
to design a game themselves and get anywhere near the quality
and “immersion” (Brown and Cairns, 2004) of a game designed
by a professional game designer. Thus, the use of simulation
games for economic research requires an interdisciplinary collaboration with design practitioners. A playable online version of
the game used in this study can be found at https://www.n.ethz.
ch/~stim.
The approach of simulating long time horizons and large stakes
in a game can be criticized, as pure time preferences and risk preferences are likely to be having different magnitudes in the game
than in the real world. Nevertheless, directly measuring risk preferences for high stakes or time preferences for multiple decades is
logistically not feasible either. Thus, such preferences in economics are commonly measured either in lab experiments as well (e.g.,
Holt and Laury 2002, Andreoni and Harbaugh 2010, Andreoni
and Sprenger 2012) or even through basic survey questions.
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We did not find any correlation of game play to a simple proxy
measure of risk preferences elicited through a survey question. A
full-blown experiment measuring risk and time preferences was,
unfortunately, not feasible in the scope of this project, mainly
because the patience of our subjects was already at the limit with
the game. In the literature, the evidence on the degree to which
survey and experimental measures of such preferences coincide is
ambiguous (e.g. Dohmen et al. 2011, Hardeweg et al. 2013 find
they coincide; He et al. 2014 found they did not).

constraint was to our best knowledge so far never used in the
same model for the problem we consider. Thus the experimental
method we use triangulates nicely with the existing theoretical
approaches.

Our experimental model is not to be understood as a substitute
for theoretical models, but a methodological triangulation approach to the problem. The most important advantage of experimental methods is that we do not need to make the drastic cognitive assumptions of full rationality typically found in theoretical
models, but only need to assume that game behavior predicts real
world behavior. When experimenting in a simulated model world,
we cannot incorporate 100% of the contextual complexity as
with a full natural field experiment/random control trial, but can
still get significantly higher degrees of complexity than typical
theoretical models. For example, in a theoretical model related to
our study, Engel et al. (2013) analyze the question of designing
payments for avoided deforestation under uncertain prices and
irreversible land use decisions using a complex real options model,
but include only two types of land use, a homogenous land area
(either all forest or all agriculture) and no capital constraint.
Their results indicate that irreversibility and uncertainty over
future prices can alter the optimal payment design under PES.
Additionally, model design is typically inf luenced by the method
envisioned to solve the model. Accordingly, some of the simplifications that had to be made for the model to be solved by
human players would not be required for a theoretical solution
(e.g. diminishing marginal returns were found too complex for
the player, but are commonly used in theoretical models), while
all theoretical models we are aware of make simplifications that
we did not require for the game. The combination of uncertainty over future prices, irreversibility of decisions, two forms of
agriculture, pasture degradation, a capital constraint and a land
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2.2 Game Specifications
Our game is initially set to a ranch with 80% of the land in forest
and 20% in extensive, non-degraded pasture. The game is played
for a total of 46 rounds, representing one year per round. Each
round, the player can increase production either by expanding extensive pasture through deforestation or by intensifying existing
pasture. Note that “extensive pasture” in our case study region
corresponds to unmanaged grazing with less than one animal unit
per hectare and already the implementation of rotational grazing
and calcification is considered “intensification”. Accordingly,
“intensification” in our model is sustainable, while “extensive
grazing” leads to degradation. The player’s land use decisions are
irreversible and limited by both a land- and a capital constraint.
The capital constraint is relaxed over time as profits are made,
while the land constraint tightens as more of the land is utilized.
The cattle price changes every round and future cattle prices are
unknown to the player. We calibrated the cattle price trajectory to
have the same volatility as historic cattle prices in the case study
region. All economic and ecological parameters in the game were
chosen to be as close as possible to real world values for a 1’600 ha
ranch in Tocantins, Brazil. A full specification of the game and
the sources for the parameter values can be found in Annex 2-I.

2.3 Sample Specification
The sample consisted of three types of participants: 42 ranch
owners and 304 local students of land use related subjects (Agriculture, Environmental Studies and Forestry) of whom 109 were
ranch owners’ family members. The experiment took place in
various locations across the state of Tocantins, Brazil between October and December 2013. The ranchers were recruited through
the local governmental agricultural extension service, while the
students were recruited through local universities. While a sample
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of 100% ranch owners would have been preferable to improve external validity, logistic constraints did not allow such an ideal situation. We did not find significant differences in player behavior
between the different player types and thus analyze them jointly.
See Annex 2-II for further details of the sample and Annex 2-III
for a test of differences between player types.
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2.4 Experimental Protocol
Ten players were gathered in one room for every session, each
equipped with a 10.1-inch tablet computer and a set of earphones. Once all players had arrived, the experimenters gave an
introductory presentation. After this the participants filled out
a short socio-economic survey, and the rules of the game were
communicated in private via a video on the tablets. Additionally,
each subject had instruction sheets on paper. The experiment
was implemented in three phases: Training, baseline phase and
treatment phase. In the training phase the players could re-start
the game at any time and ask questions. The training phase was
interrupted three times for further explanations of the functioning of the game. The training phase was followed by the baseline
phase without payments. At the beginning of each phase the game
was re-set to the initial conditions. After the baseline phase, a
treatment was randomly assigned and introduced by a treatment
video. Additionally, a treatment manual was handed to the player
and discussed one on one with the experimenters. Randomization
was applied in the treatment phase only, while all previous phases
were equal for all players.
Baseline phase and treatment phase were incentivized, while the
training phase was not. The cattle price development was different across phases, but the same in each phase for all players
and treatments. The baseline phase was played for 26 rounds,
the treatment phase for 46 rounds. The number of rounds was
chosen as a compromise between maximal game length and time
available. An even number of rounds was chosen as cattle requires
two years to grow to slaughter age. After the treatment phase, the
players’ final outcome was calculated and paid out in cash by the
experimenter. See Annex 2-II for the detailed protocol and Figure
3.1 for the time line.

Incentive

Incentive

Treatment
Video

Treatment Phase

Payout

Randomization

Time

Figure 3.1: Time line of each experimental session
The compensation paid to the subjects was proportional to the
profit made in the game with a f loor of 15 USD and a maximum
of 55 USD. Each session took between 90 and 180 minutes in total. The average payout was approximately 25 USD for a two-hour
session. The monthly minimum wage in Brazil is 337.5 USD, but
a salary of 5 USD per hour is considered normal for student jobs.
All ranchers in our sample had a substantially higher income than
students. Most players remained engaged and interested for this
rather long time period, which we attribute to the “immersion”
in the sense of Brown and Cairns (2004) induced by the game
format of the experiment.

2.5 Treatments
We introduced five different PES contracts as treatments and a
control treatment without PES. The treatments differ in three
aspects, namely payment period, conditionality type and pricing.
In the treatments T1 to T4 the payment period was 25 rounds
followed by another 21 rounds without payments. The total maximum payment to a player was set equal in T1, T2, T3 and T4.
In T5, the payment period was the entire 46 rounds. The players
were aware of the end of the payment period from the beginning.
To ensure comparability, the maximum total payments to a player
were defined to have the same net present value between T5 and
the other treatments at a discount rate of 3%. T5 intends to mimic a scheme were the funding available for conservation is invested
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into a fund and only the interest rate paid out, as it is practiced
e.g. in the Monarch Butterf ly Conservation Fund in Mexico
(Honey-Roses et al., 2009) and was envisioned for the Yasunii
ITT initiative in Ecuador (Correa, 2007).

receives out of the maximum payment assuming she deforests one
cell in round two, four cells in round four and ten cells in round
ten for The semi-transparent bars indicate the maximum payment
the player could have received without deforestation while the
solid bars indicate the actual payments received with deforestation. Deforestation leads to a strong reduction of the next payments without inf luencing future payments in the emission-based
payment designs, while it leads to a small, but ongoing reduction
in all future payments for stock-based payment designs.

The conditionality types were designed to mimic existing, real
world PES contracts, namely the REDD+ schemes in the voluntary carbon market using the Verified Carbon Standard (VCS),
as an example of emission-based payments, and the governmental PES schemes, for example in Costa Rica (Pagiola, 2008) and
Ecuador (Wunder & Albán, 2008), as an example of stock-based
payments.
In line with common practice under the VCS, emission-based
payments were implemented in the treatments T1 and T2 as proportional to the difference between a hypothetical baseline rate of
emissions and the actual emissions. As a result, deforestation of a
small area had a strong impact on the next payments, but annual
payments returned to the maximum amount once the baseline
emissions caught up with the actual emissions again (see figure
3.2). The baseline rate of emissions was defined as the maximal
rate of emissions possible with the capital constraint and adjusting this rate according to the rules of the VCS (VCS, 2012b). The
adjustments used were smoothing and back loading. The resulting
baseline reached 100% deforestation in round 25. The emission
rate increased slowly over the 25 rounds and was four times higher in the last round than in the first round (see Annex 2-I).
Stock-based annual payments were implemented in T3, T4 and
T5 as proportional to the total amount of forest on the players
land in the same year. Accordingly, deforestation of a small area
had only a small impact on the next payments, but also reduced
all future payments.
Figure 3.2 visualizes the difference between emission-based and
stock-based payments using an example. The graph shows the
maximum payment that a player can receive if she doesn’t deforest
anything for T2 (emission-based payments, fixed price, in blue)
and T3 (Stock-based payments, fixed price, in green) over the
25 rounds payment period. Further, it shows how much a player
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Note that the sum of the maximum payments is equal for both
treatments (5’100’000 R$), while the sum of the actual payments
is smaller under emission-based payments than under stock-based
payments (3’615’000 R$ in T2 versus 4’012’000 R$ in T3). This
is due to the larger immediate punishment under emission-based
payments. The punishment for deforestation in round 10 in T3
would sum up to the same amount as the punishment in T2 only
if summed up over 25 years. The punishment reaches 600’000
R$ at the end of the payment period in round 25, instead of the
1’000’000 R$ punishment in T2.

& Enkvist (2009:118), Kindermann et al. (2008) or Greig-Gran
(2009). T5 used a stock-based payment of 42 USD per hectare,
but does not end after 25 rounds. This was calculated to have
the same net present value as the payment in T3 for a player who
never deforests.

We used four different pricing modalities: Treatment T1 was designed to mimic a payment funded through international carbon
markets. Thus, the PES in T1 was volatile, independent of the
cattle price and the future PES level unknown to the players. We
used the same PES price trajectory for every player. The price trajectory was created using a random walk model calibrated to have
a similar volatility as historic carbon prices for the Clean Development Mechanism and the same average price as Treatment T2
(See Annex 2-I for the price trajectory used).
Treatments T2, T3 and T5 used a fixed price. T2 used a fixed
carbon price of 20 Brazilian R$ resp. 10 USD/tCO 2 . Carbon
prices vary widely across time and trading scheme, from more
than 100 USD/tCO 2 in Switzerland to less than 0.5 USD/tCO 2
in some voluntary carbon market schemes. Prices between 8 and
10 USD per ton of CO 2 have also been assumed in other studies
on REDD+ such as Busch et al (2012) or Strassburg et al. (2009).
T3 used a fixed stock-based price of 80 USD per hectare. Wunder
et al. (2008) found that fixed price, stock-based payments are the
most common type of PES contract globally. The Costa Rican
governmental PES pays 64 USD per hectare and year in a cattle-related context (Wünscher et al. 2008). Furthermore, 80 USD
per hectare per year is approximately the average annual return
per hectare of extensive grazing, which is the dominant land use
in the case study region and the most profitable initial land use
choice in the game without PES. The average annual return per
hectare of the dominant land use type has been suggested as the
optimal PES level for example by Stern et al. (2006:542), Nauclér,
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In Treatment T4 the payment was indexed to the cattle price.
Benítez et al. (2006) and Dutschke and Angelsen (2008) suggested such a pricing scheme to improve the permanence of emission
reductions under PES in contexts of uncertain future opportunity
costs. Engel et al. (2013) also compared payments indexed to
agricultural commodity prices with payments indexed to carbon
prices. The initial PES level in T4 is equal to T3, but the PES is
adjusted to follow the cattle price. In years of high cattle price the
payments are higher, in years of low cattle price the payments are
lower.
Each hectare of forest releases 200 tCO 2 when deforested.
Accordingly, the total maximum payment that a player receives
without any deforestation is equal for all treatments except T5. 2)
Table 3.1 summarizes the treatments and their properties.
Table 3.1: The five treatments differ in respect to conditionality,
payment volatility and payment period.
Conditionality

Payment
Volatiltiy

Payment
Period

T1

Emission-Based

Volatile

25 rounds

T2

Emission-Based

Fixed

25 rounds

T3

Stock-Based

Fixed

25 rounds

T4

Stock-Based

Indexed

25 rounds

T5

Stock-Based

Fixed

Entire Game

T6

None

None

None

2)

10 USD * 200 tCO 2 /ha = 80 USD/ha/year * 25 years
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3. Results
2.6 Evaluating Cost-Effectiveness
We define the theoretical carbon mitigation cost of a treatment as
the payments made per ton of CO 2 reduced if comparing actual
emissions in the experiment to the baseline used in the emission-based payments in the last round of payment. We further
define the actual carbon mitigation cost as the payments made
per ton of CO 2 reduced if comparing actual emissions in the
treatment to actual emissions in the control.
Furthermore, to calculate the global cost-effectiveness in reducing
CO 2 , leakage needs to be considered. “Leakage” refers to any offsite change in CO 2 emissions causally induced by an intervention
aimed to reduce CO 2 emissions. In the case of export-oriented
cattle production, the most relevant type of leakage is through
market effects, i.e. changes in the incentives for other producers
due to the change in supply from the producers affected by the
REDD+ payment, mediated by market price (Wunder, 2008).
Leakage effects are generated by cattle differences in production
between the treatments. As there is no agreed-upon way to calculate emissions from production for leakage, we approximate the
average emissions per animal sold using the data from the control
treatment.
Accordingly, if not only deforestation but also production is
changed by the PES, the absolute emissions reductions depend
critically on the global elasticity of demand for cattle. A meta-analysis of theoretical and econometric literature on leakage by
Sathaye & Andrasko (2006) finds highly divergent results of 0 –
92% area leakage, which can translate into >100% carbon leakage
if leakage is from a low carbon density forest to a high carbon
density forest. Accordingly, Wunder (2008, page 68 - 69) states
that “we thus do not really know how large REDD leakage is”
and that “asking for credible leakage estimates or leakage-proof
design recipes is premature. It is helpful to play around with the
numbers, but prediction ranges remain unacceptably wide”. We
thus report the results for leakage levels between 0 and 100%.

All players went through the exact same training and baseline
phase and assignment to the treatments was random. Accordingly,
any significant outcome difference between the treatment groups
can be identified as causally induced by the differences in the
payment conditions during the treatment phase. We did not find
any significant differences in player behavior between T1 and
T2 or between T3 and T4 (see Annex 2-III). T1/2 respectively
T3/4 differed only in price volatility, not in conditionality type
or payment period. Accordingly, PES price volatility did not have
an effect on land use in our experiment. Thus, we report on those
treatments as T1/2 and T3/4 from here on.

3.1 Impact of PES on land use and production
Table 3.2 presents the results from OLS regressions, showing the
effect of the treatments compared to the control on cumulative
deforestation and cumulative production in round 25 and the last
round of the game (46). All treatments were found to have a highly significant negative impact on the cumulative deforestation in
round 25. The effect of the treatments with emission-based payments was almost two times higher than the effect of the stockbased treatments, which is a significant difference in coefficients.
The difference between T3/4 and T5 was not significant in round
25. In the last round of the game (round 46), the payments had
stopped for 21 rounds in all treatments except for T5. Neither
T1/2 nor T3/4 had a significant impact on deforestation in the
last round as compared to the control group. T5 significantly reduced deforestation compared to the control until the last round.
For cattle production, there was no significant difference between
the control and T1/2 by round 25. For the stock-based payments,
we found a significant increase in production by round 25. This
pattern remained unchanged until the end of the game.
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Table 3.2: Results from OLS regressions of treatment type on deforestation and cattle production in round 25 and round 46. All values
are cummulative.3)

erage savings in round 25 were approximately six times higher in
T1/2 and T3/4 than in the control, and about three times higher
in T5 than in the control.

Treatment Type

Deforestation Round
25

Deforestation
Round46

Production
Round 25

Production
Round 46

Intercept (Control)

36.9 .

45.0

365

1178

Emission-Based
(T1/2)

-18.9***

-4.3

10

241

Stock-Based
(T3/4)

-9.5***

-3.2

179***

424**

Stock-based
Forever (T5)

-11.6***

The increase in savings is enabled through the PES. Thus the
temporally limited PES schemes in our experiment had a perverse
effect on deforestation rates right after the payments came to an
end by relaxing the capital constraint.
		
				
				

-9.3**

146**

376*

* p<5%, ** p<1%, *** p<0.1%

Figure 3.3 shows the pathway of deforestation over time for all
treatment types. There is no significant difference in the coefficient for deforestation between T3/4 and T5 prior to round 25.
But deforestation rates increase rapidly in T1/2 and T3/4 when
the payments end in round 25, while they remain low in T5. Annual deforestation rates in treatments T1 to T4 are higher than in
the control just after round 25, so that the difference in total cumulative deforestation between treatments T1-T4 and the control
disappears quickly. This can be explained by two factors: First,
the availability of remaining forest in the control in round 25 is
limited, as more area is deforested in earlier rounds.19 out of 55
(35%) players had reached maximum deforestation in the control
in round 25, compared to 4 out of 117 (3%) players in T1/2 and
29 out of 116 (25%) players in T3/4. Second, in treatments T1 to
T4, the players accumulate high savings over the first 25 rounds,
allowing them to deforest faster once the payments end. The av3) A tobit regression leads to a very similar result. Including socio-economic
variables did not have a significant influence on coefficients, confirming successful
randomization. The results are also significant when using a Mann-Whitney pairwise
comparison of means (see Annex III & IV).
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A within-player comparison between the baseline-phase (without
payments) and the treatment phase shows similar patterns and the
main findings remain unchanged if excluding players with low
payoff (see Annex 2-III & 2-IV).

3.2 Cost-Effectiveness in reducing global CO2
emissions
10

10

We measure the theoretical carbon mitigation cost of a conditionality type as the sum of the average total payments made divided
by the sum of the average cumulative avoided emissions in round
25 when calculated using the baseline emissions from T1/T2 as
reference. According to this baseline scenario, in round 25 the
entire ranch area would be deforested. T1/2 have a theoretical
carbon mitigation cost of 10.4 USD/tCO 2 , while T3/4 have a
theoretical carbon mitigation cost of 14.7 USD/tCO 2 .4)

20

20

Conditional on
Stock T3/4

Round
25

Round

30

30

Stock-Based
Forever T5

40

40

Control

We measure the actual carbon mitigation cost of a treatment as
the sum of all PES payments divided by the sum of all emission
reductions when calculated as the difference between the average
actual emissions in the treatment and the average actual emissions
in the control in round 25. The average actual deforestation in
the control treatment in round 25 (36.9 out of 51 cells deforested)
is lower than the baseline (all 51 cells deforested). T1/2 have an
actual carbon mitigation cost of 18.0 USD/tCO 2 , while T3/4 have
an actual carbon mitigation cost of 36.4 USD/tCO 2 . The higher actual carbon mitigation cost as compared to the theoretical
carbon mitigation cost in the game points towards the problems
of ex-ante baseline determination. While the baseline in the game
was chosen rather conservatively, the actual players still deforested less than foreseen in the baseline model. Both theoretical
and actual carbon costs are significantly different between the
conditionality types (see Annex 2-IV).

Type
1&2
3&4
5
6

Figure 3.3: Cumulative deforestation over time for all treatment types.

4) We do not compute the mitigation cost for T5, as it would not be fully comparable to the other treatments due to the future payments after round 25 in T5. The
total payments made by round 25 were approximately half of those made in T3/T4
and both deforestation and cattle production were approximately equal to T3/T4. It
will require further research to understand why the payment in T5, which was only
about half the per hectare return of extensive land use, let to such positive conservation outcomes in the experiment.

To evaluate cost-effectiveness in the reduction of global emissions, leakage needs to be taken into account. Leakage effects are
generated by cattle differences in production between the treatments. For the treatments with stock-based payments (T3/4) a
positive leakage effect can be expected, as the cattle supply in the
market is increased compared to the control, potentially reducing deforestation elsewhere through market effects. Note that
this is in contrast to the common assumption that PES decreases
production, leading to increases in deforestation elsewhere (e.g.
Wunder, 2008). To calculate the global impact, emission changes
due to leakage need to be added to the calculation of emission reductions. We approximate the emissions per animal as cumulative
emissions in the control treatment in round 25 over cumulative
animals sold in the control treatment in round 25, which adds up
to 20.2 tCO 2 emissions per animal from land use change alone,
at a 25 year time horizon. We then multiply this factor with the
difference in animal production between control and treatment
in round 25 and with a leakage factor between 0 and 100% (see
figure 3.4). As T1/2 do not have an impact on production, the
carbon mitigation cost does not vary with leakage for those two
treatments. T3/4 increased production significantly and accordingly leakage can have an impact on the carbon mitigation costs
for T3/4.
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Figure 3.4: Depending on the leakage assumption, cost-effectiveness
in reducing global CO 2 emissions reverses.
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4. Discussion
The cost-effectiveness ranking regarding global CO 2 emission reductions between the two conditionality types reverses depending
on the assumptions on leakage. Without leakage emission-based
payments are more cost-effective, as indicated by the lower actual
carbon mitigation cost of emission-based payments. With 100%
leakage, emission-based payments are less cost-effective than
stock-based payments, due to the increase in production levels
under stock-based payments. The cost-effectiveness of T1/2 and
T3/4 equalizes under an assumption of 57% leakage at 17.5 USD/
tCO 2 . For levels of leakage below 57%, emission-based payments
are more cost-effective than stock-based payments.
Accordingly, how leakage is accounted for plays a crucial role in
the evaluation of the cost-effectiveness of conditionality types in a
PES scheme for global CO 2 emission reductions.

We experimentally investigated the impact of different conditionality types on land use change in a PES scheme for avoided
deforestation by cattle ranchers. Emission-based payments, which
lead to an immediate, drastic reduction in the next payments if a
landowner deforests, were found to be significantly more effective
in reducing local deforestation than stock-based payments, which
are proportional to the amount of forest currently held. Despite
significant reductions in deforestation rates in all PES schemes,
none led to reduction in cattle output compared to the control.
Stock-based payments increased cattle production while emission-based payments had no effect on production compared to the
control. Thus, depending on the level of leakage, one or the other
type of conditionality can be more cost-effective in reducing
global emissions.
Contrary to the discussion of leakage in the literature (e.g. Wunder, 2008), the introduction of REDD+ payments in our experiment did not cause a reduction in production, but an increase.
While this may appear counter-intuitive at first, this result makes
sense with intensification potential and capital constrained
producers as the PES reduces the capital constraint and thus the
intensification potential can be exploited more rapidly.
As the relevant details of conditionality types in PES schemes
are strongly dependent on the context, the few previous such as
Kaczan et al. (2013) and Honey-Roses et al. (2009) on the implementation of conditionality cannot be directly compared to our
study in terms of their results, as they investigated different case
studies. The effect of different conditionality types in local PES
schemes has to our knowledge not been investigated previously
for the case of cattle driven deforestation. Apart from Kaczan
(2013) et al. and Honey-Roses et al. (2009), different implementations of conditionality types have been only marginally discussed
in the literature on PES and REDD+ so far, but we find them to
differ significantly in their impacts on land use change. On the
other hand, price volatility under uncertainty has received a great
deal of attention in the non-experimental literature (e.g. Zinkhan,
1991; Bulte et al., 2002; Schatzki, 2003; Benítez et al., 2006; Angelsen and Dutschke, 2008; MacKenzie et al., 2012; Engel et al.
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2013), but had no effect in our experiment. We attribute this discrepancy in the research questions asked for investigations on PES
to the prevalence of static equilibrium analysis. In a static equilibrium, the capital constraint is no longer binding and accordingly
the different conditionality types we investigated converge, but
PES pricing has a decisive effect. With the dynamic analysis we
used where capital is constrained and profit accumulation is slow,
the opposite is true. This difference highlights the importance
of methodological triangulation for complex topics such as PES
design, as methodological choices inf luence the research questions
that can be investigated.

With the initial conditions used in the experiment, the emission-based payments do not have a significant leakage effect; the
production is equal to the control treatment. This result confirms
the feasibility of a leakage accounting approach introduced in
Reutemann (2014, chapter 2 of this thesis) for cattle producers.
Under the approach proposed there, 100% leakage is assumed
for REDD+ on a project level to avoid various issues in carbon
accounting. Accordingly payments are only made to the degree
in which actual production matches baseline production. In our
model, the REDD+ payments would not be reduced under such
accounting even with a 100% leakage assumption, as the cattle
production is at least as high with the payments as in the control.
It can be assumed that this does not necessarily hold for all initial
conditions, though. If a farm has less initial pasture available
than the 20% used in the experiment, production can be expected to decrease compared to the control. It might be necessary to
allow joint REDD+ projects between pasture owners and forest
owners to avoid such situations in a real-world policy.

The dynamic, capital constraint nature of our model is also the
key to make sense of the null-result on the effect of price volatility, which is in contrast to the above-mentioned literature. As
exemplified by the strong reduction in deforestation in treatment
T5, a payment significantly below the per hectare return of extensive land was sufficient to induce conservation in our experiment.
As already shown by Engel et al. (2013) and contrary to the wide
majority of the literature on PES pricing, under irreversible land
use decisions and uncertainty over future prices a payment below
the per hectare return of the dominant land use can be sufficient
to induce conservation. Engel et al. (2013), also find only a very
small effect of indexing prices to an (albeit imperfect) index of
opportunity costs. In our model, the return on investment of
the different land-use options also plays a role. Thus all the PES
levels we implemented in the experiment may be significantly
higher than the minimum required to make conservation a rational choice. Accordingly price volatility in our experiment might
have had an effect on deforestation rates if the PES had been
chosen at a lower level, but this issue remains to be investigated in
future research. We attribute the null-result on payment volatility
to our experimental design, as the PES level was not chosen at
the critical value were marginal changes in prices can alter the
optimal decision. Accordingly the discrepancy to previous studies
on indexed payments such as Veronesi et al. (2012) or MacKenzie et al., (2012) is not surprising, as they investigated price level
volatility close to critical values.
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While our results were derived for a specific case study in Tocantins, Brazil, the general effects can be expected to replicate
when modeling other locations where the main features of our
model hold, namely capital- and land constrained producers with
intensification potential. These conditions are fulfilled for many
situations where tropical cattle ranching is driving deforestation.
The results presented here cannot be expected to extend to other
situations such as deforestation driven by palm oil or soy production, where the new plantations driving deforestation typically
operate at maximum intensity already and the main actors are
multinational companies with less capital constraints. The results
should also not be expected to extend to non-commercial deforestation by subsistence smallholders, where entirely different
constraints and motivations are at work. We thus also call for a
more differentiated investigation of REDD+ scheme design, paying more attention to the specific properties of locally dominant
drivers of deforestation.
Our model also suffers from some limitations regarding the
realism for our immediate case study. Land speculation was
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mentioned several times by stakeholders as an important factor to
consider. We found it too complex to include land markets that
could give rise to speculation in the model, as this would have
required interaction between many buyers and sellers. The game
also does not include all technologies for land intensification
with higher per hectare returns such as confinements, rice, soy or
eucalyptus for now as they are not common on recently deforested
land in the case study area and we did not have reliable data on
the returns and uncertainties. These other land use types could
be added to future versions of the game, but would make play
significantly more complex, e.g. by requiring another uncertain
price that is either weakly correlated (soy) or uncorrelated (eucalyptus) to the cattle price. The game would thus require longer
learning periods with those additional options. Note that the
wide majority of previous models on PES were more restrictive
than ours in that they only allowed for one land use type besides
conservation (e.g. Ferraro and Simpson, 2002; Groom & Palmer,
2010; Delacote et al., 2013; Engel et al., 2013).
The game used in this experiment has been published opensource on github, allowing other researchers to re-use and modify
it to facilitate future research efforts.5) Potentially interesting
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customizable initial settings to match the players’ real land conditions. It would also be worth to develop a smart and low-effort
way to run an incentivized experiment online, as it would allow
significantly larger sample sizes at lower cost and, as a result of
the larger sample, could possibly include a land market.
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CHAPTER FOUR

Return per Hectare or per Dollar?
Opportunity Costs of Conservation
under Capital Constraints and Intensification Potential
This chapter was written jointly with Stefanie Engel

Abstract
Payments for Environmental Services (PES) are considered a
promising policy instrument for conservation. To design PES
effectively, it is necessary to know the cost of conservation for
the land owner. We simulate the decision situation on deforestation of a cattle rancher in Brazil with PES under a framework
of ecological rationality. The simulation features both land- and
capital constraints as well as intensification potential. We find
that low payments induce a medium conservation strategy while
high payments induce full conservation. The low payments can be
significantly below the return per hectare and their effect depends
on the conditionality type: Low, emission-based payments lead
to temporary full conservation followed by rapid deforestation.
Low, stock-based payments lead to ongoing, but slow deforestation. Curiously, a PES above the minimum stock-based payment
increases deforestation again. The common assumption that the
cost of conservation is equal to the current net return per hectare
overestimates the cost in the beginning, but underestimates it in
the long run.
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1. Introduction
Tropical deforestation is one of the worlds’ major environmental
problems, contributing significantly to climate change (IPCC,
2014) and the loss of biodiversity (Pimm, MEA, 2003). Payments
for environmental services (PES) are considered an important
tool for internalizing the external costs associated with emissions
from deforestation (Ferraro and Kiss, 2002; Ferraro and Simpson, 2002; Jack et al., 2008, Engel et al., 2008; Angelsen, 2010;
Pattanayak et al., 2010). PES have been critically evaluated and
found to be only suitable for a sub-set of environmental problems where societal conditions are favorable for incentive-based
instruments (e.g. Muradian et al., 2010; Gómez-Baggethun et
al., 2010; Norgaard, 2010; Kosoy & Corbera, 2010; Büscher et
al., 2012; Vatn & Vedeld, 2013). Conservation on private land
with established property rights is considered to be favorable
for PES. Even for such situations favorable for PES in general,
the design of a PES scheme is a complex task with a number of
unsolved problems (see e.g. Wünscher et al., 2008; Engel et al.
2008; Jack et al. 2008; Wunder, 2009; Pattanayak et al., 2010;
Matzdorf et al. 2013, Sattler & Matzdorf, 2013). While the causes
of deforestation are manifold and complex (Geist and Lambin
2002) and demand a context-sensitive analysis, one of the major
drivers is commercial, export-driven agriculture (Lambin, 2001
and Lambin & Meyfroidt, 2011, Hosonuma et al., 2012). Such
export-oriented production typically happens on privately owned
land only. Along with soy and palm oil, cattle ranching is one of
the most common land uses following deforestation (Boucher et
al. 2011).
In particular in Latin America and in contrast to earlier periods
of deforestation, today small holders play only a minor role in
deforestation, while commercial agriculture and ranching are
responsible for 68% of the deforestation (Hosonuma et al., 2012).
Of all forests in Latin America, more than 50% are found in
Brazil (World Bank, 2014). The country has lost 11% of its forest
cover between 1990 and 2012 (World Bank, 2014), making the
forests of Brazil a top priority in global conservation efforts. The
land use associated with most of the deforestation in Brazil is
extensive cattle ranching, which is found on 74% of freshly deforested land (Wassenaar et al., 2007). Accordingly, the externalities

created by cattle driven deforestation in Brazil are among the
major environmental issues globally.
For a PES scheme to become cost-effective, information on the
opportunity costs of avoiding deforestation is considered crucial
(e.g. Pagiola and Bosquet, 2009, Wünscher et al., 2008). With
such information the payment can be set at the minimum level
required to induce conservation. Information asymmetry between
the buyer and seller of ES about the actual opportunity cost can
reduce the cost-effectiveness of the instrument (Bourgeon et al.,
1995; Wu and Babcock, 1995;1996; Moxey et al., 1999; Ferraro,
2008). The predominant approach to calculate the cost of conservation is to set it equal to the average net return per hectare of
the currently favored land use (Stern et al., 2006:542; Nauclér &
Enkvist, 2009:118; Kindermann et al., 2008; Greig-Gran, 2009).
While most of these authors mention the limitations of such a
simple opportunity cost approach, they do not offer a quantitative alternative. The simple opportunity cost approach was also
used to set the payment level in some of the most prominent PES
schemes, e.g. the FONAFIFO scheme in Costa Rica (Umaña,
2014). While not criticizing the use of average returns as indicator
for the cost of conservation, Phelps et al. (2013) illustrate how
intensification can lead to an increase of the cost of conservation
over time. Reutemann et al. (2014, chapter 3 of this thesis) found
that a PES significantly below the net return per hectare can lead
to significant conservation outcomes.
In principle, a PES scheme would improve Pareto efficiency if
it pays any price between the cost incurred by the landowner to
provide the environmental service and the social value of the service (Engel et al. 2008). A number of studies have recommended
setting PES levels close to opportunity costs in order to maximize
conservation outcomes with limited budgets (Engel et al. 2007,
Wünscher et al. 2008, Alix-Garcia et al. 2008, Armsworth et al.
2012). We focus on such a lower bound of the PES price, aiming
to more precisely determine the cost of conservation for Brazilian
cattle ranchers under PES.
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This article investigates the effects of different payment levels
above and below the annual net return per hectare for a PES
scheme targeting avoided deforestation by cattle ranchers on land
use decisions under two different PES conditionality designs. We
do so for medium sized cattle enterprises, which are constrained
in capital availability and can sustainably intensify their production, but where intensification has a lower return on investment
than deforestation for extensive grazing. Data supplied by the
local branch of the Banco di Amazonia confirmed these properties for the majority of the ranchers. This bank finances the
majority of cattle production in the region. This setting might
inf luence the cost of conservation and is found for many frontier
cattle ranchers in the tropics (Kaimowitz & Angelsen, 2008).
Note that very large cattle producers may have better access to
capital through international markets and our results thus need to
be interpreted cautiously for those.

is fundamental to the model by Groom & Palmer (2010) their
results should not be expected to be relevant for the case we investigate.

A small number of studies have demonstrated conceptually that
a PES paying a simplistic opportunity cost set at the return per
hectare of the currently dominant land use is not necessarily a
cost-effective measure compared to other approaches.
Groom & Palmer (2010) review the classic model of PES by
Ferraro & Simpson (2002), but add credit constraints to it. The
model considers “eco-entrepreneurs” for whom conserved area
is an input to their production function, such as forest honey
producers or eco-tourism providers. Accordingly, relaxing the
credit constraint can reduce deforestation, as the “eco-entrepreneurs” are limited in their utilization of conserved area by limited
access to credit. Groom & Palmer (2010) find that the relaxation
of constraints can be more cost-effective than PES and preferable
to both the donor and the recipient when constraints are severe.
In contrast to their case, forest in not productive for the cattle
ranchers we investigate. They can invest into intensification of
existing land, which has zero impact on deforestation, but this
investment does not depend on forests as inputs. When no further
extensive pasture is available, an investment into intensive pasture
requires prior deforestation, making it a non-eco investment. As
the definition of forest as an input into a production function
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Delacote et al. (2014) analyze the impact of informational asymmetry on the distribution of rents from a PES scheme, offering
fixed, uniform payments per hectare for avoided deforestation.
They evaluate the effects from the perspective of different types
of policy makers specified by their preferences for environmental
goals, state income and poverty alleviation. They use a sophisticated, data based calculation of opportunity cost as total income
over total deforestation for smallholder cattle ranchers in Amazonia, Brazil. While acknowledging qualitatively that profitability
of deforestation depends on labor endowments, social capital and
degree of market access, they only consider the return per hectare
in the case study and do not calculate the return on investment
or capital requirements. They find that depending on the policy
makers’ objectives the impact of improved information differs
and in particular that informational constraints have less impact
on schemes that target poverty alleviation. Delacote et al. (2014)
investigate a situation more closely related to the problem we
address than Groom & Palmer (2010). Nevertheless, their model
does not include a capital constraint, which is driving our results.
We also differ from Delacote et al. (2014) as we assume a policy
maker with a purely environmental objective, which is justified as
we consider export-oriented, large-scale ranchers, not poor smallholders, and we further assume full information.
Engel et al. (2013) construct a model of a land use decision maker
with uncertainty over both future PES and agricultural income.
They explore how different dependencies between the PES level
and the agricultural returns inf luence land use decisions when
land use change is costly for the case of soybean farmers in Brazil
and PES for avoided deforestation. They use a real options model
assuming a representative land parcel, which can either be in
forest or agriculture of constant intensity. They simulate three
different types of PES price volatility. They show that the higher
the price uncertainty and correlation between the PES and the
return from agricultural production, the lower the payment re-
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quired, potentially diverging significantly from the net return per
hectare. The principle of option values inf luencing decisions under uncertain prices is also highlighted by Schatzki (2003), who
finds that option values can play an important role when land
use changes are costly, increasing the payment required to induce
change for an afforestation scheme in Georgia, USA. The situation investigated by Engel et al. (2013) is of high similarity to our
case. As we show below, when land and capital are constrained
and intensification is possible (aspects that were not considered
in their model), calculating the cost of conservation can be even
more complex and divergent from the net return per hectare of
extensive land use.

stock-based treatments were calibrated to pay approximately the
same amount as the expected annual return per hectare, the price
level in this treatment was only about half of that amount, but
continued to pay when the other treatments stopped. Nevertheless, this treatment induced just as much conservation as the other stock-based treatments from the beginning of the game. This
article is motivated by that finding of a strong conservation effect
for payments far below the per hectare return of extensive land
use in this previous experiment. In this article, we investigate
how payment levels below and above the net return per hectare of
extensive land use inf luence land use decisions in a simulation for
both emission-based and stock-based PES payments.

The model used in this article is a variation of the simulation
game introduced in Reutemann et al. (2014, chapter 3 of this
thesis). In Reutemann et al. (2014, chapter 3 of this thesis) we
investigated the impact of varying conditionality types and price
volatilities on deforestation rates using a framed lab-in-the-field
experiment. The two types of conditionality investigated were
stock-based and emission-based payments. Stock-based payments
are proportional to the forest area currently held, thus deforestation of a small area leads to a small reduction in payments for
all coming years. Emission-based payments are proportional to
changes in forest area and thus deforestation of a small area leads
to a drastic reduction in the next payments, but no reduction of
payments in the further future. Stock-based payments are used
in the majority of governmental PES schemes globally (Wunder
et al. 2008), while emission-based payments are used under the
Verified Carbon Standard, which is applied in a large number of
pilot REDD+ projects (VCS, 2014). At equivalent payment levels,
stock-based payments were found to lead to slow, but steady deforestation while emission-based payments reduced deforestation
more strongly. For all payment types, we found that an end of the
payment leads to rapid deforestation, leaving no net benefit after
a few years.
We introduced one stock-based treatment in Reutemann et al.
(2014, chapter 3 of this thesis) that differed in total price level
and payment period from the other treatments. While the other
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2. Methods
We investigate land use decisions under different price levels
of PES for both stock-based and emission-based payments in a
simulation game using quasi-optimal decision algorithms. The
model used for the simulation was developed for the interactive
computer game used in the experiment by Reutemann et al.
(2014, chapter 3 of this thesis) described above. It was calibrated
based on expert interviews and data from governmental banks to
ref lect both the economic and ecological reality of a rancher in
the Cerrado region in the state of Tocantins in Central Brazil as
closely as possible.
In the game, players aim to maximize profit. Without PES, the
only option to make profit is by cattle production. There are two
possible land use decisions that increase cattle production: Deforestation and intensification. Deforestation reduces forest and
increases extensive pasture, while intensification reduces extensive
pasture and increases intensive pasture. There are no other land
use options. Note that “intensification” in this context means
only minimal pasture management at three animals per hectare and is more sustainable than unmanaged, extensive grazing,
which can sustain between 0.5 and one animal per hectare.
The game is played for 46 rounds (representing one year per
round) and each round the player can make investments into land
use change. Investments yield profits, which can be re-invested into further land use change. Land use change decisions are
costly and irreversible. The players start with a limited amount of
capital available for investments and a land area of 20% extensive
pasture and 80% forest. The area is divided into 64 cells, each
representing 25 hectares. The initial capital availability allows for
the deforestation of 12 cells, respectively the intensification of 4
cells. Accordingly, it takes several rounds to change land use for
the entire initial area. The game further includes annual fixed
costs and a degradation model for extensive pasture.
The two types of PES implemented in the game are stock-based
and emission-based payments. With stock-based payments, players receive a fixed amount for each cell of forest. If players deforest under stock-based payments, all future payments are reduced

by a fixed amount for each cell deforested. With emission-based
payments, payments follow a pre-determined path independent
of the current land use. If players deforest, the next payments are
reduced by a fixed amount for each cell deforested once, with no
impact on future payments. We used the same baseline for the
emission-based payments in the simulation as in the experiment
by Reutemann et al. (2014, chapter 3 of this thesis. See Annex
2-I.2.3 for the numerical values).
Details on the mechanics and equations of the game can be found
in Annex 2-I.

2.1 The Rationale of Simulating with Quasi-Optimal Algorithms
The form of the model as a complex game does not lend itself to
a straightforward, analytic optimization solution. Thus we do
not provide a perfectly optimal solution for the model, but rather
start by providing key figures that can be used as rough indicators
to determine the attractiveness of decision options and proceed
by specifying deterministic algorithmic solutions using these
decision options. We solve the game using these algorithms and
determine the profitability of each algorithm under different PES
levels. This allows us to determine the dominant strategy for each
PES level and identify changes in the resulting land use dynamic
for each strategy.
The algorithmic decision solutions are loosely based on the
strategies used by real players in the experiment described in
Reutemann et al. (2014, chapter 3 of this thesis), but are adapted
to be noise- and error-free variants. While facing a fairly complex
decision environment with multiple cells, the key decision in the
game can be broken down to the two possible land use decisions:
Deforestation and intensification. We call the algorithms “quasi-optimal” as they do not exploit all tiny optimization possibilities that arise in the game, but they generate game play patterns
that consequently prioritize one of the two possible decisions over
the other, leaving little room for improvement.
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The algorithms are fairly easy to approximate for a real player and
can be qualitatively described in a few sentences. Technically, the
algorithms were defined in a spreadsheet that uses the variables
from the game each round to determine the player’s decisions.
A human player implemented the input manually in the game.
Admittedly, this is not the most technically sophisticated method
to run a simulation. Nevertheless we found it reasonably fast and
reliable for the purpose at hand. If a larger parameter space were
to be explored, a fully automated solution would be preferable.
The algorithms ignore some minimal optimization opportunities
for simplicity. A human player with some training in the game
can approximate the simulation by following the qualitative description of the algorithms without a spreadsheet or other computational devices.1)

making the results presented here reproducible.

Accordingly, the algorithms qualify as “fast and frugal” decision
rules, which have been shown to be common in human decision-making by Gigerenzer (2002). Using such simple, quasi-optimal decision algorithms is in line with the theoretical approach
outlined by Gigerenzer & Selten (2002) and Smith (2003) under
the key word “ecological rationality”. Ecologically rational strategies get close to optimal outcomes with a simple decision rule
using only limited information and cognitive resources, but, in
contrast to optimization calculus, are only applicable in certain
environments (or “ecologies”).
The game plus the algorithms fully specify a simulation model
based on a decision maker with ecological rationality. The exact,
mathematical version of the algorithms can be found in Annex
3-I, specifying every single action to be taken in the game and
the mathematical form of the game can be found in Annex 2-I,
1) The algorithms are provided in Annex 3-I. The careful reader might note that
they are too complex to be implemented by a human without computational aid.
Nevertheless, most of the complexity can be avoided if a player does not calculate the
maximum level of land use change investments possible at a given budget but rather
makes several decisions per round and only starts calculating when there is little
money left. Furthermore, the degradation model leads to some complexity that can
be fairly easy ignored and approximated with over-the-thump rules, but needs a lot of
calculation to calculate deterministically. If still skeptical, we invite the reader to try
the game themselves on http://cattlegame-001-site1.smarterasp.net/
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The original experiment in Reutemann et al. (2014, chapter 3 of
this thesis) included price uncertainty over the cattle price in the
game and a PES limited to 25 rounds, where one round represents
one year. To abstract from the uncertainty and potential impacts
of risk preferences and price expectations, we focus the analysis
in this article on the specific case of fixed prices. In the simulation, we use the mean cattle price over the first 25 years of the
experiment by Reutemann et al. (2014, chapter 3 of this thesis)
and only fixed price PES contracts. To simplify the simulation
further, we use a continuous PES over the entire period for stockbased payments. For the emission-based payments, the simulated
payments still end in round 25, as the logic of emission-based
payments does not allow for infinite payments. Once the entire
carbon stock is accounted for as emission reduction, no further
reductions can be sold. Accordingly, the maximum conservation
achievable with emission-based payments is a temporary conservation for 25 rounds. We discuss the comparability of the results for
emission-based and stock-based payments in the results section in
light of this difference.
We note that the results obtained by this method should not be
taken at their numerical face value, but rather as demonstrations
of possible structural relations between different PES contracts
and land use decisions if both capital and land are constrained
and intensification is possible.

2.2 Approximations Using Rough Indicators
As a first step, table 4.1 shows some indicators for single cell (=
25 hectares) investments into deforestation and intensification in
the game without PES, calculated based on a cash-f low model (see
Annex 3-I for the fully specified cash f low model). An investment
into deforestation only removes unproductive forest, thus the according cash-f low from deforestation is identical to the cash-f low
of a single, extensive cell minus the cost of deforestation, which is
calculated net the timber value. Intensification of one cell reduces
the available extensive pasture by one. Thus all values for inten-
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sive cattle production on existing pasture are net of the opportunity cost of losing one extensive cell.

(i.e. 10’740 R$ per cell per year) should lead to conservation of all
forest cells.

The indicators listed in table 4.1 are the initial investment cost,
the total net annual return per cell for 25 years and the average
annual return on investment (ROI) over 25 rounds. ROI is defined as annual net return divided by initial investment, averaged
over 25 years. 2)

2 R$ = 1 USD

On the contrary, in a game with a capital constraint but without
a constraint on land, the player should never intensify but invest
all capital into deforesting for extensive grazing as this has the
highest ROI due to lower initial investment cost than intensification. If forestland is not constrained, defining a minimal PES per
forest cell does not make sense, as the amount of forest is infinite
and accordingly such a PES would remove the capital constraint
instantly. Nevertheless, it now is straightforward to determine the
minimal reduction required in a PES for an act of deforestation
to make intensification more attractive than deforestation. The
reduction needs to be so high that the ROI of intensification exactly matches the ROI of deforestation. As land is not constraint,
the players can and should then always invest all available capital
into intensification. When including an annual cost for deforestation in the cash-f low model, a reduction of PES of 425 R$ per
cell per year is found to be sufficient to make intensification more
attractive than deforestation (See Annex 3-I for the calculation).

The crucial characteristic of the numbers in table 4.1 is that
intensification generates a higher annual return per cell, while
deforestation has a higher return on investment. When evaluating
the land use investment options per hectare, intensification is
more attractive, but when considering them per dollar invested,
deforestation is more attractive. Under a capital constraint the
return per dollar invested is crucial, while under land constraint
the return per hectare is crucial. Accordingly, in a game without
capital constraint but with land constraint, the player should
always deforest and intensify all existing cells. Without capital constraint, any investment opportunity with a positive ROI
should be taken. Calculating the minimal PES required to induce
conservation is straightforward under those conditions: A PES
that exactly matches the sum of the mean annual net return per
cell of first deforesting and then intensifying after deforestation

The more interesting effects arise in a game where both land
and capital are constrained, as the values calculated in table 4.1
then are no longer sufficient to determine the dominant strategy.
While the mean annual net return per cell is the only relevant
variable for a land- constrained scenario and the ROI is the
only relevant variable for a capital-constrained scenario, each
neglects the impact on the other when both land and capital are
constrained. When calculating the ROI under a land constraint,
the opportunity cost of losing one cell of the previous land use
type needs to be taken into account and the optimal investment
changes once the players run out of one type. On the other hand,
when calculating the mean annual net return per cell under a
capital constraint, the number of cells that can be utilized with a
given amount of capital needs to be considered. Further, wholeranch profitability of a strategy is inf luenced by annual fixed
cost, re-investment of profits and degradation dynamics.

Table 4.1: Financial properties of single-cell investments
Land Use Type

Initial Investment Cost

Total Net
Annual Return
per Cell for 25
rounds

Average ROI
over 25 rounds

Extensive after
deforestation

43’180 R$

3’818 R$

8.8%

Intensive on
existing pasture

90’360 R$

6’922 R$

7.7%

2) Monetary values are given in Brazilian R$, which currently have an exchange
rate of approximately two R$ for one USD.
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As the use of rough indicators as in table 4.1 is of limited value
under these more realistic conditions, we continue by using the
game itself as a simulation model based on algorithmic solutions.

investments in land use change once all initial pasture is intensified. This algorithm was designed to mimic the behavior observed
in the first 25 rounds of the emission-based treatments in Reutemann et al. (2014, chapter 3 of this thesis). As emission-based
payments compensate for avoided CO 2 emissions compared to
a baseline scenario, they need to come to an end by definition:
Once deforestation in the baseline scenario reached 100 per cent
of the existing carbon stock, no further payments are possible
within the logic of emission-based payments. In round 25 players
in the experiment switched to a behavior more closely resembling
“Deforest and Extensive”. We call such a strategy that switches
from “Full Conservation” to “Deforest and Extensive” in round
25, when payments end, “Full Conservation Temporary”.

2.3 Description of the Algorithms
The algorithms described below generate deterministic land use
patterns in the game. They can be described by a prioritization of
one of the two possible land use change decisions, either deforestation or intensification.
”Deforest and Extensive” gives highest priority to investments into
deforestation and invests into intensification only when deforestation is no longer possible. Players use only extensive grazing and
deploy any excess capital to deforest for extensive pasture as long
as forest is available. Only when all forest cells are deforested and
excess capital is available, intensification is applied. This algorithm was designed to mimic the behavior observed in the control
treatment in Reutemann et al. (2014, chapter 3 of this thesis)
“Intensify First” gives highest priority to investments into intensification. Players first intensify all available extensive pasture.
Excess capital is used to deforest and immediately intensify the
newly deforested areas until all land is deforested and intensified.
This algorithm was designed to mimic the behavior observed in
stock-based treatments in Reutemann et al. (2014, chapter 3 of
this thesis). We do not report the simulation results for “Intensify
First” under emission-based payments. Once all initial pasture
has been intensified, the players using “Intensify First” deforest
a few cells every round. Under emission-based payments, the
deforestation of a few cells leads to a drastic reduction of the next
payments. Accordingly, players using “Intensify First” do not receive any further payments under emission-based payments once
they start to deforest. As shown below, without payments “Deforest and Extensive” is dominant over “Intensify First”.
“Full Conservation” gives highest priority to investments into
intensification. But in contrast to “Intensify First”, player using
this strategy strictly never deforest and thus stop making further
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“Optimal Emission Based ” is a slightly more complex, experimenter-created strategy switching from “Full Conservation” to “Deforest and Extensive” prior to the end of the payments. This strategy
was selected as it can generate higher payoffs than any of the other strategies under emission-based payments. Under the parameters used in the experiment by Reutemann et al. (2014, chapter 3
of this thesis), the strategy did not lead to higher payoffs but can
do so for other payment values as shown below.3) Accordingly,
in contrast to the other strategies, this strategy was not designed
following experimentally observed behavior but derived from the
structure of the game by the authors. The intuition behind “Optimal Emission Based” is that capital availability increases over
time and accordingly the foregone profits of investing all capital
into land use change also increase. At the same time the amount
of PES that can still be received in the remaining payment period
decreases over time, as the payments have a fixed end. Accordingly there can be a point when it becomes attractive to forego all the
remaining PES and start to deforest.

3) The algorithm as defined cannot be used in a straightforward manner for the
original parameters, as it does not include a model for expected price changes and
the original experiment included uncertainty over the cattle price. When updating
the cattle price in the algorithm to the current cattle price every round and running
it with the parameters used in the experiment, “Optimal Emission Based” does not
increase profits compared to “Full Conservation Temporary”.
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To play “Optimal Emission Based” the player needs to calculate
the amount of capital (Y) at which the profit generated by investing Y into land use change over the remaining payment period is
equal to the sum of all remaining payments. Y needs to be re-calculated every round as it depends on the length of the remaining
payment period and the current capital availability. Once a player
using “Optimal Emission Based” accumulates Y capital, she keeps
playing “Full Conservation” for half of the remaining rounds of
the payment period and then switches to “Deforest and Extensive”.4)

2.4 Comparing the cost-effectiveness of delays
in deforestation

In all simulation results reported below, we call a strategy “dominant” if it generates higher cumulative savings in round 46 than
any of the other strategies. We chose round 46 because it allows
us to abstract from differences in land value. Both “Deforest
and Extensive” and “Intensify First” lead to a fully intensified
ranch by this round in a game without payments at a constant
cattle price.5) It further was the last round in the experiment as
implemented. All algorithmic solutions to the game are executed
in two-year steps. Cows need two years to grow to slaughtering
weight. In retrospective, it would have made more sense to design
the game so that one round is equal to two years. Nevertheless,
we stick to the two-year version in the simulation to improve
comparability to the experiment.
4) This is a heuristic approximation to optimal play. Switching to „Deforest and
Extensive“ right away when Y is accumulated generates less returns than this strategy
and so does continuing with „Full Conservation“ until the end of the payment period. The optimal switching point is somewhere in between, which is approximated by
taking the middle. There is one way to increase profit not exploited by the algorithm, but it increases profits only minimally under the parameter settings used in
the experiment and simulations: If capital is available and the total net return of an
intensified cell from the current round until the round when the player switches to
“Deforest and Extensive” is larger than the lost PES for deforesting one cell, returns
can be increased by deforesting and intensifying a few cells early in the payment
period.
5) PES can increase the land value of forest. Only “Full Conservation” retains any
forest by round 46 under any of the parameter setting simulated. The land value of
forest is lower than the land value of intensified pasture, unless the PES is higher
than the annual return of intensified pasture. As this is the very same PES value that
makes “Full Conservation” dominant, land value is irrelevant for the determination
of dominance in all cases.
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A conservation policy can either target permanent conservation
or a delay in deforestation. Depending on the goals of the policy
makers, both can be valid targets. When comparing the cost-effectiveness of delays in deforestation, it is not useful to discuss
them in terms of total hectares saved or tCO 2 reduced. A more
practical way to quantify delays in emissions is the ton-year
approach introduced by Moura-Costa and Wilson (2000). A tonyear corresponds to one ton of CO 2 kept out of the atmosphere
for one year. Nevertheless, there may be reasons for a policy maker to not only worry about ton-years, but aim at full conservation,
for example to provide permanent carbon offsets certificates or
protect biodiversity. Thus we evaluate the cost-effectiveness of
the different payment types both for delaying deforestation and
permanent conservation. We calculate ton-years reduced by a
strategy with PES as the difference in the sum of all annual total
emissions between a simulation run using that strategy and PES
compared to “Deforest and Extensive” without PES and define
the costs as the total PES payments made.
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3. Results
We now consider the key question how PES inf luences the
dominance order of strategies and the resulting land use development. The simulation results presented below are presented first
in a table with the actual (rounded) numerical values from the
simulation and second as a graph, visualizing the structure of the
relationship. In the tables, there are two rows for each payment
level, showing the simulation results for two different strategies.
For each payment level, the dominant strategy is highlighted in
dark grey. Only the payment levels close to switching points in
the dominance of strategies and the payment level used in the
experiment by Reutemann et al. (2014, chapter 3 of this thesis)
are reported. A more extensive list of simulation results can be
found in Annex 3-I, and the raw data of the results is provided in
the additional online material.

3.1 Effects of Stock-Based Payments
Stock-based payments are directly proportional to the amount of
forest currently held. Accordingly, deforestation of a small part of
the forest leads to a reduction of a small part of all future payments. The simulation results for selected stock-based PES levels
are listed in table 4.2. The final savings are used to determine
dominance. The average rate of deforestation is inversely proportional to the number of rounds required to reach 100 per cent
deforestation. The total payments paid are used later to evaluate
cost-effectiveness. We also list the deforestation in round 6 for
“Deforest and Extensive”, as deforestation reaches 100 per cent
(corresponding to 51 cells) in round 8 for all PES levels under this
strategy, but deforestation rates still vary prior to round 8.

Table 4.2: Simulation results for stock-based payments, the dark
highlighted strategy is dominant for each payment level.
Payment

Strategy

Savings
Round 46 in
1’000 R$

DeforestaTotal
tion 100% in Payments
Round
Made in
1‘000 R$

No Payments

Deforest
and Extensive

20’700

8 (Def=31 in
round 6)

0

No Payments

Intensify
First

8’000

45

0

Stock-Based
2‘100 per Cell

Deforest
and Extensive

23’300

8 (Def=46 in
round 6)

360

Stock-Based
2‘100 per Cell

Intensify
First

22’900

26

1‘870

Stock-Based
2‘200 per Cell

Deforest
and Extensive

23’400

8 Def=47 in
round 6)

370

Stock-Based
2‘200 per Cell

Intensify
First

23’300

24

1‘900

Stock-Based
2‘300 per Cell

Deforest
and Extensive

23’500

8 (Def=47 in
round 6)

380

Stock-Based
2‘300 per Cell

Intensify
First

23’600

24

1‘950
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Table 4.2: Simulation results for stock-based payments, the dark
highlighted strategy is dominant for each payment level (continued)
Payment

Strategy

Savings
Round 46
in R$

DeforestaTotal
tion 100% in Payments
Round
Made in
1‘000 R$

Stock-Based,
4’000 per Cell

Intensify
First

26’700

20

2’670

Stock-Based,
10’000 per
Cell

Intensify
First

31’600

14

4’080

Stock-Based,
10’000 per
Cell

Full Conservation

28’900

N/A

23’360

Stock-Based,
11’500 per
Cell

Intensify
First

32’300

14

4’300

Stock-Based,
11’500 per
Cell

Full Conservation

31’800

N/A

26’370

Stock-Based,
11’700 per
Cell

Intensify
First

32’300

14

4’350

Stock-Based,
11’700 per
Cell

Full Conservation

32’300

N/A

27’450

Stock-Based,
12’000 per
Cell

Intensify
First

32’300

12

4’340

Stock-Based,
12’000 per
Cell

Full Conservation

33’000

N/A

28’150
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The final savings generated by “Deforest and Extensive” also
increase with the level of stock-based payments. Full deforestation is always reached in round 8 for players using “Deforest
and Extensive”, but deforestation is increased until round 6 with
increasing payments. 6) We find that for a PES of 2’300 R$ (46
USD/ha) per cell or higher, “Intensify First” is dominant over
“Deforest and Extensive”. At 2’300 R$ per cell, full deforestation
is reached in round 24. A further increase leads to an increase of
the deforestation rate. A player using “Intensify First” reaches full
deforestation in round 24 at a payment of 2’300 R$/cell per year
but already in round 14 at 11’500 R$/cell per year. Only at payments above 11’700 R$/cell per year “Full Conservation” becomes
dominant, reducing deforestation to zero. This is in line with the
finding based on the rough indicators and equal to the annual net
return of intensified pasture.7)
The graph shown in Figure 4.1 describes the effect of PES on the
average rate of deforestation in our simulation. The average rate
of deforestation is plotted as the level of deforestation in the last
round prior to the round when full deforestation is reached over
the number of rounds till then. The last round prior to reaching
full deforestation was chosen because it allows for a finer resolution than the last round. The points between the simulation
runs are filled in linearly. The graph can be understood as the
combination of two effects, a change in dominance of strategies
leading to step-wise decreases in deforestation rates and a linear
increase of deforestation rates with increasing payments within
each strategy.

6) Note that the special role of round 8 is an artifact induced by the initial conditions of the simulation and an approximation made in the degradation model See
Annex 2-VI for more details on the artifacts.
7) The value is slightly different from the 10’739 from table 4.1, as the value from
table 4.1 was calculated for 25 rounds only. Over the 46 rounds the initial investment
cost have a lower effect on the average annual return, increasing the PES required.
For an infinite payment period, the required payment would be slightly higher still.
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3.2 Effects of Emission-Based Payments

Average Rate of Deforestation
in cells per round

8
7
6
5
4
3
2
1
0
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0 R$

Defoest and
Extensive is
dominant

2’500 R$
per cell

4’000 R$
per cell

Intensify ~Net annual
return of
First is
dominant extensive
Land Use

12’500 R$
per cell
Full Conservation is
dominant

Level of Stock-Based PES

Figure 4.1: Effect of the level of PES on the average deforestation rate

Emission-based payments follow a pre-determined path independent of the current land use, but deforestation leads to a one-time
reduction of a fixed amount per cell from the next payments
(see Reutemann et al., 2014, chapter 3 of this thesis for details).
The payments in all simulations of emission-based payments are
back-loaded, i.e. the maximum annual payment increases over
time, with the last payment four times higher than the first. All
payments end in round 25. Accordingly, the strongest conservation strategy that can be reached with emission-based payments
is “Full Conservation Temporary“. We run the simulation for
“Optimal Emission Based” as medium conservation strategy. In
“Optimal Emission Based” the key variable is the round when
players start to deforest, reported in the fourth row in table 4.3.
For all carbon prices, deforestation under “Optimal Emission
Based” reaches 100 per cent in the same round that players start
to deforest.
The results of the simulation runs are reported in table 4.3. We
ran the simulation with selected, constant carbon prices between
10 and 40 R$/tCO 2 , which corresponds to one-time reductions in
the next payments between 50’000 R$ and 200’000 R$ per cell
deforested for both “Optimal Based Emission” and “Full Conservation Temporary”. A player using “Deforest and Extensive” never
receives any PES in emission-based payments, thus we report the
simulation results only once for all carbon prices (first row in
table 4.3).
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Table 4.3: Simulation results for emission-based payments
Payment

Strategy

Savings
Round 46 in
1’000 R$

DeforestaTotal
tion 100% in Payments
Round
Made in
1‘000 R$

181

Table 4.3: Simulation results for emission-based payments
(continued)
Payment

Strategy

Savings
Round 46 in
1’000 R$

DeforestaTotal
tion 100% in Payments
Round
Made in
1‘000 R$

Any Emission- Based
Payment

Deforest
and Extensive

20’700

8

0

38 R$/tCO 2

26’000

22

7’570

10 R$/tCO 2

Optimal
Emission
Based

Optimal
Emission
Based

18’100

22

1’990

38 R$/tCO 2

25’000

26

9’690

Full Conservation
Temporary

Full Conservation
Temporary

16’600

26

2’550

40 R$/tCO 2

25’500

26

10’200

16 R$/tCO 2

Optimal
Emission
Based

Optimal
Emission
Based

20’600

20

3’190

40 R$/tCO 2

25’500

26

10’200

16 R$/tCO 2

Full Conservation
Temporary

Full Conservation
Temporary

19’000

26

4’080

18 R$/tCO 2

Optimal
Emission
Based

21’200

20

3’300

18 R$/tCO 2

Full Conservation
Temporary

19’600

26

4’590

24 R$/tCO 2

Optimal
Emission
Based

22’800

20

4’000

24 R$/tCO 2

Full Conservation
Temporary

21’400

26

6’120

10 R$/tCO 2

Note: To make it comparable to Table 4.2: When multiplying the
carbon price by 200, the result is the corresponding stock-based
per cell payment. E.g., A stock-based payment of 4’000 R$ per
cell pays exactly as much as an emission-based payment with a
carbon price of 20 R$/tCO 2 to a player using “Full Temporary
Conservation”.

The minimal payment to make “Optimal Emission Based”
dominant over “Deforest and Extensive” is found to be 18 R$/
tCO 2 . The onset of deforestation in “Optimal Emission Based” at
a carbon price of 18 R$/tCO 2 is in round 20 and increases slowly
with increasing carbon prices.
The payment level at which “Full Conservation Temporary”
becomes dominant is unfortunately tainted by an artifact of the
simulation. The algorithms proceed in 2-year steps and accordingly deforestation in “Full Conservation Temporary” starts
in round 26 only. As the payment period is an uneven number
of years, but the algorithms always operate in 2-year steps, the
payment in the last 2-year step is lower than in the second-to-last
2-year step. This issue should be resolved in a future version of
the game and simulation. Accordingly, these results should not be
read at face value, but as indication of the structural shape of the
dominance of alternative strategies under emission-based payments. The carbon price at which “Full Conservation Temporary”
becomes the dominant strategy was found to be 40 R$/tCO 2 . The
artifact makes full conservation less attractive, thus the correct
price should be slightly lower.
The graph in Figure 4.2 shows the effect of emission-based
payments visually. All strategies simulated for emission-based
payments can be described as a period of full conservation followed by rapid deforestation. For low prices, the full conservation
period is zero (“Deforest and Extensive”) and for high prices it is
25 rounds (“Full Conservation Temporary”). Thus, the decisive
variable is the year of the onset of deforestation (on the Y-axis).
Without PES, this is in the first year, while at the 40 R$/tCO 2
required for full conservation, it is in the last year of the payment
period.
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First
Year

Year of onset of
deforestation

182

End of
Payment
Period 0 R$

44 R$/tCO 2
Full Conservation
Temporary becomes
dominant
Level of Emission-Based PES

18 R$/tCO 2
Optimal Emission-Based
becomes dominant

Figure 4.2: The effect of increasing level of emission-based PES on
the onset of deforestation
As said above, the emission-based payments were “back-loaded”
in order to mimic the real-world carbon accounting rules for VCS
REDD+ projects (see Reutemann et al. 2014, chapter 2 of this
thesis). This means that the payment in the last round was set
four times higher than in the first round.
To test the importance of back-loading, we ran the simulation
with emission-based payments using a f lat baseline without
back-loading for selected carbon prices. Without back-loading
deforestation sets on in round 18 and an increase in carbon price
has no effect on delaying the onset of deforestation. Without
back-loading, “Full Conservation Temporary” is only dominant
if the annual payments are as high as in stock-based payments of
11’700 R$ per cell for the entire area. A carbon price of 58.5 R$/
tCO 2 is required to reach this level (not reported in table 4.3).
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3.3 Comparing Stock-Based and Emission-Based
Payments

As shown in table 4.4, a stock-based payment at 2’300 R$ per
cell is the most cost-effective in delaying emissions in terms of
the price paid per ton-year. But if delaying emissions is not the
only goal but full, permanent conservation is targeted, back-loaded, emission-based payments at 40 R$ per ton of CO 2 are most
cost-effective.

To induce “Intensify First” an annual payment of 2’300 R$ per
cell of forest is required, which is equivalent to a payment reduction of 57’500 R$ per cell deforested over a 25 year period. This
leads to a total payment of 1’950’000 R$ over 25 years for a player
using “Intensify First”. To induce “Optimal Emission Based” a
payment of 18 R$/tCO 2 , corresponding to a payment reduction of
90’000 R$ per cell deforested, is required, which leads to a total
payment of 4’590’000 R$ over 25 years for a player using “Optimal Emission Based”.
Table 4.4 uses the ton-year approach to compare the cost of the
four possible payment types, targeting medium conservation or
full conservation with stock-based or emission-based payments
for a time period of 25 years. Note that the number of ton-years is
the same for both payments achieving full conservation.
Table 4.4: Comparing the payment types using the ton-year approach

Cumulative
ton-years over
25 years
R$ per tonyear after 25
years

Medium Conservation
Strategies

Full Conservation Strategies

StockBased
2’300 R$
per cell

StockBased
11’700 R$
per cell

3’030’000
ton-years

Emission-Based
18 R$ per
tCO 2
3’890’000
ton-years

4’910’000
ton-years

Emission-Based
40 R$ per
tCO 2
4’910’000
ton-years

0.64
0.78
3.04
2.08
R$/ton-year R$/ton-year R$/ton-year R$/ton-year
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4. Discussion
We investigate how payment levels below and above the net return per hectare of extensive land use inf luence land use decisions
in a simulation for both emission-based and stock-based PES
payments. Our most important result is that the cost of conservation and the corresponding optimal PES cannot be calculated in
a straightforward manner based on average productivity as it also
depends on capital availability and cash-f low.
Furthermore, due to the dual constraint of both land and capital
and the differentiation of two conditionality types our simulation
model exhibits four key novel properties not present in previous
efforts to understand a land-owners decision situation under PES.
First, there are two possible levels of PES that can be targeted by
policy makers: A low payment level A that makes a strategy of
reduced deforestation and intensification dominant and a higher
payment level B that makes full conservation dominant. This is
due to the intensification potential.
Second, the dominant land use strategy of reduced deforestation
at the low payment level A depends on the specification of conditionality in the PES contract. If payments are insufficient to reach
permanent full conservation, emission-based payments lead to full
conservation temporarily, followed by rapid deforestation, while
stock-based payments lead to players robustly avoiding extensive
land use at continuous, but low deforestation rates.

In the remainder of this article, we discuss the two most striking of these results in more detail and proceed to more general
conclusions on the use of different conditionality types in PES
design.

4.1 The cost of conservation
We consider our results on the determination of the cost of conservation, and consequently the optimal PES level, as of particular importance. Our simulation challenges the common view that
the cost of conservation is equal the net return of the dominant
land use without PES (e.g. used in Stern et al., 2006:542; Nauclér, & Enkvist, 2009:118; Kindermann et al., 2008 and GreigGran, 2009). In our model, the dominant land use without PES is
extensive grazing. Yet, the cost of conservation cannot be the per
hectare return of extensive grazing in any case. As long as capital
is constrained, the relevant value is the difference in return per
dollar invested between investments into deforestation and intensification. When capital is no longer constrained, all land will
be intensified right away and, accordingly, the relevant cost of
conservation is the return per hectare of intensified land – even in
a location when intensification is not applied at all without PES.

Third, for stock-based payments, a PES level higher than A but
lower than B can be expected to increase deforestation over a
PES exactly at A. PES can thus lead to sub-optimal conservation
outcomes both if it is too high or too low.

In other words, whenever capital is constrained but land is not,
the difference in return per dollar invested between investments
into deforestation and extensive grazing and investments into
intensification is more important than the return per hectare.
But when land is constrained and capital available, the maximum
return per hectare of the most intensive land use is decisive. The
net return per hectare of extensive land use is never relevant.

And fourth, back-loading of payments in low emission-based
payments improves conservation outcomes, as it reduces the speed
of capital accumulation and increases the potential loss in PES
in later years of the payment period when capital availability
is higher. Thus the onset of deforestation is delayed further by
back-loading.

Such dependencies of opportunity costs on capital availability
and intensification potential need to be taken into account when
estimating the cost of REDD+. Using only the net return of the
currently dominant land for the calculation of the cost of conservation seems to overestimate the cost in the beginning, but underestimate it in the long run.
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It should be noted though that our model did not include uncertain prices and the resulting option values discussed by Engel
et al. (2013), which can be expected to make the calculation of
the cost of conservation even more complex. Further, our results
depend critically on a binding capital constraint and significant
intensification potential. Thus the real-world applicability is
limited to situations that have such properties, most prominently commercial cattle ranching. In locations were deforestation
is driven for example by palm oil or soy, which are operated by
multinational companies with access to global financial markets and plantations always operating at maximum intensity,
these conditions are not fulfilled. Small holders and subsistence
land users are affected by a number of other constraints, so our
results should not be expected to apply to such situations in a
straight-forward manner either.

back-loaded emission-based payments leads to an increase in the
delay of the onset of deforestation.

4.2 Perverse Effects

There is little previous research on the impact conditionality
types on the effect of PES, and we were only able to investigate
two out of a multitude of possible types. But our results clearly
show the importance of the specification of conditionality types
in PES contracts. The different conditionality types converge
in equilibrium, thus they can only be differentiated in dynamic
models. We therefore call for more research on PES using dynamic models.

The other core finding of our simulation is that PES payments
can increase deforestation rates both when they are chosen too
low and too high. Previous research on low PES levels had mixed
results, as low payments can sometimes crowd out existing intrinsically motivated pro-social behavior and sometimes enhance it
(Kerr et al. 2012, Rode et al. 2013). In contrast to this previous
research, the perverse effect of low payments in our simulation is
not a behavioral issue but results from an increase in capital availability and is thus a different phenomenon entirely. We are not
aware of another model showing that a PES chosen too high can
also have a perverse effect on deforestation rates, but this result
is in line with previous research on unconditional payments. For
example Angelsen and Kaimowitz (1999) and Schmook & Vance
(2009) find that unconditional payments lead to an increase in
deforestation rates in the presence of capital constraints. Under
stock-based payments, in contrast to emission-based payments, a
player using “Deforest and Extensive” still receives some payments and a player using “Intensify First” even receives a fairly
large amount of payments despite ongoing deforestation. Accordingly, we only find a perverse effect for stock-based payments but
not for the back-loaded emission-based payments. An increase in
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With the concepts introduced in this article, it becomes clear
why back-loading improves conservation outcomes for emission-based payments. The onset of deforestation in “Optimal
Emission Based” depends on when the player accumulates Y capital and how much PES she receives over the remaining rounds.
Back-loading has a double advantage in delaying this onset of
deforestation: Capital accumulation is slowed down and at the
same time the return from the payments is increasing over time,
making the loss in PES larger in the time period when more capital is available.

4.3 Pros and Cons of the Conditionality Types in
the Real World

As shown above, the two conditionality types investigated both
have advantages and disadvantages. Thus the decision which
conditionality clause is more suitable also depends on policy
goals and funding capacities. If full conservation is the goal and
sufficient funding available, emission-based payments can achieve
full conservation at a lower total cost during the payment period. Nevertheless, stock-based payments are more cost-effective
in achieving delays in emissions. Note that the delay that can
be achieved under the conditions we investigate is almost two
decades in duration. While the exact numbers cannot be taken
at face value, this order of magnitude should also apply to the
real world. Apart from the direct value of the delay, such a long
period could be sufficient for other, more permanent policies to
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be implemented.

stock-based payments, while higher intensification potential for
emission-based payments only matters in the beginning of the
game when the constraint on intensifiable land is not binding.
Accordingly we expect to see an interaction between the effect
of different conditionality clauses and other agricultural policies
aiming to reduce the cost of intensification or introducing new
crops and technologies, which remain to be explored by future
research.

Finding the correct level of payment is more difficult for emission-based payments. Under emission-based payments the
conservation outcome depends on landowners’ capital availability, indicated by the importance of the value Y in the “Optimal
Emission Based” algorithm. In contrast, for the design of stockbased payments it is sufficient to know the difference in return on
investment between deforestation and intensification. Depending
on the role of governmental banks in the finance of agriculture,
this information may be available or not. In Central Brazil, governmentally subsidized credit programs finance most cattle ranches. Thus for this case the information requirements for designing
emission-based payments are met.
For real world applications, the robustness of a PES scheme
against changing market conditions should also be taken into account. As shown above, emission-based payments in our model favor “all or nothing” strategies. By contrast, stock-based payments
favor the in-between strategy of modest deforestation. Thus we
consider it more likely that changing conditions such as rapid
price movements or involuntary carbon emissions, e.g. due to fire,
are more likely to induce players to abandon conservation entirely
under emission-based payments.
The medium conservation strategy induced by stock-based payments, “Intensify First”, further has the advantage of increasing
cattle production above the baseline levels. Thus, there can be
additional benefits as the associated increase in supply may disincentivize deforestation for cattle expansion in other locations. As
shown in Reutemann et al. (2014, chapter 3 of this thesis), stockbased payments can be more cost-effective in reducing global CO 2
emissions than emission-based payments if such leakage effects
are strong. Assuming a sufficient number of ranchers participating in a PES program, the high demand for intensification might
also lead to a reduction in technology cost due to economies of
scale over time.
Additionally, we expect that including higher levels of intensification in the model would improve the conservation outcome of
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4.4 The Bigger Picture
Our simulation shows how including the details of a specific context can lead to unexpected results when modeling PES schemes.
But given the specificity of the assumptions required to derive our
results, we find it impossible to make any generalized statements
about all types of PES for all the various environmental services
that can be paid for.
So we conclude that while they are a powerful tool to delay deforestation for commercial, extensive land use, the role for PES for
stopping such deforestation permanently is limited. For a PES to
assure permanent reductions in deforestation, the payment needs
to match the return of the most intensive production possible on
that land and be paid indefinitely. At the same time, PES makes
more capital available, allowing higher degrees of intensification.
Accordingly, the payments required for an effective PES can be
expected to increase over time, reaching potentially very high
amounts.
PES schemes targeting avoided deforestation for commercial
production can best be understood as policies to bridge to a world
beyond the limits of growth, where agricultural supply outstrips
demand, making further expansion unattractive. Or, more realistically, until other policy measures prevent deforestation permanently despite the profitability.
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CHAPTER FIVE
Summary and Conclusions

1. Summary
This section gives a summary of the three core chapters of the
thesis “Designing Payments for Avoided Deforestation - Theoretical and Experimental Insights for the Case of Cattle Driven
Deforestation in Brazil”. Each of the three chapters is first motivated and then summarized in terms of process and results. The
following conclusions are structured as general conclusions for the
understanding of PES and REDD+, specific conclusions for the
case study of the cattle ranching sector in the state of Tocantins,
Brazil, and further thoughts.

1.1 Part One – Don Quixote and the Trees
This dissertation starts with a comparative analysis of the carbon
accounting rules currently used for REDD+ projects and the
accounting rules for renewable energy projects under the Clean
Development Mechanism (CDM) in chapter two. As emission
reductions, in contrast to carbon stocks or emissions, are non-observable, it is necessary to define calculation procedures in the
accounting. The incentive created by payments for reduced
emissions crucially depends on the definition of such calculation
procedures, putting carbon accounting at the core of payment
design.
1.1.1 Process
A general framework for carbon emission reduction accounting
is presented and used for a comparison of the accounting procedures of REDD+ projects under the Verified Carbon Standard
and renewable energy projects under the CDM. The comparison
includes the standard guidelines, one example methodology and
a stylized project. It unveils implications of the two accounting
systems regarding the problems of additionality, leakage and permanence. The differences are identified as caused by decisions in
accounting, not by differences in the underlying physical systems.
The analysis ends by proposing a Unified Carbon Accounting
System building on the strengths and using elements of both
mechanisms as well as the current proposals for Nationally Appropriate Mitigation Actions, which can be applied to emissions
from both forests and fossil fuels. The new system aims to solidify

201

both existing approaches in order to give the term “carbon emission reduction” a single and well-defined meaning.
1.1.2 Results
The main cause for differences in the problems encountered in
project development between REDD+ and the CDM was found
in the definition of baselines. While REDD+ uses absolute
baselines, defined ex-ante through land-use scenarios and independent of any continuously monitored variable, the CDM uses
relative baselines, where only an emission intensity per unit of
production is defined ex-ante. The amount of emission reductions
under relative baselines is dependent on continuously monitored
production, multiplied with the baseline emission intensity. This
approach requires the additional assumption of equal production
in the baseline scenario as with the project.
This difference in baseline accounting is at the core of the frequent assessment that REDD+ is doomed to fail if pursued on a
project level. It also creates the foundation for the criticism of the
CDM as a mechanism that does more for the increase of production than the reduction of emissions.
Taken together, we conclude that it would make sense to use a
combined approach, using absolute baselines at a jurisdictional
level but allow individual projects nested into jurisdictional programs using relative baselines.

1.2 Part Two – A Framed Lab-in-the-Field Experiment and Simulation
The second part of this thesis (chapter three and four) investigates
different approaches to compensate individual cattle ranchers
for avoided deforestation. We do so using a simulation game to
conduct a framed lab-in-the-field experiment. The game is a simulation of a typical cattle ranch in the Brazilian state of Tocantins
based on real-world prices and ecological parameters. The game
allows to introduce different types of PES payments. The payment types differ in the specification of conditionality, payment
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volatility and contract period.1) We first use the game to conduct
a framed lab-in-the-field experiment and later run a simulation on
the same game to investigate the effect of changing the absolute
level of PES.

the game. The game continued for another 21 rounds without any
payments. In the fifth treatment, the payments were continued
until the end of the game, but were only about half as high annually as in the other treatments.

1.2.1 Chapter three - Process
We designed a custom-made simulation game to model the decision situation of a frontier cattle ranch in Brazil, optimized for
the use with tablet computers. The players can increase production either by expanding extensive pasture through deforestation
or by intensifying existing pasture. The players’ decisions are limited by both a land- and a capital constraint. We used the game
to conduct a framed lab-in-the-field experiment with 346 cattle
ranchers and related stakeholders in Tocantins, Brazil.

1.2.2 Chapter three - Results
Stock-based payments were found to lead to a slow, but steady
deforestation, while emission-based payments suppressed deforestation more strongly. Despite significant reductions in deforestation rates in all treatments, none led to reduction in cattle
output compared to the control. Stock-based payments increased
cattle production while emission-based payments had no effect on
production compared to the control. Thus, depending on the level
of leakage, one or the other type of conditionality can be more
cost-effective in reducing global emissions.

The experiment introduced five different PES contracts as randomized treatments in the game in a between-subject design.
These contracts were using either emission-based or stock-based
conditionality, one of three pricing modalities and either a temporally limited or an infinite payment period, mimicking existing or
proposed PES designs.
Stock-based payments are proportional to the total area of forest
currently owned, while emission-based payments are based on
the difference between actual emissions and an emission baseline
scenario. Compared to stock-based payments, emission-based
payments are more sensitive to small changes in forest cover, but
not to the total amount of forest.
The three pricing modalities were fixed prices, a price following
the cattle price and a volatile price independent of the cattle price.
In four out of five treatments the payments ended in round 25 in
1) While we propose the use of relative baselines at a project level nested into
jurisdictions with absolute baselines in chapter two, this design was not tested
experimentally. We decided to rather test existing payment designs and test them
for compatibility with the approach proposed in chapter two. To investigate a nested
approach, we would need to introduce a large N interaction between many players,
as the amount of payments to individual projects would also depend on their joint
conservation outcomes, which is something we found difficult to address in a way
comparable to the other treatments.
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In the experiment, all treatments led to rapid deforestation once
the payment period ends. We attribute this to the accumulation
of financial capital by the players during the payment period. The
fifth treatment with lower, but continuous payments did not differ significantly from the other stock-based payments in the first
25 rounds but continued to have positive conservation outcomes
for the entire period of the game.
Pricing modalities had no significant effect in the experiment.
Note that this may be due to the level of payment being too high
- we had chosen the level of payment to approximately match the
return of the dominant land use without PES and a realistic price
per ton of CO 2 . As indicated by the positive conservation outcome of the temporarily limited, but lower payment, the payment
level we used in the experiment was higher than necessary to induce a conservation strategy, which we also show more rigorously
in chapter four. Accordingly, we suggest further research on the
issue of price volatility under capital constraints when payments
are very close to the minimum required to induce conservation.
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1.2.3 Chapter four - Process
We used the game as simulation tool, investigating it for parameter settings not realized in the experiment. For the simulation,
we adjusted the game to exclude risk and uncertainty by fixing all
prices for the entire game period for simplicity. To evaluate the
simulation, we designed deterministic decision algorithms based
on the experimental results. While not perfectly optimal, the
algorithms approximate the play of an experienced player putting
some effort into the game and making no mistakes. We used
those algorithms to run a simulation of the game for different levels of both stock- and emission-based payments to determine the
payment level required to make a conservation strategy attractive
and investigate the effect of payments above or below this level.

When comparing the cost-effectiveness of the conditionality types
in the simulation, we find that emission-based payments are more
cost-effective in achieving full conservation during the payment
period, while stock-based payments are more cost-effective in
achieving delays in emissions.

1.2.4 Chapter four - Results
In the simulation, we find that there are two levels of payment
that can be targeted by a policy maker: A low payment to induce
a medium conservation strategy or a high payment targeting full
conservation. The low payment can be significantly below the per
hectare return of the dominant land use without payments. This
is due to the availability of an alternative investment opportunity, namely intensification of existing pasture. A payment can
be sufficient to induce a medium conservation strategy when it
makes the return on investment higher for intensification than for
deforestation and extensive grazing.
The type of medium conservation strategy induced by a low
PES depends on the conditionality clause: Low, emission-based
payments lead to temporary full conservation, followed by rapid
deforestation. Back-loading of the payments delays the onset of
deforestation. Low, stock-based payments lead to ongoing, but
slowed-down deforestation, combined with immediate intensification of newly deforested land. A PES level above the minimum
required increases deforestation rates again. Payments below the
minimum required to induce a conservation strategy also increase the deforestation rate slightly compared to a player without
payments. We attribute both these effects to the relaxation of the
capital constraint.
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2.1 Limitations to the validity of the results for
real-world applications
The comparative analysis of chapter two idealizes from the reality
of climate policy making. We do not consider the role of political will, interest groups or diplomacy in the global UNFCCC
architecture. Accordingly, our analysis operates “as if ” a complex
political process was a design problem with a non-conf licting
solution. Accordingly, the system we propose is not considered
from a political feasibility vantage point but only as a normative
“design” solution. Additionally, many smaller, technical abstractions had to be made during the analysis, for example by ignoring
the role of non-CO 2 greenhouse gases.
The experimental part of the thesis has other limitations. A
primary concern with any lab experiment is external validity: It is
unclear and not feasible to verify in how far the situation modeled
in the lab induces the same behavior as the real world situation.
Our simulation game tried to approximate the real decision
situation much more closely than common in lab and framed
field experiments. Moreover, it should be noted that this criticism
holds even more strongly for any purely theoretical model.
Apart from this fundamental limitation of laboratory experimentation in the social sciences, our particular experiment and the
underlying model have further limitations: The most elementary
limitation is in the limit of land-use options to extensive and
(slightly) intensified pasture. Real-world land owners face a continuum of pasture intensity options and have a large number of
higher-intensity production systems such as confinements, soy or
sugarcane production available. This limitation could be relaxed
in future versions of the game, but needs to be kept in mind for
the following conclusions.
Further limitations include the statements over very long time
horizons derived from an interaction of a few hours, the real-world heterogeneity of rural properties or the range of simplifications in the economic and ecological models used for the game.

The simulation has the same general limitations as the experiment, as the same underlying model was used. Additionally, the
decision algorithms used in the simulation are a critical part.
While a classic simulation would use an optimal algorithm, we
do not believe that such an approach leads to a realistic result.
Nevertheless, we cannot guarantee that the close-to-optimal, but
simple and heuristic algorithms we used for the simulation are
realistic. Additionally, due to the lack of a fully automatized simulation software we only explored a small fraction of the potential
parameter space.

2.2 Generalizability
While both the experiment and the simulation were designed for
the specific conditions of the case study Tocantins, we expect that
our results should qualitatively replicate for other ranchers on forest frontiers. The main conditions driving our results are a capital
constraint and intensification potential, with a higher return on
investment for investments into expansion of extensive pasture by
deforestation than for intensification of existing pasture. These
conditions can be found in many locations on forest frontiers
around the world. For the PES schemes investigated to be realistically applicable, it is also necessary that the legal situation for
deforestation is clear and land-rights well defined. On the other
hand, the results presented here cannot be expected to extend
for example to deforestation for palm oil or soy, where the new
plantations driving deforestation typically operate at maximum
intensity already and the main actors are multinational companies
with less of a capital constraint. For deforestation by subsistence
smallholders, entirely different constraints and motivations are at
work, so our model should not be applied to this type of situation, either.
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2.3 General Conclusions

verge, but pricing has a decisive effect. With a dynamic analysis
where capital is constrained and profit accumulation is slow, the
opposite is true.

2.3.1 General Conclusion from Chapter Two
Our analysis in chapter two leads us to the general conclusion
that it would be very helpful for the international climate change
mitigation mechanisms if the direct link between obscure technical details of project level carbon accounting and the environmental integrity of the mechanism could be broken. It should be
avoided though to throw the baby out with the bath water: The
project based mechanisms have shown a great dynamic and are
a promising tool to translate international politics into concrete
action on the ground. Thus we propose a nested approach that
puts an upper limit to the amount of emission reductions that can
be credited to all projects in a jurisdiction by an absolute baseline
in the form of a no-lose target, together with carbon stock and
f lux monitoring.
With such an approach, we find the project level accounting of
the Clean Development Mechanism using relative baselines suitable for both emissions from fossil fuels and forests. The leakage
mitigation activities of existing, voluntary REDD+ projects give
an indication on the type of activities that could be credited with
relative baselines nested into jurisdictions with absolute baselines.
In particular, pasture intensification has a large potential to provide the same production as deforestation at lower emissions.
2.3.2 General Conclusion from Chapter Three and Four
Regarding conditionally types, our experiment and simulation
discussed in chapters three and four first show the importance
of design details: Different implementations of conditionality
design have been only marginally discussed in the literature on
PES and REDD+ so far, but lead to significantly different results
in our experiment. It was found particularly interesting that the
cost-effectiveness of the two conditionality types investigated in
our experiment reverses depending on assumptions about leakage.
On the other hand, price volatility has received a great deal of attention in the literature, but has no effect in our experiment. We
attribute this discrepancy to the prevalence of static equilibrium
analysis. In equilibrium, the different conditionality types con-
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In our results, the total amount of payments made was almost
identical for both types. While on the one hand stock-based
payments reduced deforestation less than emission-based payments, they increased production significantly on the other hand.
As increased production can lead to reduced emissions elsewhere
through leakage effects, the relative and absolute cost-effectiveness of stock-based and emission-based payments depends on the
level of leakage. The graph in figure 5.1 (reproduced from chapter
three) shows this effect.
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For stock-based payments, our simulation results also show how
getting the level of PES just right is not only important in terms
of cost-effectiveness but also in terms of environmental effectiveness, as both too little and too much PES can lead to an increase
in deforestation if the PES is below the level required to achieve
full conservation. The graph in figure 2 (reproduced from chapter
four) shows this effect. The Y-axis denotes the average annual
deforestation rate and the X-Axis the level of PES.

30

8

27.5

Average Rate of Deforestation
in cells per round

Leakage adjusted carbon mitigation cost
in USD / tCO 2

32.5

211

25
22.5
20

7
6
5
4
3
2
1

17.5

0

15

0 R$

Defoest and
Extensive is
dominant

12.5

2’500 R$
per cell

4’000 R$
per cell

Intensify ~Net annual
return of
First is
dominant extensive
Land Use

12’500 R$
per cell
Full Conservation is
dominant

Level of Stock-Based PES

0

20%

40% 60%

80% 100%

Leakage
Figure 5.1: Cost effectiveness of the two conditionality types depends
on leakage (reproduced from chapter three)

Figure 5.2: The effect of stock-based payments on average deforestation rates (reproduced from chapter four)
For emission-based payments, no such effect was observed. Low,
emission-based payments lead to temporary full conservation,
followed by rapid deforestation. Our simulation showed a stepwise reduction in deforestation at the point where the minimal
emission-based payment was reached and then a linear delay of
the onset of deforestation with increasing payments until full
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conservation during the payment period was reached. The graph
in figure 2 (reproduced from chapter four) shows the effect of
emission-based payments. As for all emission-payments the dominant strategy is one of full, temporal conservation followed by
rapid deforestation, the decisive variable is the year of the onset
of deforestation (on the Y-axis). Without PES, this is in the first
year; at the payment required for full conservation, it is in the last
year of the payment period.

factors make deforestation unattractive. For real-world implementations, we suggest to stick to the current practice of moderate back-loading for emission-based payments and highlight the
importance of this rule.

Year of onset of
deforestation

First
Year

End of
Payment
Period 0 R$

18 R$/tCO 2
Optimal Emission-Based
becomes dominant
Level of Emission-Based
PES

44 R$/tCO 2
Full Conservation
Temporary becomes
dominant

Figure 5.3: The effect of increasing level of emission-based PES on
the onset of deforestation (reproduced from chapter four)
The simulation results showed the importance of back-loading of
emission-based payments. With back-loading, players have less
capital to invest into deforestation in early rounds and more PES
to lose in later rounds. Back loading delays the onset of deforestation in the temporal conservation strategy. While we only
evaluated two different levels of back-loading in the simulation,
our results indicate that the slope of the curve in figure 2 between
the minimum payment and the payment level required for full
conservation depends on back-loading. A delay in deforestation
can be a well justified policy goal to bridge the time until other
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As the robustness of a PES scheme against changing prices should
also be taken into account, our results indicate that stock-based
payments are more likely to avoid rapid deforestation as result
of shocks. This is because emission-based payments favor “all
or nothing” strategies while stock-based payments favor “in-between” strategies.
Regarding opportunity costs, our experiment and simulation also
show how the classical calculation of opportunity cost of deforestation as the average per hectare return of the currently prevailing post-deforestation land use is misleading for capital-constrained farmers with more than one land-use option. When the
capital constraint is binding, the opportunity cost of investment
is more relevant than the opportunity cost of land. Thus a PES
only needs to be high enough to make the return of an investment in intensification of existing land higher than the return of
deforestation and extensive use. Such a PES can be significantly
lower than a PES chosen to match the absolute per hectare return
of extensive use.
On the other hand the cost of ongoing conservation rises once no
more intensifiable land is available. If no further intensification
is possible, the classic calculation of opportunity cost applies.
Nevertheless, the cost of ongoing conservation will be higher than
estimated based on an initial calculation based on the prevailing
land use without PES, as the prevailing land use with the PES is
more intensive, thus generating higher per hectare returns.
Accordingly, the standard approach for the calculation of opportunity costs is only applicable if intensifiable land is constrained
or if no further intensification technologies are available. Such
dependencies of opportunity costs on capital availability and
intensification potential need to be taken into account when estimating the cost of REDD+. Using only the return of the currently
dominant land use for the calculation of the cost of conservation
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seems to overestimate the cost in the beginning, but underestimate it in the long run.

Accordingly, we suggest a clearer differentiation of conservation.
Both a permanent conservation and a reduction in deforestation
rates are legitimate policy goals, but different tools are required
to achieve them. Accordingly, our answer to the “big question” of
intensification and deforestation is: Intensification can slow down
deforestation if it absorbs large amounts of capital that would
otherwise be invested into deforestation. It cannot lead to permanent conservation though, as it actually makes deforestation even
more profitable.

For real world implementations, we conclude that PES schemes
are most suitable and effective for land owners who have access to
both intensifiable land and forest. It might be advisable to allow
for and promote joint ventures between land owners with large areas of forest and others with large amounts of already deforested,
intensifiable land. Access to information and support in intensification can also be expected to lower the cost of PES. Nevertheless, strong subsidies or credit expansion for intensification
should be avoided, as one important function of intensification
is to absorb capital. Detailed information on the cost structure
and capital availability of land owners is crucial to determine the
level of PES, making them an information-intensive policy tool,
only suitable for situations where the policy maker has strong
knowledge of the land owners financial situation and production
systems.
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2.3 The Bigger Picture

Regarding capital constraints it is sometimes argued that a relaxation of capital constraints can lead to conservation (e.g. Groom
& Palmer 2010). Our model shows that the opposite can also be
true: For the players in our game, the less capital is available, the
better for conservation. We identify the reason in the absence of
“eco-entrepreneurs” from our model. In contrast to “eco-entrepreneur” models, the payments in our model are for abstaining
from an investment, not for actively investing, e.g. in eco-tourism
or sustainable forestry activities. If introduced in the game, a
payment for intensification could induce a reduction in deforestation rates, but never full conservation.3) Accordingly, we identify
the relaxation of the capital constraint associated with PES as a
downside for payments for avoided deforestation to cattle ranchers and suggest to minimize it.

Our work contributes to the long-standing debate whether intensification contributes to conservation (or the other way round),
or whether intensification even harms conservation. In our game,
subsidies to conservation increase intensification, confirming the
conclusion of Kaimowitz, & Angelsen (2008) that conservation
drives intensification. Nevertheless, there is a caveat: A direct
subsidy to intensification could make the “Intensify First” strategy attractive in the game, but no matter how large such a subsidy
is, in contrast to PES it could never achieve full conservation. 2)

One way to introduce PES but avoid the use of the additional capital for deforestation could be for a governmental bank to accept
a forest under PES as collateral for loans dedicated to intensification, and only grant the PES if such a loan is taken. With this
more sophisticated approach, ranchers would be forced to invest
their PES into intensification and thus cannot use it to deforest
later or in other locations. This suggestion of credit-based PES
has been made before by Cranford & Murato (2012) in a context
of agroforestry.

2) We did not formally show this in the simulation, but it follows trivially from the
model properties: A subsidy to intensification can increase the ROI of intensification
above the ROI of deforestation for extensive use, making “Intensify First” dominant.
It does not however introduce an opportunity cost for deforestation and thus cannot
make deforestation and subsequent intensification less attractive once the land constraint on intensifiable land becomes binding.

3) For the same reason we mention in chapter two that the additionality test for
REDD+ projects needs to include a check on capital availability. Such a check was
not necessary for CDM projects, which pay for an active investment (e.g. in a renewable energy production site).

For highly intensified land users, PES is not a particularly
promising tool as the opportunity cost are extremely high. Other
policy instruments will have a role to play then.

216

Conclusions

We conclude that the optimal PES design depends on policy makers goals, information and budget constraints. The results above
give some indications which conditions favor what type of PES
design. But while they are a powerful tool to prevent deforestation
for extensive land-use, the role for PES for stopping deforestation
permanently is limited. In any case, for a PES to permanently
reduce deforestation, the payment needs to match the return of
the most intensive production possible on that land and continue
indefinitely. At the same time, PES payments make more capital
available, allowing higher degrees of intensification. Accordingly,
the payments required for a PES can be expected to increase over
time, reaching potentially very high amounts. Thus PES schemes
can best be understood as policies to bridge to a world beyond the
limits of growth were agricultural supply outstrips demand, making further expansion unattractive. Or, more realistically, until
other policy measures prevent deforestation permanently despite
the profitability.

needs to be eligible for an agricultural loan high enough to prepare and stock the land under consideration. While a license to
deforest is a standard requirement for REDD+ projects, we find
the proof of capital availability a crucial second factor to ensure
additionality. Particular attention is required to make sure there
is no negative interaction with other forest legislation. In particular the rules of the new forest code on trading legal reserve areas
needs to be considered. Interactions between the policies will
require further analysis. We would suggest to exclude any area
from the PES that is used as legal reserve, no matter if by the land
owner himself or traded to another land owner.

2.4 Conclusions for Tocantins

We also suggest to combine PES with information on sustainable
intensification of pasture. It should also be considered to allow
and encourage joint-ventures between owners of intensifiable pastures and land owners with forest areas and a license to deforest.
This suggestion is based on the issue that our model represents
a ranch with initial conditions of 80% forest and 20% extensive
pasture, but in reality individual land holdings vary between
0 and 100% of forest. In other locations with less information
available to policy makers from governmental banks, stock-based
payments may be more advisable as their effect is less sensitive to
capital availability.

For the specific case of Tocantins, the capital availability of
most ranchers can be known from the data of the governmental
agricultural loan scheme. In this particular case, emission-based
payments can be designed to be a cost-effective solution. The PES
designed we investigated as treatment T2, using a fixed (inf lation-adjusted) carbon price of 20 R$, and a back-loaded baselines
seems suitable. As Tocantins is also a biodiversity hotspot due to
its unique location at the boarder between the Amazon and the
Cerrado biome, biodiversity protection is also an important policy
goal. We thus suggest aiming at a full conservation strategy,
which can be achieved more cost-effectively with emission-based
payments. Furthermore, emission-based payments are more
compatible with the Kyoto protocol (Anglesen, 2008), making it
potentially easier to integrate such payments with the emerging
international REDD+ architecture.
To improve additionality of the PES, we suggest to make eligibility for PES dependent on two factors: First, a license to deforest
should be pre-requisite for receiving PES. Second, the land owner
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The environmental integrity of the PES could possibly be further
improved if the PES are not paid out in cash but can only be
used as pay-back for intensification loans with the governmental
banks. Such a PES scheme would be less attractive to ranchers but
help to avoid non-permanence or leakage by absorbing the capital
right away.
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Conclusions

2.5 Further thoughts and future research
suggestions

carbon accounting, but this is only an initial idea requiring further analysis.

Our analysis in chapter two is one of many examples showing
how complex and difficult the details of carbon accounting on a
project basis are. Accordingly, we suggest a system in which the
environmental integrity no longer depends on the technical details. Only if environmental integrity is no longer hidden behind
complex technicalities, it can be expected to adhere to a democratic will formation. In principle, we suggest an extension of
the system currently used for the Annex I countries who ratified
the Kyoto Protocol, but with a stronger role for joint implementation projects and a no-lose clause for non-Annex I countries.
Following this thought further, it could in principle be considered
to support project level climate change mitigation in Annex I
countries by allocating emission allowances to them via relative
baselines, too. In such a system, firms under an emissions trading
system would no longer receive all allowances by grand-fathering
or auctioning directly from the state government, but individual
project developers could gain access to such allowances by emission reduction projects in Annex I countries. If nested into the
system as described in chapter two, such project level crediting
in Annex I countries should in principle work just as well as in
developed countries, potentially removing the perverse effect of a
cap-and-trade system that individual emission reduction efforts
relax the pressure on industry to reduce emissions.

Methodologically, a more stringed method to derive smart heuristic decision algorithms from experimentally observed behavior
would make our approach of combined experimental work and
simulation more robust and reproducible. It should also include
a technical solution to running simulations using such decision
algorithms fully automatically.

For the farther future, such a system has another advantage: It
can be expected that it will be necessary to reduce demand for
carbon intensive goods and services and not only increase low
carbon production. Under the system we propose it would become
less problematic to credit project types that are more difficult to
quantify, such as changed consumer behavior. “Service provision”
could for example be defined as “feeding of school children” instead of “production of beef ” or “construction of housing” instead
of “production of steel and cement” without losing environmental
integrity in the complex technical details associated with accounting for such indirect carbon project types. This way, reduced
demand for products linked to emissions could be included in
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Regarding the experiment and simulation, we hope that the game
can be re-used, modified and extended by us and other researchers. Our favorite features for future versions are more land use
options, in particular including higher levels of intensification
and reversibly of land use, but with realistic delays (e.g. 20 years
for reforestation). It would also be worth to develop a smart
and low-effort way to run an incentivized experiment online,
as it would allow significantly larger sample sizes. With such
large sample sizes, it would also become feasible to test a nested
treatment where the individual payment depends on the aggregate
deforestation of a large number of players, as suggested in chapter
two.
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ANNEX 1 – I: Original Equations
1-I.1 The equation for calculating the emission reductions in the example methodology of
the RE CDM
(UNFCCC, 2012b, page 8)
ERy = BEy - PEy
Where:
ERy

=

Emission reductions in year y (tCO2e/yr)

BEy

=

Baseline emissions in year y (tCO2/yr)

PEy

=

Project emissions in year y (tCO2e/yr)

BEy is further specified as (UNFCCC, 2012b, page 8):
BEy = EGPJ,y * EFgrid,CM,y
Where:
EGPJ,y

=

Quantity of net electricity generation that is produced and fed into the
grid as a result of the implementation of the CDM project activity in
year y (MWh/yr)

EFgrid,CM,y

=

Combined margin CO2 emission factor for grid connected power
generation in year y calculated using the latest version of the “Tool to
calculate emission factor for an electricity system” (tCO2/MWh)
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1-I.2 The equation for calculating the emission reductions in the example methodology of
the VCS REDD+
(VCS, 2012c, page 15)
ΔCREDD,t = ΔCBSL – ΔCp – ΔCLK

Where:
ΔCREDD,t

=

Total net greenhouse emission reductions at time t; tCO2e

ΔCBSL

=

Net greenhouse gas emissions under the baseline scenario; tCO2e

ΔCp

=

Net greenhouse gas emissions within the project area under the project
scenario; tCO2e (from M-MON)

ΔCLK

=

Net greenhouse gas emissions due to leakage, tCO2e “

Under the general framework, this is equivalent to equation (2) when substituting ΔCREDD,t with
ER, ΔCBSL with E(t)BL and (ΔCp + ΔCLK) with E(t)OB + E(t)leakage as by equation (7)
M-Mon is the “Module Monitoring”.
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ANNEX 2-I: GAME DESIGN PROCESS AND GAME
DETAILS
2-I.1 GAME DESIGN PROCESS

The game was designed to be as close to the reality in Tocantins as possible, without getting too
complicated to comprehend. We thus decided to first reduce the decision situation of a rancher
to a very simple model with few decision options and then approximate the prices for those
options. For example, labor cost and cost for labor housing was included in the buying price of
calves and cost for pasture establishment was included in the price for deforestation. We also
excluded any economies of scale, transaction cost, learning cost or other non-linear effects from
the game to improve players understanding. We do not expect such effects to qualitatively change
our results, as we are using average values. Nevertheless, we recommend public support for the
first pilot project, as transaction and learning cost for REDD+ projects can be prohibitively high
when no previous example exists and significant up front investment at risk is usually required.
Our results should thus be interpreted for effects of payment policies once established.
Most of the prices in the model were derived from an internal and, unfortunately, confidential
spreadsheet used by Banco di Amazonia to calculate loans to farmers in Tocantins. These were
further refined and confirmed in interviews with Prof. Rubens Ribeiro da Silva, former
agricultural consultant and now Professor at the Agricultural Department of the University of
Tocantins, Gurupi and Mr. Corombert Leão de Oliveira, responsible for cattle ranching at the
Secretary of Agriculture (SEAGRO) and himself owner of a large ranch.
Prior to the technical implementation, the model design was embedded in a participatory process
and the problem framing was developed in extensive interviews with the above-mentioned
stakeholders as well as a number of Tocantins ranchers. We decided to model a fattening ranch,
in contrast to a calve-rearing ranch, as they are typically located closer to the centers of
deforestation in the North of Tocantins. While the returns and working capital requirements
differ substantially between the two types, the land-use options are the same, suggesting that our
results should extend fairly well to calve-rearing ranches, too.
Once technically implemented, we pre-tested the game again in 6 sessions with ranchers and
technical ranch advisors from SEAGRO and conducted further interviews on the realism and
intuitive understandability of the game. Next to some minor adaptations, one major change was
made in the pre-testing: Instead of starting the game with zero initial endowment and a
1’000’000 R$ credit limit at low interest (which was more realistic) we adapted the game to
1’000’000 R$ initial endowment and zero credit limit. While not altering the gameplay for an
experienced or analytically well versed player who knows that operating at the credit limit is
optimal, it made the game much faster to understand and reduced the variability between players
performance drastically.

2-I.1.1 Deforestation
The price for deforestation was the most difficult parameter to identify in the field. Most sources
(SEAGRO and the spreadsheet from Banco di Amazonia) indicate a price of approximately 3’000
to 5’000 R$ per hectare for deforestation, making deforestation highly unprofitable. On the other
229

hand, the difference in land price between forest and pasture was quoted by the same sources as
less than 1’000 R$ per hectare and deforestation is widespread and ongoing in the region, giving
us doubts about this information. It should also be noted though that those initial sources were
governmental and thus had an official anti-deforestation policy, at least in communications. For
example Banco di Amazonia officially does not give credit for deforestation.
Further investigation lead to the insight that the cost cited by the first sources excluded any
revenue from selling wood. Prof. da Silva explained that deforestation has an actual zero cost if
the wood is sold for charcoal. Several farmers interviewed during the pre-testing also confirmed
this4.
Accordingly, in the game, we used zero as price for deforestation, but added the price for seeds
and pasture establishment on newly deforested land. According to Banco di Amazonia, this value
is 600 R$ per hectare on average, excluding cost for labor and gasoline. Labor and gasoline cost
were estimated at 120 R$ / per hectare by Prof. da Silva, who also confirmed the value of 600
R$ for seeds and calcium from Banco di Amazonia. We thus used a cost of 720 R$ per hectare,
respectively 18’000 R$ per cell in the game for deforestation.

2-I.1.2 Intensification & Maintenance
We used a very simple and low cost form of pasture intensification in the game. The technology
modeled is only rotational grazing and annual replacement of nutrients through low-level
fertilization.
The cost for fencing and other equipment required for a rotational pasture was supplied by the
Banco di Amazonia spreadsheet at 1’680 R$ per hectare, thus 42’000 R$ per cell in the game.
It was less clear how much to add for annual maintenance and fertilization, as the equipment
breakdown time was not available and the fertilizer costs varies widely depending on local soil
condition. Our initial calculations based on the Banco di Amazonia spreadsheet came to 200
R$ per hectare per year, which was considered too low by Prof. da Silva and Mr. Oliveira. At
their suggestion, we used a value of 320 R$ per hectare per year, respectively 8’000 R$ per cell
per year in the game.
2-I.1.3 Recuperation
Banco di Amazonia did not provide per hectare data for recuperation of degraded land, but only
the costs for individual fertilizers. We thus used a value provided by Mr. Oliveira of SEAGRO
and confirmed by Prof. da Silva of 1’400 R$ per hectare for fully degraded land, respectively
35’000 R$ per cell for a cell of 10 points of degradation. We spread this cost linearly over lower
levels of degradation, which is a rough approximation.
2-I.1.4 Land Price
The Land Prices in the game were taken directly from Banco di Amazonia, using the average
value if a range was provided:

4
On the side, this also lead to the insight that the “no credit for deforestation” policy by the bank can be considered a fig leave policy, as
deforestation has zero cost and the bank does give credit for “pasture establishment”, the first step after deforestation that has a real cost.
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Forest: 25’000 R$ per cell
Pasture: 45’000 R$ per cell
Intensive Pasture: 65’000 R$ per cell
Degradation: -2’000 R$ per point of degradation
We did not have values from Banco di Amazonia for degraded land. We instead used the lowest
end of the range given for pasture value to estimate the price for fully degraded pasture and
adjusted the land value of pasture linearly in between.
In Treatment 5, we increased the land value of forest to 40’000 R$ to account for the ongoing
payments. This was based on a NPV calculation of the payment, using the implicit discount rate
implied by the price difference by forest and pasture cells under the assumption of a constant
cattle price, which is 16.5%.
Note that we excluded the “pure” land-value (“terra nua” in Portuguese) from all land prices.
This does not alter the difference in land value between different land types and thus is expected
not to change the incentives for the players, but reduces the flat payment given to the players.
2-I.1.5 Cattle Price
Current cattle prices were supplied by Banco di Amazonia and confirmed by Prof. da Silva and
Mr. Oliveira. The real price ratio between calves and cattle varies over time and depends on
various factors such as time of the year of the transaction and individual weight. 50% appears to
be a good first approximation for the ratio of calve to cow prices. One year old cows are valued at
approximately 70% of the price of two year olds.
5’500 R$ is an approximation of the amount required for labor, medical and other cost for
raising 25 animals for two years. This value is also derived from Banco di Amazonia and
confirmed by Prof. da Silva and Mr. Oliveira.
Thus the buying price for a calve was set to 50% of the cattle price + 5’500 R$, while the selling
price was 50% of the cattle price for calves, 70% of the cattle price for one year olds and 100% of
the cattle price for two year olds.

2-I.1.6 Cattle Price Development
We used the historic farm-gate cattle prices in Tocantins (supplied Fundação Getulio Vargas,
Brazil) and further adjusted for inflation, starting in 1999, the first year after the Brazilian
hyperinflation event. 5 From this historic distribution, we derived an inflation adjusted mean
increase and standard deviation to calibrate a random walk model for the future prices.
Note that the price development was generated randomly once but then fixed for all players. This
was necessary to create comparability between the players and reduce noise.

5

The Inflation rate was taken http://www.inflation.eu/inflation-rates/brazil/historic-inflation/cpi-inflation-brazil.aspx
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2-I.1.7 Carbon Price
We used a starting price of 20 R$, resp. 10 USD. This price was chosen by the authors as a
realistic carbon price based on historic carbon prices, and also happens to be just above the
opportunity cost of extensive grazing when calibrating treatment 3 and 4.

2-I.1.8 Carbon Price Development in T1
We used historic Clean Development Mechanism (CDM) prices from Point Carbon to derive a
standard deviation. We decided to have no mean change in the future carbon price, while the
historic CDM prices had a strong net decrease over time. The carbon price in the game was
created using a random walk model with a floor at a price of zero.
We deliberately picked a random distribution that included one price drop to zero, as we consider
such price drops to zero non-random events when the price is determined in a cap-and-trade
scheme. See Annex 2-I.2.3 for the numbers & the graph.
Note that the price development was generated randomly once but then fixed for all players. This
was considered necessary to create comparability between the players and reduce noise.
2-I.1.8 Fixed Cost
This value varies widely in the real world as farmers have different lifestyles and off-farm incomes.
It was thus defined by the researchers to adjust the difficulty of the game within the range of
possible real world values. During the experiment, an annual cost of 75’000 R$ was used. Note
that the personal costs do not influence the profitability of different land use decisions and the
results should be robust for other values.
2-I.1.9 Degradation Model
The degradation model is following an ecological growth model (Martha Júnior et al., 2003), and
was further adjusted and confirmed by Prof. da Silva. While the speed of degradation is realistic,
the model simplifies the impact of degradation on cow growth. In the model, the cow growth is
constant between 0 and 8 points of degradation. In the real world, the interaction is more
complex as cow growth decreases with degradation. Also the natural regeneration in the game is a
strong simplification, as a real pasture regenerates at first but then starts to overgrow with shrubs
and eventually trees when left alone for several years.
2-I.1.10 Credit
Most ranches in Tocantins are credit financed by governmental banks at very low interest rates.
Nevertheless, we found that most players did not take credit up to the credit limit of low interest
loans in the game during pre-testing, when the game was implemented modeling this form of
finance explicitly. Additionally, we found it difficult to implement a realistic, inflation adjusted
model of the low-interest loans, as the inflation adjusted interest rate is approximately at negative
2%. We thus decided to approximate the financial situation by giving the entire credit limit as an
initial endowment. The game was found much easier to comprehend after this adjustment.
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2-I.1.11 Baseline Emissions (Treatment T1 and T2)
To derive the baseline emissions, the game was played in the control treatment, following a
“Deforest and Extensive” strategy as formalized in Annex 3-I. Using this strategy, by round 8 the
entire area is deforested. The resulting deforestation over time was stretched by a factor of a little
more than three, leading to a 25-year baseline. The heuristic leads to a stepwise deforestation with
high deforestation in the first year and increasing peaks of deforestation every two years, and
another high peak after eight years, which was smoothened by approximating the stepwise
increase with a parabolic function. A parabolic function was found a better fit to the stepwise
deforestation over time curve than linear or exponential functions. We did not want to use a
more complex function than that to avoid confusion. This procedure was chosen to reflect the
VCS guidelines as closely as possible.

2-I.2 FORMAL DESCRIPTION OF THE GAME
2-I.2.1 Variables and Functions
The game is object based. Cells and Cows are objects with state variables.
Cows have only one state variable, age.
Cells have a state variable of land use type, which can have the values “extensive pasture”,
“intensive pasture”, or “forest” and, if in “land use type = extensive” pasture, they have another
state variable for “degradation”. “Degradation” is always >=0. Every cow is located on a cell in
the state “extensive pasture” or “intensive pasture”, defining another cell variable, namely “Cows
on Celli”. “Cows on Celli” is always =<3. The total number of cells is fixed to 64.
Additionally, there are three global variables: “Savings” and the related variable “Loans”, which
limit the actions that can be performed by the player. “Cow Price” is exogenously determined
and influences both costs and returns for the player.
The player has the following action options. If an action option has a cost or revenue, “savings”
is updated immediately during the round. The player cannot take action options that have a cost
higher than “savings”.
“Deforest” changes the “land use type” of a cell from “forest” to “extensive pasture” and zero
degradation. Deforestation has a cost of 18’000 R$ per cell.
“Restore” changes “degradation” of a cell to zero. Restoration at round t can only be applied to
cells where “Cows on Celli (t)” = 0. Restoration has a cost of 3’500 R$ * “degradation”.6
“Intensify” changes the “land use type” of a cell from “extensive pasture” to “intensive pasture”.
Intensification can only be applied to cells where “degradation” is < 5. Intensification has a one
time fixed cost of 42’000 R$.

6
As a result, cells cannot be used for one year when using restoration. Restoration is in the game primarily to make mistakes in degradation
management leading to degradation >8 reversible. It is generally not profitable, unless mistakes have been made earlier.

233

“Buy Calve” Adds a cow with “age” = 0 to a cell. The cost is 50% * “Cow Price” + 5’500 R$.
“Sell Cow” Removes a cow. The return depends on “age”.
Return (Sell Cow, age = 0) = 50% * “Cow Price”.
Return (Sell Cow, age = 1) = 70% * “Cow Price”.
Return (Sell Cow, age >= 2) = 100% * “Cow Price”.7
“Move Cow” moves a cow from one cell to another. This action has no cost.8
The state variables evolve in the following way from round t to round t+1 :
Aget+1(Cowi) = Aget(Cowi) + 1
Degradationt+1(Celli) = Degradation(Celli) + (Number of Cows on Celli)2 + (IF (“Number of
Cows on Celli = 0” THEN “-1” ELSE “0”);9
The global variables evolve in the following way from round t to round t+1
savingst+1 = savingst – loanst – 75’000 – 8’000 * number of cells where “land use type = intensive
pasture”.10
IF savingst+1 >= 0 THEN loanst+1 = 0.
IF savingst+1 < 0 THEN loanst+1 = 125% * savingst+1 and savingst+1 = 0. 11
Cow Price(t) was modeled using a random walk with the same variance as historical cow prices in
Tocantins, using a single, fixed price evolution for all players. At round t, the graph is visible till t
to the players. Future prices are uncertain to the players.

7

Accordingly, it is never profitable to keep cows longer than 2 years.

8

Move cow is useful to manage degradation. This option is rarely required by a player planning ahead.

9
Every round, extensive pasture regenerates by 1 point per round if no cows are on it and degrades by one point if one cow is on it. It degrades
faster if more cows are on it (4 points for 2 cows, 9 points for 3 cows).
10

75’000 are fixed costs every round. Intensification has a maintenance cost of 8’000 per cell per round.

11
Loans are included in the game only as a buffer to prevent bankruptcy due to small mistakes. The interest rate is 25%, which is an average credit
card interest rate in the region. It is never profitable to go into loans. The game assumes that players are already at their regular credit limit due to
the initial endowment. Players cannot actively take loans.
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Figure III – 1 : Cow Price evolution over time

2-I.2.2 Initial Values
Cow Pricet=0 = 40’000 R$
Savingst=0 = 1’000’000
State(Celli<14) = Pasture
State (Celli>= 14) = Forest
Degradationt=0 (Celli<14) = 0
For all i, number of Cows on Celli = 0
2-I.2.3 Additional Payments in the Treatments
For the Emissions Based Treatments with payments conditional on avoided deforestation (T1 &
T2):
Savingst+1 = savingst – loanst – 75’000 – 8’000 * number of cells where “land use type = intensive
pasture” + Emissions Soldt * Carbon Pricet
Where
IF (Carbon BudgetBaseline,t – Carbon Budgetactual,t) > 0 THEN Emissions Soldt = (Carbon
BudgetBaseline, t – Carbon Budgetactual, t) ELSE Emissions Soldt = 0
Carbon Budgetactual,t+1 = Carbon Budgetactual,t + Emissions Soldt +“Number of Cells Deforested in
round t+1” * 5’00012
Emissions Soldt=0 = Carbon Budgetactual, t=0 = Carbon BudgetBaseline, t=0 = 0
The Carbon BudgetBaseline, t is defined by the following table

12
The number of cells deforested is calculated after all action options are performed, once the player clicks on “next year”. Therefore the number
of cells deforested has an index of t+1, not of t.
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Table 2-I – 1, Cumulative Baseline Emissions (Carbon BudgetBaseline) in tCO2/year
1

2

3

4

5

6

7

5’000

10’100

15’300

20’700

26’300

32’150

38’300

8

9

10

11

12

13

14

44’800

51’700

59’050

66’900

75’300

84’300

93’900

15

16

17

18

19

20

21

104’200

115’200

127’00

139’600

152’100

167’500

182’900

22

23

24

25

26

27

28

199’300

216’750

235’300

255’000

0

0

0

For t > 25, Carbon BudgetBaseline, t = 0.
T1
Carbon Price(t) is defined by the following table for T1

Table 2-I – 2, Carbon Prices in T1 in R$ / tCO2
1

2

3

25.66

24.6

26.5

11

12

13

19.33

20.9

21

22

23

9.32

19.37

24.1

4

5

23.73 19.38
14

15

29.88 25.45 25.63
24

6

7

8

9

10

9.38

6.42

0

8.74

14.38

16

17

18

19

20

28.3

27.95 24.64 21.33 15.66

25

23.06 26.32

T2
Carbon Pricet is always 20R$
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For the Stock Based Treatments with payments conditional on forest standing (T3, T4 & T2):
Savingst+1 = savingst – loanst – 75’000 – 8’000 * number of cells where “land use type = intensive
pasture” + “Number of Cells with (land use type = forest)” * Per Hectare Price
T3
Per Hectare Pricet = 4’000 R$; till round 25, then zero
T4
Per Hectare Pricet = 4’000 R$ + (Cow Pricet – 40’000)* 0.15 R$; till round 25, then zero
T5
Per Hectare Pricet = 2’100 R$; for all rounds.

ANNEX 2-II: RECRUITING AND INSTRUCTIONS
The ranchers were recruited through capacity building programs conducted by agricultural
extension services (SEAGRO, SEBRAE and ADAPEC) in Tocantins from October 2013 to
December 2013. Additionally, ranchers’ family members and students of ranching-related
subjects were recruited through the local universities. The sessions were played in various cities at
university classrooms, seminar rooms of the agricultural extension service and occasional hotel
conference rooms or other rancher meeting points. The game was pre-tested with students,
ranchers, ranchers’ family members and employees of the agricultural extension service. We also
allowed employees of the agricultural extension services to participate in the experiment, but
excluded them from the analysis, as we did not have a sufficiently large number (N=16) to test
whether they behave differently from the other player groups.
As we had no secure way of testing whether a student truly was a family member of a rancher, we
did not exclude students not affiliated to ranches from the experiment, as this would have set an
incentive to wrongly report ranch-affiliation. The ranch owners and ranch owners’ family
members who participated in the game were affiliated to ranches between 17 and 7’600 ha with
an average of 500 ha. We had slightly more male than female in the sample with a ration of 140
to 206.
The payoff was calculated as the sum of savings and land value at the end of the baseline phase
plus the sum of savings and land value at the end of the treatment phase. The baseline phase was
shorter than the treatment phase, thus 80% of the maximum payoff could be made in the
treatment phase. We used an “exchange rate” of 2 R$ (approximately 1 USD) real money for
1’000’000 R$ of in-game money in the two incentivized phases (baseline phase and treatment
phase). The players could earn up to 115 R$ in the game and received a minimum reward of 30
R$ if they made less. This rather high value was chosen as the most important stakeholders are
large ranch owners who are the wealthiest individuals in the region and a lower incentive would
not have been taken seriously and potentially considered insulting. Even at 110 R$ the larger
ranchers considered the reward as only of symbolic meaning.
At each session, ten players are gathered in one room, sitting on tables, each with a 10.1-inch
tablet computer and a set of earphones. As all players play with earphones, including background
music and sound effects of the game, verbal communication is difficult and was rarely observed
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during the game. While it was found a cultural impossibility to prohibit all communication
among the players especially at the beginning of the sessions, we made sure that there was no
talking during the Baseline- and Treatment Phase of the game.
Once all players had arrived a short introductory presentation was given by the experimenters,
explaining the purpose of the game and the relevance of the subject for the participants. After this,
the rules of the game were communicated in private via a video on the tablets. Additionally, each
subject had two A4 pages with visual instructions, repeating the content of the video.
The video was followed by the Training Phase, in which the players could re-start the game at
will and ask questions. The Training Phase was interrupted three times for further explanations of
the functioning of the game.
The first interruption was done five minutes after the last player finished the video to repeat three
issues explained in the video, which were found to be frequently misunderstood by the
participants in the pretesting. The slide “Some Advice I” that can be found in the introductory
presentation was not shown to the participants, as the advice was given only verbally and in
Portuguese. This procedure was found more effective in the pre-testing than working with slides.
First, it was made clear again that it is allowed to deforest the entire game area. Second, the
degradation model was explained again. Third, it was repeated that the goal of the game is to
make profit and the only way to make profit is to buy calves and sell cows, ideally after two years.
The second interruption follows five minutes later and explained how to avoid the “non-sense”
play mentioned in Box I on page 8. The experimenter gathered all participants and showed some
life gameplay. This procedure was preferred to using another video, as during the pre-testing it
became clear that attention to videos is lower than to a life presentation. The second advice was
introduced as very important and elementary to making any profit in the experiment, using the
following wording (in Portuguese translation):
“This tip is the most important. If you pay attention now, you will make good profit and enjoy
the game. If you don’t understand this, you will not make any money at all and the game will not
be very interesting. There are two key principles in the game. The first principle: Pasture without
animals does not make profit. So, whenever you have empty pasture with low degradation, it is
most important to buy animals. This is the first thing to check every year – do I have empty
pasture? Do I have money? If yes, buy animals!”
During this, the experimenter showed how to buy one animal per cell of pasture in the first year
of the game.
“But now the second principle: Money on the bank does not make profit. See, I still have more
than half a million Reais on my bank account and no more empty pasture. So now it is time to
invest more. This is where the game gets interesting, because you have several options to invest.
First, you can buy two calves per cell. This will degrade the land much faster, but also gives more
profit per cell in the next year” (Experimenter illustrated buying a second calve on 3 cells in the
game.))
“Or you can invest in the land. There are three options to invest in the land: First, you can
deforest” (Experimenter illustrates deforesting 3 cells in the game) “but now, I have empty
pasture again. So deforesting alone does not make profit. Remember the first principle. I also
need to buy calves on this new pasture to make it profitable.” (Experimenter buys one calve per
cell on the 3 newly deforested cells.))
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“The second option to invest in the land is to intensify.” (Experimenter illustrates intensifying 3
cells) “When you intensify a cell, it does not degrade anymore, no matter how many animals you
put there. So there is no problem to buy three animals on every intensified cell. Actually, an
intensified cell with less than three animals is like normal pasture without animals – it does not
make good profit! Each intensified cells costs 8’000 Reais per year, no matter if you buy animals
or not. So it is the same issue as with deforestation – it does not help to intensify, if you don’t
buy more animals. Once you have intensified cells, you see this additional button when buying
animals. This makes it easier and faster to buy three animals in every intensified cell.”
(Experimenter illustrates using the button “fill intensified cells” to buy three calves in every cell.)
“The third option to invest in the land is to recuperate. I cannot show it to you now, as in the
first year there is no degraded land. Recuperation brings back a cell to zero degradation, but it
costs 3’500 Reais per point of degradation and takes one year. Alternatively, you can let the cells
regenerate naturally at no cost by one point per year, if you don’t buy animals on the cells. Only
cells with 8 points or less regenerate. For cells with 9 or more points, you need to pay to use them
again.”
“One last thing for now: It is not smart to over-invest. For example, if I deforest like this”
(Experimenter deforests as many cells as possible) “I do not have any money left to buy calves. So
I end up with lots of empty pasture. And empty pasture does not make profit. This is
overinvesting. Also, you will need some money left to cover your annual costs” (click on next
year) “As you can see here, you need to pay 75’000 Reais every year. This is for all the expenses,
gasoline, food, and so on. Additionally, you need to pay 8’000 per year for every intensified cell.
Because the value of your animals is best after two years, it’s better to invest only so much money
that you still have enough money on the bank to pay your annual cost for two years. If you do
not have enough money to cover your annual costs, you will automatically take a credit. Credit is
very expensive and not useful to make profit. You can pay back the credit automatically by
passing a year with enough money on the bank to pay all annual cost plus the credit. And by the
way, people who use a calculator tend to make more money in the game.” (Experimenter offers
calculators to everybody.)
Another five minutes later, the last interruption explained a basic calculation on the profitability
of different investments.
The calculation was illustrated using the last slide of the introductory presentation. The slide
shows three different options to invest in a piece of land of two cells of forest, one cell of pasture
and two degraded cell of 9 points of degradation. The slide was explained with the following
wording: “This is the last tip. It is a bit more advanced. The previous tip was more important, so
remember: Empty pasture does not make profit and money on the bank does not make profit. So
if you have money left to invest into the land, you have different options. Let’s look at those
options again. You can deforest, recuperate or intensify. You can see those three options here. In
order to compare them more easily, I’m showing you three options that produce the same
amount of cattle over eight years. So after eight years, in all three cases you can sell twelve animals.
So your income is the same in all three cases. But the cost is different, and also the state of the
land afterwards.
Deforesting two cells costs 36’000 Reais. Then you have three cells of good pasture and can
produce twelve animals in eight years, buying one animal per cell. After eight years, you have
three cells of 8 points of degradation and two cells of 9 points.
If you use the second option, you recuperate two cells, this costs 63’000 Reais, and it also takes
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one year. After that, you also have three cells of good pasture and can produce twelve animals in
eight years. After eight years, you have three cells of 8 points of degradation and two cells forest.
The last option is to intensify. If you intensify one cell of good pasture, you can now keep three
animals on this one cell, so you also produce twelve animals over eight years. The cost of
intensification is 42’000 Reais in the first year and 8’000 in every year, so in the end it costs
42’000 plus 64’000 Reais, is 106’000 Reais. After eight years, you have two cells of forest and two
cells of 9 points of degradation and one intensified cell.
This calculation is to help you understand how the different types of investments work and which
way is more profitable. Also keep in mind that this calculation is done only for the first phase of
the game, when you do not receive any subsidies. You now have another twenty minutes to
practice, then everybody should start the real game. If you manage to make 1’500’000 Reais in
the training, you can also start earlier if you want.”
After this last tip players who feel that they sufficiently understand the game and made 1’500’000
Reais in the game are allowed to start the Baseline Phase. All other players are asked to start after
twenty more minutes of training with further one-on-one support for any questions. In almost all
cases, the further support consisted of repeating the previous instructions from the tips and the
video in various ways, as all important issues of the game had been explained at least once at this
point.
During the Baseline Phase, the experimenters do not answer any further questions on the game,
except for technical problems.
Once the Baseline Phase is finished, the Treatment Phase starts. Each player views a short video
explaining the treatment. The video ends by asking the player to pick an envelop with a number
from one to six. The experimenter has those envelopes, which contain a manual explaining how
the treatment works. The manuals are read by the subject, explained by the experimenter and any
remaining questions answered. Once the Treatment Phase started, no more questions are allowed.
The following wording (in Portuguese) was used to introduce the treatments, while showing the
treatment manuals:
T1
“You will play the game one more time now. Everything is exactly the same, only the
development of the cattle price is different. But you will play with a carbon credit project now.
Let me explain you again how this works. Let me first explain what happens if you do not
deforest at all. You will receive a subsidy every year. The subsidy is calculated as the number of
carbon credits times the carbon price. In this list (show baseline on the manual), you see how
many carbon credits you will receive in each year. In the first year, you will get 5’000 carbon
credits, then a little more in the next year, and so on, 9’000 in 2027, and almost 20’000 in the
last year of the subsidy.
The carbon price is a market price on a financial market. You will see each year’s price in your
financial statistics. For example, if the price is 20 R$ in one year, and you receive 5’000 carbon
credits, you receive 100’000 R$ in subsidies.
This graph is a visualization of the process: The blue line are those numbers (point at the
baseline), and the green line is sell carbon – next year (black line), green line sell carbon and so on.
So every year you can sell the difference between the black line and the green line.
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This is the amount of subsidies that you receive if you do not deforest at all. But what happens if
you deforest? Deforesting one cell costs 5’000 carbon credits. So for example, if you deforest one
cell in the first year, you receive 5’000 minus 5’000 carbon credits – nothing. If you deforest a
cell in 2027, you receive 9’000 minus 5’000 carbon credits – 4’000 carbon credits.
But what happens if you deforest more than one cell? For example, if you deforest five cells in the
first year? 5’000 times five is 25’000. So you do not receive credits in the first year (point at the
baseline), no credits in the second year (point at second year), none here, and here, and here
(point at 2019), you receive a little bit. Why? Because this plus this plus this plus this plus this
(point on years 2015-2019) is more than 25’000.
Here is a visualization of the process. The red line are your emissions. So if you emit more than
the baseline, you do not receive any subsidies till the baseline emissions catch up with your
emissions. Afterwards, the subsidy continues normally.
2040 is the last year of the subsidies. You will receive a message reminding you when the
subsidies end. After this, you will play another 21 years till 2061 without any subsidies, just like
the first phases.
During this Phase, we will ask you every four years about your expectations of the future cattle
price and carbon price. You can answer fall a lot, fall a little, stay more or less the same, raise a
little and raise a lot. Please take the time to answer, as this is important for our analysis. Your
answers do not influence the game.
If you want, you can watch the video again or start playing now.”
T2
The wording in T2 is exactly the same as in T1, except for the sentence:” The carbon price is a
market price on a financial market. You will see each year’s price in your financial statistics. For
example, if the price is 20 R$ in one year, and you receive 5’000 carbon credits, you receive
100’000 R$ in subsidies.“ This is replaced by the sentence: “The carbon price is 20 R$. If you
receive 5’000 carbon credits in one year, you receive 100’000 R$ in subsidies.”
T3
“You will play the game one more time now. Everything is exactly the same, only the
development of the cattle price is different. You will play with a payment for ecosystem services
now. This means, you will receive a subsidy. For every cell of forest, you will receive 4’000 Reais
every year. So for example, if you do not deforest anything, you have 51 cells of forest. So you
receive 204’000 Reais per year. If you for example deforest 10 cells, you only have 41 cells of
forest, and thus the subsidy is reduced to 164’000 Reais.
2040 is the last year of the subsidies. You will receive a message reminding you when the
subsidies end. After this, you will play another 21 years till 2061 without any subsidies, just like
the first phases.
During this Phase, we will ask you every four years about your expectations of the future cattle
price. You can answer fall a lot, fall a little, stay more or less the same, raise a little and raise a lot.
Please take the time to answer, as this is important for our analysis. Your answers do not influence
the game.”
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T4
The wording in T4 is exactly the same as in T1, except for the sentence:” For every cell of forest,
you will receive 4’000 Reais every year.” This is replaced by the sentence: “In the first year, for
every cell of forest, you will receive 4’000 Reais every year. In later years, the subsidy follows the
cattle price, so when the cattle price is high, the subsidy is high, and when the cattle price is low,
the subsidy is low, too. For every 1’000 Reais change in the cattle price, the subsidy per cell
changes by 150 Reais.”
During this Phase, we will ask you every four years about your expectations of the future cattle
price. You can answer fall a lot, fall a little, stay more or less the same, raise a little and raise a lot.
Please take the time to answer, as this is important for our analysis. Your answers do not influence
the game.
T5
“You will play the game one more time now. Everything is exactly the same, only the
development of the cattle price is different. You will play with a payment for ecosystem services
now. This means, you will receive a subsidy. For every cell of forest, you will receive 2’100 Reais
every year. So for example, if you do not deforest anything, you have 51 cells of forest. So you
receive 107’100 Reais per year. If you for example deforest 10 cells, you only have 41 cells of
forest, and thus the subsidy is reduced to 86’100 Reais.
This phase lasts longer than the last phase, this time the last year is 2061.
During this Phase, we will ask you every four years about your expectations of the future cattle
price. You can answer fall a lot, fall a little, stay more or less the same, raise a little and raise a lot.
Please take the time to answer, as this is important for our analysis. Your answers do not influence
the game.”
T6
“You will play the game one more time now. Everything is exactly the same, only the
development of the cattle price is different. You will play from 2015 till 2061. You were selected
for the control group, so you will not receive any subsidies. As you do not receive any subsidies
during the game, you will get an additional bonus of 6 million Reais in the end, so you have a fair
chance to make the same amount as everybody else.
During this Phase, we will ask you every four years about your expectations of the future cattle
price. You can answer fall a lot, fall a little, stay more or less the same, raise a little and raise a lot.
Please take the time to answer, as this is important for our analysis. Your answers do not influence
the game.”
After the game, the players’ final outcome is calculated and paid out in cash in by the
experimenter. While offering anonymous payout, it was found that the almost all players talk
about their payoffs after the game.
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ANNEX 2-III: RANDOMIZATION, PLAYER TYPES
AND WITHIN-SUBJECT COMPARISONS
2-III.1 PLAYER TYPES
To confirm the validity of our sample, we performed a series of MANOVA tests to test if player
type has any influence on the outcome of the game or the questionnaire responses. Unfortunately,
it will not be feasible to analyze differences between player types for each treatment separately, as
the number of observations for each player type is too small in a single treatment, e.g. N=7 for
ranch owners in T1. We thus compare them in the baseline phase and collapsed over all
treatments.
The first MANOVA tests the influence of player type at the end of the game in the treatment
phase (round 46) on cumulative cells deforested, cumulative cows sold, cumulative cells
intensified and risk preference as well as financial risk preference from the initial questionnaire
and final payoff over all treatments. The results are shown in Table III - 1. No significant
influence was found.
Table 2-III – 1, MANOVA, player type on end of game variables, n= 346
Player Type Dummy

Pr (>F)

Owner

0.77

Student

0.76

Family Member

0.11

Table 2-III-2 presents the results from a second MANOVA, which is the same as the first, but in
round 25 of the treatment phase. No significant influence was found.
Table 2-III – 2, MANOVA, player type on round 25 variables, n= 346
Player Type Dummy

Pr (>F)

Owner

0.43
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Student

0.22

Family Member

0.37

Table 2-III-3 presents the results from a third MANOVA, which is the same as the first, but in
the last round (26) of the baseline phase. No significant influence was found.
Table 2-III – 3, MANOVA, player type on end of baseline variables, n= 346.
Player Type Dummy

Pr (>F)

Owner

0.59

Student

0.55

Family Member

0.82

While MANOVA is preferable for testing several variables at once and its ability to identify crossinfluences it relies on the assumption of a normal distribution. We thus also performed the
following Kruskal-Wallis non-parametric tests in Table III-4 to test the if there are any difference
between the cumulative cells deforested (“Def)”, cumulative cows sold (“Cow”), cumulative cells
intensified (“Int”) for round 25 and round 46 of the treatment phase as well as round 26 (the last
round) of the baseline (BL 26) phase in the sample if grouped by players role (Owner, Family
Member or Student). No significant effects were found.
Table 2-III – 4 p-values for Kruskal-Wallis comparison of means.
Variable

Def
25

p-values for Kruskal0.30
Wallis test on Role

Int
25

Cow
25

Def
46

Int
46

Cow
46

Def
Int
Cow
BL 26 BL 26 BL 26

0.77

0.79

0.31

0.71

0.75

0.41

0.08

0.42

The equality of in-game behavior between player types is also confirmed visually in the following
six plots (cumulative deforestation, intensification and cows sold over all rounds of the Baseline
Phase and Treatment Phase, all treatments combined)
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Figure 2-III – 1, Deforestation by round in the baseline phase, for each player type
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Figure 2-III – 2, Intensification over round in the baseline phase, for each player type
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Figure 2-III – 3, Cows sold over round in the baseline phase, for each player type
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Figure 2-III – 4, Deforestation over round in the treatment phase, for each player type
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Figure 2-III – 5, Intensification over round in the treatment phase, for each player type
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Figure 2-III – 6, Cows Sold over round in the treatment phase, for each player type
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2-III.2 RANDOMIZATION
The players were assigned to a treatment upon finalization of the initial questionnaire in the
database. The players did not know the assignment until the start of the Treatment Phase. We
implemented the randomization by rotating the treatment number from 1-6 continuously
through the entire experiment upon creation of the entry for the player in the database. This
procedure was already used in the pre-testing and continued into the main experiment. As there
was an average of 10 players per round and the counting was continuous over sessions, the player
who was quickest to fill out the questionnaire ended up in a different treatment in every session.
Thus there was no correlation between the time needed to complete the questionnaire and the
treatment. Additionally, there was some additional random noise created by players who made
mistakes in filling the questionnaire and re-started or accidentally quit the game during the
training phase and had to re-start, as this lead to a new treatment assignment. Players were not
allowed to re-start after finalizing the training phase.
To control for successful randomization, we tested for influence of treatment on both player
characteristics and game outcome in the Baseline Phase. All players went through the exact same
Training and Baseline Phase prior to receiving any treatment-specific information, thus there
should be no difference in Baseline Phase play between treatments.
We ran a MANOVA of the treatment on player characteristics and the outcome of the last round
of the Baseline Phase (round 27). The MANOVA included the variables Age, Gender, Risk
Preference, Financial Risk Preference, Player Type, Cumulative Deforestation in Baseline Round
26, Cumulative Intensification in Baseline Round 26 and Cumulative Number of Cows Sold in
Baseline Round 26, regressed on Treatment Dummy Variables. No significant effect of treatment
on any other variable was found, confirming successful randomization.
Table 2-III – 5, MANOVA treatment on player characteristics, n= 346
Treatment Dummy

Pr (>F)

T1

0.37

T2

0.47

T3

0.42

T4

0.21

T5

0.66

The following graphs plot the cumulative deforestation, intensification and cows sold in the
Baseline Phase by treatment, visually confirming no difference in other rounds of the Baseline
Phase.
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Figure 2-III – 8, Intensification over Round in the Baseline Phase by Player Treatment
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Figure 2-III – 9, Cows Sold over Round in the Baseline Phase by Player Treatment

2-III.3 WITHIN-SUBJECT COMPARISONS
The results are also supported by a within-player comparison. The following graphs show the
mean difference between the baseline phase and the treatment phase for deforestation,
intensification and number of cows sold. Note that the difference between the baseline phase and
the control treatment is never significantly different from zero.
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Figure 2-III – 10, Difference in Deforestation between the Baseline Phase and the
Treatment Phase by player treatment

Deforestation Difference

0

Type
1 & 2 − Carbon
3, 4 & 5 − Hectare
6 − Control

−10

−20

0

10

Round

20

Figure 2-III – 11, Difference in Deforestation between the Baseline Phase and the
Treatment Phase by player payment type
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Figure 2-III – 12, Difference in Intensification between the Baseline Phase and the
Treatment Phase by player treatment
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Figure 2-III – 13, Difference in Intensification between the Baseline Phase and the
Treatment Phase by player treatment type
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Figure 2-III – 14, Difference in Cows Sold between the Baseline Phase and the Treatment
Phase by player treatment
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Figure 2-III – 15, Difference in Cows Sold between the Baseline Phase and the Treatment
Phase by player type
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ANNEX 2-IV: FURTHER ANALYTICS
2-IV – 1 FURTHER REGRESSIONS

We did not find any significant influence of including risk preferences 13 in the OLS on
deforestation. We attribute this lack of a finding to our less-than-perfect measure of risk
preferences. In a recent study, He & Veronesi (2014) showed that the measure we used does not
predict incentivized risk preference elicitation among Chinese farmers, indicating that the
positive results by Dohmen et al (2011) on German households using this measure might not
extend to other populations. Table 2-IV - 1 shows the results from an OLS regression including
impacts of risk preferences and interaction effects between risk preferences and treatment. No
significant effects were found.
Table 2-IV – 1, OLS in round 25 including risk preferences. Significance levels indicated by
* for 5% , ** for 1 % and *** for 0.1 %
Variable

Influence on cumulative deforestation

Intercept

39.8
(5.1)25
***(OLS)
in round

T1

- 28.1 (6.7) ***

T2

- 24.5 (6.6) ***

T3

- 15.1 (6.9) ***

T4

- 17.3 (7.2) **

T5

- 19.4 (8.6) ***

Risk Preference

-5.6 (8.6) -

Risk * Treat 1

18.7 (11.5) -

Risk * Treat 2

9.6 (11.4) -

Risk * Treat 3

7.1 (11.5) -

Risk * Treat 4

17.6 (12.2) -

Risk * Treat 5

15.5 (11.9) -

13
We used a simple question, “How do you see yourself: are you generally a person who is fully prepared to take financial risks or do you try to
avoid taking financial risks?” rated from one to ten to elicit financial risk preference. Dohmen et al. (2011) found that the answer to this question
is strongly correlated with more complex and time consuming measures of financial risk preference. However, as explained in the text, we have
doubts that the measure really worked in our case.
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Including other control variables such as gender, age, player type, location etc. did not show any
significant results. There is a marginally significant impact of gender on deforestation, with males
deforesting slightly more. We also tested whether our results on treatment impacts on
deforestation change if applying a tobit model. The results are reported in Table 2-IV - 2 and are
very similar to the OLS.
Table 2-IV – 2, tobit in round 25
Variable

Influence on cumulative deforestation

Intercept

in round 25 (tobit)
41.2 (2.8) ***

T1

-23.2 (3.8) ***

T2

-25.0 (3.9) ***

T3

-14.1 (3.9) ***

T4

-9.9 (3.9) *

T5

-15.2 (3.9) ***

Using a tobit could be justified as deforestation cannot be <0 or >51 due to the limitations of the
game. Nevertheless, this is not due to a limitation in our measurement but a limitation in the
model, thus estimating censored effects as done by tobit makes only limited sense.
A general linear model using annual deforestation from round 1 to round 25 and player ID as a
random effect also came to similar results:
Table 2-IV – 3 General Linear Model on annual deforestation
Groups

Std. Dev

Player Id

0.36

Residual

2.49

Treatment

Estimate (Error)

t-value

T1

1.26 (0.08)

15.12

T2

-0.53 (0.12)

-4.64

T3

-0.64 (0.12)

-5.46

T4

-0.29 (0.12)

-2.54

T5

-0.17 (0.12)

-1.48

T6

-0.33 (0.12)

-2.86
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While a general linear model is a cleaner way to show influences, as it can also take into account
differences in temporal development leading to the same cumulative value, we find it less
intuitive to interpret and thus prefer reporting OLS results in the main text. Additionally, the
plots of deforestation over time do not indicate a difference in the temporal change of
deforestation between treatments prior to round 25.

2-IV – 2 PAIRWISE COMPARISON OF MEANS

Table 2-IV-4 lists p-values from pairwise, non-parametric Mann-Whitney tests. “Def” is
cumulative deforestation, “Int” cumulative intensification and “Cow” cumulative cows sold. The
number indicates round 25 respectively round 46. The results are in line with the OLS results.
Using a large number of pair-wise tests is obviously overestimating significances and we are
reporting the tests for completeness only.
Table 2-IV – 4, p-values of pairwise Mann-Whitney tests
Variable

Def 25

Int 25

Cow 25

Def 46

Int 46

Cow 46

T1/T2

0.702

0.716

0.478

0.012 *

0.228

0.303

T1/T3

0.086 .

0.370

0.188

0.013 *

0.538

0.916

T1/T4

0.001 ***

0.332

0.011 *

0.202

0.392

0.548

T1/T5

0.024 *

0.057 .

0.012 *

8.44 e-4 ***

0.228

0.741

T1/T6 (C)

5.82 e-9 *** 0.015 *

0.847

0.707

0.152

0.029 *

T2/T3

0.031 *

0.056 .

0.237

0.540

0.250

T2/T4

4.61 e-4 *** 0.21

0.002 **

0.185

0.676

0.093

T2/T5

0.013 *

0.002 **

0.441

0.870

0.155

T2 / T6

1.72 e-9 *** 0.042 *

0.621

0.021 *

0.712

0.446

T3/T4

0.317

0.982

0.547

0.883

0.771

0.734

T3/T5

0.982

0.622

0.656

0.037 *

0.581

0.932

T3/T6

0.002 **

0.016 *

0.280

0.227

0.357

0.122

T4/T5

0.202

0.640

0.689

0.026 *

0.807

0.740

T5/T6

2.02 e-4 *** 4.09 e-5*** 0.002 **

0.001 ***

0.601

0.028 *

1.92 e-4 *** 0.267

0.694

0.175

0.870

0.251

0.295

0.087

0.028 *

0.370

0.014 *

0.3

0.025 *

T1 & T2 / 6.92 e-5 *** 0.032 *
T1
& &T2T5/ 1.05
T3,T4

e-11 0.010 **

T3,
T6 T4 & 2.77
*** e-4 *** 1.74 e-4 *** 0.005 **
T5 / T6
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Table 2-IV-5 lists further p-values from pair-wise, non-parametric Mann-Whitney tests on the
financial variables. Total Payment is the total amount of payments made in round 25, not
including future values in T5. Total Payment 46 (only reported for comparisons including T5) is
the total amount of payments made in round 46 plus the additional land value of the remaining
forest. Payoff is the final payoff paid to the players after the experiment. Note that for T6, this
includes a bonus of 6’000’000 R$ in game money at the end of the game to allow a fair
compensation. We have chosen this value based on the difference in payoff for a rational player.
Table 2-IV– 5, p-values of pairwise Mann-Whitney tests
Variable

Total Payment 25

Total Payment 46

Final Payoff

T1/T2

0.779

N/A

0.171

T1/T3

0.688

N/A

0.718

T1/T4

0.581

N/A

0.938

T1/T5

7.22 e-10 ***

0.02 *

0.489

T1/T6 (C)

N/A

N/A

0.059

T2/T3

0.4737

N/A

0.438

T2/T4

0.930

N/A

0.175

T2/T5

1.83 e-12 ***

0.03 *

0.406

T2/T6

N/A

N/A

0.738

T3/T4

0.391

N/A

0.509

T3/T5

1.04e-11 ***

0.007 **

0.890

T3/T6

N/A

N/A

0.327

T4/T5

1.21 e-12 ***

0.04*

0.451

T4/T6

N/A

N/A

0.097

T5/T6

N/A

N/A

0.259

N/A

N/A

T1 & T2 / 0.870
T3,T4

2-IV – 3 EXCLUDING PLAYERS WITH LOW PAYOFF
We so far always reported the results for the whole sample. The tables below show the results of
an OLS regression of treatment on cumulative deforestation when restricting the sample to
players who achieved a payoff above 30, 50 or 80 Reais (out of the maximum of 115).
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Table 2-IV– 6 OLS using only those players with payoff > 30 in round 25
Variable

Influence on cumulative deforestation
in round 25 (OLS)

Intercept

39.25 (2.4) ***

T1

-19.7 (3.3) ***

T2

-20.5 (3.4) ***

T3

-10.7 (3.4) **

T4

-7.5 (3.3) *

T5

-11.2 (3.4) ***

n= 270
For players with a payoff > 30, no qualitative difference in results is observed compared to the
whole sample.
Table 2-IV– 7 OLS using only those players with payoff > 50 in round 25
Variable

Influence on cumulative deforestation
in round 25 (OLS)

Intercept

39.7 (2.9) ***

T1

-18.2 (3.8) ***

T2

-18.8 (4.0) ***

T3

-7.7 (4.0) .

T4

-5.8 (4.0) .

T5

-8.3 (3.9) *

n= 204
For players with a payoff > 50, the significances for T3 and T4 in round 25 disappear.
Nevertheless, when running the OLS in round 10, there is a significant difference:
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Table 2-IV– 8 OLS using only those players with payoff > 50 in round 10
Variable

Influence on cumulative deforestation
in round 10 (OLS)

Intercept

23.4(2.2) ***

T1

-15.5 (2.8) ***

T2

-17.7 (3.0) ***

T3

-10.1 (2.9) ***

T4

-10.2 (2.9) ***.

T5

-8.6 (2.9) **

n= 204
This can be explained by the following logic:
Players continue deforestation with stock-based payments, but deforestation rates are reduced.
Players with strong skills in the game thus reach full deforestation prior to the end of the payment
period with stock-based payment, but not with emission-based payments. Note that deforestation
is reduced strongly for all players, independent of their payoff, by emission-based treatments until
the end of the game.
Table 2-IV– 9 OLS using only those players with payoff > 80 in round 25
Variable

Influence on cumulative deforestation
in round 25 (OLS)

Intercept

49.0 (5.2) ***

T1

-21.9 (6.0) ***

T2

-24.0 (6.3) ***

T3

-8.6 (5.9) .

T4

-5.2 (6.0) .

T5

-4.9 (6.4) .

n= 92
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Table 2-IV– 10 OLS using only those players with payoff > 80 in round 10
Variable

Influence on cumulative deforestation
in round 10 (OLS)

Intercept

30.1 (4.8) ***

T1

-19.8 (5.6) ***

T2

-23.7 (5.9) ***

T3

-14.7 (5.5) *

T4

-15.5 (5.6) *

T5

-10.3 (5.9) .

n= 92
The results for players with a payoff of >80 is qualitatively similar as for those with a payoff >50.

2-IV – 4 THEORETICAL AND ACTUAL CARBON MITIGATION COSTS

The carbon mitigation costs are defined as costs over amount of emission reductions. As for some
players the emission reductions are zero, the values are not defined for individual players.
Accordingly, the confidence interval cannot be calculated directly, but needs to be derived using
an error propagation from the 95% confidence intervals of the values used to calculate the
mitigation costs.
The upper bound of the confidence interval of the carbon mitigation costs is therefore given by
the upper bound of the confidence interval of the payments over the lower bound of the
confidence interval of the emission reductions and vice versa. Note that the average value
accordingly is not the arithmetic mean of the lower- and upper confidence boundary.
Table 2-IV– 10 Confidence Intervals Mitigation Costs
Payment in
1‘000 R$

ER in 1‘000
tCO2

Mitigation
Costs in
R$/tCO2

Mitigation
Costs lower
bound

Theoretical T1/2

3‘423

Theoretical T3/4

Mitigation
Costs upper
bound

231

165 12

20.7

18.0

23.8

3‘466

211

118 17

29.3

24.0

36.3

Actual T1/2

3‘423

231

95 12

36.1

30.0

44.0

Actual T3/4

3‘466

211

46 17

72.8

50.4

120.0

As visible from the table, the confidence intervals are non-overlapping and the carbon mitigation
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costs therefore different with 95% confidence between T1/2 and T3/4 for both theoretical and
actual carbon costs.

2-IV – 5 ARTIFACTS

The “eight in a row” anomaly
The game is played on 64 cells, each cell being independent and symmetric to all others. There is
no meaningful spatial relation between them. The cells are ordered on an 8x8 square. This order
is an arbitrary design choice and any other shape or number of cells could have been used. In
principle, we could have avoided using individual cells at all and only presented the total number
of cells to the players, without changing the economic and ecological structure of the game.
We found that a statistically significant share of subjects made land-use decisions for entire rows
of 8 instead of single cells, reducing the efficiency / precision of their decisions but also reducing
cognitive effort. The graph in figure 1 shows all possible values for cumulative deforestation on
the X-axis and the number of players who had deforested this much on the Y-axis in round 10 of
the baseline phase of the experiment.

Figure 2-IV – 1- Artifact in the distribution of cumulative deforestation values over players
There are strong peaks visible at 11, 19, 27 and 35 cells. With the initial settings as used in the
experiment, the players started with 2 rows with a total of three forest cells and six rows with 8
forest cells each. 11 corresponds to deforesting those three cells + 1 row. 19, 27 and 35
correspond to deforesting further complete rows. The graph clearly shows how a number of
players preferred deforesting entire rows, despite the fact that in the structure of the game there is
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no privileged role for rows of 8. We did not expect this result – otherwise we might have tried to
play the game on a differently shaped area.
It should be obvious that this property of the model is a pure, arbitrary design effect and does not
represent a real-world phenomenon. Accordingly, it would be irresponsible to draw policy
conclusions from this aspect. This example of an artifact highlights a weakness of simulations
games. The identification and elimination of artifacts is an important part of experimental design
and interpretation and requires a high level of scrutiny in the design and review process, as there
might be more subtle artifacts created by the simulation. I would like to note though that this
problem is not limited to simulation games but extends to all laboratory experimentation in the
social sciences.
Full Deforestation in Round 8 Artifact
For all low, stock-based PES deforestation reaches 100% in round 8. The special role of round 8
is due to the initial settings of 0 degradation. In round 8, degradation reaches a critical level for
the first time, requiring the players to allow their pasture to regenerate. Accordingly, players do
not buy new calves on the initial cells. This frees up working capital that can be invested into
further deforestation. In the real world, initial conditions and the speed of degradation are not
that homogeneous, thus this effect should only be interpreted as an artifact. We mitigated the
issue by measuring the average rate of deforestation by defining it as the deforestation in the last
round prior to reaching full deforestation over the number of rounds.
Messy end after 25 rounds Artifact
The emission-based PES ends in round 25. This was an unfortunate choice in game design when
trying to mimic the real world VCS rules. As the game typically proceeds in two-year steps due to
the optimal slaughter age of cows being two years, the uneven number causes trouble at the end
of the PES. In round 25, a player using any of the quasi-optimal algorithms introduced in
chapter 4 of this thesis has 1-year old cows on all her pasture. Nevertheless, she could increase her
profit by deforesting and purchasing new calves in round 25. From there on, the player would
need to continue buying and selling calves every round and would always have a mix of 1- and 2year old cows on her land. We avoided this complication by making the algorithm slightly suboptimal and ignoring the incentive to deforest in round 25. Accordingly, the numbers on the
optimal year for the onset of deforestation and the dominance switching point between “Optimal
Emission Based” and “Full Conservation Temporal” should be read only as indicative. Further, in
any real world PES scheme, ranchers do not have age-homogenous herds, making this artifact
irrelevant.
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ANNEX 2-V: HARD- AND SOFTWARE USED FOR
GAME DEVELOPMENT AND EXPERIMENT
HARDWARE
Ten Samsung Galaxy Tab 2, 10.1 inch tablet computer were used to play the game.
The game was hosted locally using the experimenter’s laptop as sever (Mac Book Pro™).
The connection was established through a local WiFi, which was created using a USB powered
Nano-Router.

SOFTWARE
Espresso™ to create and edit the HTML files
Adobe Creative Suit™ for the design of the visuals
Camtasia™ for the tutorial videos
Sequel Pro™ to create and edit the SQL Database
MAMP™ to host the local Apache & MYSQL server
Google Chrome™ to play the game on the tablets
CyanogenMod™ operating system to improve the technical performance of the tablets
RStudio™ to analyze the data
http://www.github.org to share the code online
https://github.com/danilowanner/Cattle-Farming-Game/commits/master
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ANNEX 3-I: DECISION ALGORITHMS AND CASHFLOW MODELS

As the decision algorithms and cash-flow models were implemented as an interactive spreadsheet,
they are not supplied in an ink-on-paper form. This is due to the unfortunate circumstance that
this medium lacks the required interactive functionality. Please find Annex 3-I in the additional
digital material supplied with this thesis.
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