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The Brazilian agricultural commodities market and the agribusiness sector are facing an increasing international
demand for improved environmental standards, such as those regarding climate change and biodiversity loss.
Although there are many studies on the structural determinants of sustainable agriculture related to the pro-
duction systems, markets, and governance, there is a paucity of studies focusing on the valuation of ecosystem
services (ES) provided by agricultural landscapes for which no market exists. In this context, the present paper
provides estimates of the value of ES related to changes in land use and management in intensive agricultural
landscapes in Brazil, using a discrete choice experiment. The results show a significant demand for changes in
land use and management to deliver improved ES provision, with marginal willingness to pay (WTP) estimates
falling within the R$104-541 interval (€18-93) per household and year. According to WTP, ES are ordered as
follows: improved biodiversity, soil conservation, carbon storage, and aesthetics. Preference heterogeneity points
to novel effects worth of closer look in future research. The results provide evidence of social support for a
change to a more sustainable agricultural production model.

1. Introduction

The ecosystem services (ES) concept has informed discourses and
policies for improved the development of sustainable agricultural sys-
tems (Bethwell et al., 2022; DeClerck et al., 2016). Brazil has consoli-
dated its position as a big player in relation to the world’s food supply
(Chaplin-Kramer et al., 2015). This comes at a cost in terms of a severe
decline in ES provided by natural and agricultural landscapes, including
the safeguarding of biodiversity and climate change mitigation and
adaptation (IPBES, 2019). Despite ample evidence that highlights the
crucial importance of ES provision to underpin economic well-being
(Tisovec-Dufner et al., 2019), policy measures aimed at promoting
sustainable land use and management have thus far been ineffective (e.
g., in halting biodiversity loss) (Rafael et al., 2018). However, the
agricultural commodities market and the agribusiness sector are facing
an increasing international demand for improved environmental stan-
dards that is channelled through market mechanisms, voluntary agree-
ments, certifications, and product labelling (Zilli et al., 2020). Failure to
meet environmental production standards can impact Brazil’s world-
leading position as the largest food producer (Valdes et al., 2020),
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especially since the future of Brazilian agriculture depends on improving
productivity to adapt to the impacts of climate change (Gil et al., 2019).

By ratifying the 2015 Paris Climate Agreement that recognises the
value of ecosystem conservation in addressing climate change and that
encourages parties to take action to conserve and enhance the ecosys-
tems (Masson-Delmotte et al., 2019), Brazil assumed a pioneering po-
sition with respect to climate commitments among developing
countries. Among the actions subsequently taken, a national policy has
been implemented to reduce agricultural emissions through credit sup-
port initiatives for those landowners who apply sustainable agricultural
practices (Milhorance et al., 2021). The policy does not address the loss
of biodiversity, although synergies between climate change mitigation
and biodiversity conservation in agricultural landscapes often exist
(Bernués et al., 2019; Garrett et al., 2020).

Historically, the dilemma between economic development and na-
ture conservation has played out in favour of development in large parts
of Brazilian society, and as a result many farmers perceive conservation
areas on their land primarily as a loss of productive land. The Forest
Code is the main national law about ecosystem conservation. The pre-
vious version of the Forest Code (from 1965 to 2012) was quite
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protective of the natural areas within rural properties, but not following
the Code was almost the rule. From the landowner’s perspective, full
compliance with the Forest Code offered few economic benefits (Aze-
vedo et al., 2017). This, coupled with weak law enforcement, resulted in
low policy effectiveness, which has also been observed in other envi-
ronmental policies (e.g. focusing on soil and water) implemented in
Brazil (Brancalion et al., 2017). The 2012 Forest Code established
reduced requirements for protected areas on private land. The law did
not change the requirement to conserve (or create) a minimum of 20 %
native vegetation on the rural properties (except to the Amazon biome,
where that requirement varies between 20 % and 80 %), and to desig-
nate environmentally sensitive areas as riparian areas and hilltops.
However, specific requirements were considerably eased, for example
regarding the minimum width of riparian forests around water re-
sources. The 2012 Forest Code also introduces mechanisms to address
payments for ecosystem services (PES), and establishes a rural envi-
ronmental registry (Mello et al., 2021). Using this registry, the land
areas can be monitored remotely, which could assist the establishment
of PES. While a PES mechanism has been included in the new law,
existing PES schemes are at pilot stage and hence experimental and
small-scale.

Although there are many studies on the structural determinants of
sustainable agriculture adoption in Brazil related to the crops, markets,
and governance (Latawiec et al., 2017), there is a paucity of studies
focusing on the valuation of ES provided by Brazilian agricultural
landscapes for which no market exists, either from the demand or supply
side. The few studies doing so especially centre on natural ecosystems.
For example, Resende et al. (2017) use the contingent valuation method
(CVM) to value ES of a protected area. To the best of our knowledge,
only Seroa da Motta and Ortiz (2018) and Popak et al. (2019) focus on
agroecosystems, with the former using CVM in a supply-side valuation
exercise aimed at estimating farmers’ willingness to accept (WTA) for
participating in PES, and the latter using an avoided cost approach to
value pollination services in a Brazilian river basin.

In this context, the research presented here aims at estimating the
value of ES related to changes in land use and management in agricul-
tural landscapes in Brazil which can be used to facilitate an efficient
design of environmental policy instruments. To the authors’ knowledge,
there is no study that specifically assesses and values improvements in a
range of ES provided by Brazilian agricultural landscapes. The valuation
of ES in this study is based on a discrete choice experiment (CE) as an
increasingly common valuation method (Mariel et al., 2021), making
use of the basic principle that there is a correlation between land use and
management and ES provision. As a case study, we focus on Parand State
(southern Brazil), where approximately 90 % of its area supports a large
agricultural economy (SOS Mata Atlantica and INPE, 2019). Overall, the
information on ES valuation presented here can support the efficient
implementation of environmental policies (especially PES) aimed at
sustainable land use and management in Brazil.

2. Materials and methods
2.1. The study area: Farm management evolution

Parana State has 199.315 km? of territorial area and a population of
11 million inhabitants. It is characterised by a subtropical climate, with
around 97 % of its area being part of the Atlantic Forest climate type
(Kauano et al., 2012). The total area of Parana State is divided into
croplands (33 %), especially soybeans, corn, and wheat; pastures (25 %);
Atlantic Forest (16 %); planted forests (7 %); and others (water re-
sources, perennial agriculture, urbanization, mining) (19 %) (SOS Mata
Atlantica and INPE, 2019).

Land use in Parana State has shown significant changes since most of
the original forest was removed (in the first half of the 20th century).
Probably the most remarkable change relates to the conversion of coffee
permanent cropping systems (which do not need to be replanted after

Ecosystem Services 57 (2022) 101476

harvesting) to annual cropping systems (especially grain) and pastures,
which took place from 1980 amid agricultural mechanization, favouring
conventional tillage sometimes associated with terracing and planting
on contour lines (Leite et al., 2012). This gave rise to agricultural
intensification, which resulted in the prominence of greatly simplified
landscapes and higher rates of soil loss in a majority of areas (Telles
et al., 2022).

By the end of the 20th century and beginning of the 21st century,
concerns grew over great losses of soil as a result of conventional tillage
management. As a response to this, government programs for soil and
water conservation guided farmers to adopting no-tillage (NT) practices
(Sa et al.,, 2013), a soil conservation system aimed at halting soil
degradation, improving water management, and soil structural proper-
ties (Freitas & Landers, 2014, Friedrich et al., 2012). From the
perspective of ES provision, that strategy was positive for soil and water
conservation and soil organic carbon (SOC) storage. However, it also led
to an increased use of fertiliser and pesticides (Derpsch et al., 2014),
while maintaining landscape homogeneity and habitat fragmentation.

In the past decade, integrated production systems have been pre-
sented as an upgrade of NT, and thus as a promising strategy to increase
the restoration of degraded soils. By integrating NT crop and livestock
(ICL), or NT crop, livestock, and forestry (ICLF), production at farm
scale, soil fertility, and organic matter increase, favouring biomass
production and allowing for higher animal stocking rates in pasture-
lands (Cortner et al., 2019). Whilst integrated systems are emphasised to
facilitate the introduction of the forestry component into farms (Cortner
etal., 2019), most of the time this component only comprises non-native
species, typically Eucalyptus sp. A environmental benefit of ICL and ICLF
is to increase SOC stocks and the capture of atmospheric carbon by soil,
which is why these systems are believed to be effective in mitigating
climate change. From the perspective of the other ES, the landscape is
more heterogenous compared to the NT system, favouring biodiversity
and aesthetics.

Agroforestry systems have been cultivated mainly in small farms and
mountainous areas (Santos et al., 2019) and their arrangements include
annual and perennial crops and native species (Lacerda et al., 2020). In
any case, these systems represent a feasible option to move towards
more multifunctional landscapes with an improved provision of ES
(Landis, 2017), especially because, depending on their configuration,
agroforestry systems associated with native vegetation can be main-
tained as a legal reserve area on rural properties, facilitating compliance
with the Forest Code.

In accordance with the types of land use and land management
introduced above, the scenarios considered in this study describe ES
outcomes resulting from a move from a current policy focused on the NT
system to other systems that are more diversified in terms of manage-
ment, such as agroforestry systems and ICLF.

2.2. Attribute selection: links between land use and ES provision in
Parana

The CE method was adopted (Adamowicz et al., 1998) to elicit
preferences and derive willingness to pay (WTP) estimates for more
sustainable land uses and related provision of important ES which are
not traded in markets.

Non-monetary attributes and a monetary attribute were selected for
the CE application. The non-monetary attributes included in the CE
relate to the expected improvements in ES provision from farmland and
were selected based on literature review (Appendix A) and expert
consultation. Given that the aim was to elicit social preferences, the
attributes were selected in relation to land use and management, which
could be influenced and controlled by land managers. The main criterion
established for selecting the attributes related to ES was the relevance in
terms of impact by changes in farm management. Furthermore, the
number of ES should be small enough to easy the respondent’s cognition
and at the same time, the models can be estimated considering the
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expected sample size. Provisioning ES (food, timber) were not included
as attributes, but respondents were told that changes to different forms
of land management can be profitable for farmers over time (Kay et al.,
2019).

As a result of this selection, the non-monetary attributes included
were: 1) visual amenity/appearance of the agricultural landscape (cul-
tural ES), 2) reduction of soil loss, which improves soil conservation and
water quality (supporting and regulating ES), 3) carbon storage (regu-
lating ES), and 4) presence and diversity of animals and plants, which
refers to the conservation of biodiversity (related to supporting ES).
Although there is still an ongoing debate on whether biodiversity is an
ES (MEA, 2005, TEEB 2010, IPBES 2019), we included the conservation
of biodiversity as an attribute because biodiversity has been prominent
in ES assessments (Malinga et al., 2015) and it comprises ecosystem
outputs that the general public appreciate and are more familiar with.
Below we describe the ES considered in this study:

- Visual amenity/appearance of the agricultural landscape. Agricultural
landscapes constitute a cultural ES (Plieninger et al., 2014) with a
non-extractive direct use value. The visual quality of productive and
natural landscapes depends on factors such as the extent of the forest
cover and land use, though they are often subject to individuals’
subjective perception (van Zanten et al., 2016). It is expected that the
adoption of more sustainable systems, like agroforestry or ICL/ICLF
systems, would greatly improve the visual quality of Parana agri-
cultural landscapes.

- Soil conservation. Soil erosion by water is considered one of the major

threats to soil functions and ES (Garcia-Ruiz et al., 2017). The

adoption of soil conservation systems has been widely used around

the world to improve soil and water processes (Keesstra et al., 2016).

Despite the conservation effectiveness of NT systems, it is part of a

package that usually includes glyphosate-resistant seeds, mono-

cultures, and intensive agrochemicals use (Ofstehage & Nehring,

2021), all of them related to ecosystem disservices (Power, 2010).

Consequently, remarkable improvements are expected from the

adoption of more sustainable systems in the case study area.

Carbon storage. Conservation management of soils has a large tech-

nical potential to increase SOC and offset anthropogenic emissions

(Lal, 2012), while building fertility and restoring soil functions (Das

et al., 2022). Sequestration of SOC creates a positive soil/ecosystem

C budget, that implies that C input incorporated through adding

biomass to the soil exceeds the cumulative loss caused by erosion,

mineralization, and leaching (Lal et al., 2018). The depart from NT to
more sustainable systems can contribute to enhance C sequestration.

- Biodiversity. The diverse and complex biological community gener-
ates numerous ES (Pascual et al., 2015), which are affected by land
use and soil management systems (Creamer et al., 2016). Managed
ecosystems especially jeopardise the good habitat condition for wild
species (Reed et al., 2013). While agricultural intensification tends to
maximise provisioning services at the expense of regulating, cultural,
and supporting ES, the adoption of soil conservation systems
enhance biodiversity and strengthens ecological functions and ES
(Berthet et al., 2022). Accordingly, it is reported that the adoption of
more sustainable systems in the case study area would produce great
improvements in terms of biodiversity (see Appendix A).

The implementation of changes in land use management related to
increases in the provision of the ES considered will imply a cost to
farmers whilst the benefits are largely accrued by the wider public. If
demand for ES provision outweighs cost of provision, there is a case for
government intervention to enhance ES provision. Payments in the
survey are framed to create funds to provide financial incentives to
support management changes in rural landscapes.

Each of the non-monetary attributes takes three different levels. The
lowest levels stand for the current status while the highest levels stand
for the best possible performance (i.e. that related to adopting ICLF in
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the whole farmland area). The payment vehicle of the monetary attri-
bute was a general annual cost to be paid as a tax (in the electricity or
water bill) over the next 10 years by each household to finance the
implementation of the specified agricultural and environmental policies.
Such a payment vehicle was used due to familiarity of respondents with
utility bills, and the fact that these are often subject to taxes for envi-
ronmental reasons. Ten years were considered as a reasonable period of
time to ensure a long-lasting policy implementation, for example
allowing for the development of a PES mechanism promoting the sus-
tainable management systems described above. Table 1 provides an
overview of the attributes and levels used.

Willingness to pay estimates for bundles of attributes are estimated
for two hypothetical scenarios characterising shifts in current predom-
inant land use systems. The status quo entails a mix of crops and planted
forests, reproducing the most common land uses where NT systems to
croplands (e.g., soy, corn, or sugarcane) or large extensions of forest
plantation (Eucalyptus or Pinus) are found. Scenario 1 is described
through attribute levels SOIL1, CARB1, BIOD1, and LANDI, and it is
characterised by moderate changes. The environmental benefits related
to some adoption of ICLF systems could reduce soil erosion rates by up to
20 %, while SOC could be increased by up to 25 %, with overall sig-
nificant benefits to biodiversity and aesthetics (Bieluczyk et al., 2020;
Zago et al., 2020).

We also estimate WTP for the bundle of attributes characterising an
ambitious environmental improvement scenario. Scenario 2 is described
through attribute levels SOIL2, CARB2, BIOD2, and LAND2. This would
imply a large adoption of agroforestry systems and/or afforestation
processes, resulting in more heterogenous landscapes where supply of
ES is significantly enhanced while largely maintaining the capacity to
deliver provisioning services.

2.3. Experimental design

The software package Ngene (ChoiceMetrics, 2018) was used to
generate an experimental design with the selected attributes and their
respective levels. The design was a Bayesian efficient design optimised
for a multinomial logit (MNL) model with priors derived from a pilot
study that used an efficient design based on beliefs regarding signs of
attribute effects.

The final design comprised 24 choice sets which were blocked into 4
groups. The different choice set blocks were randomly distributed
among the respondents who were asked to select their preferred scenario
for each of the six choice tasks presented to them. An example of a choice
set is shown in Fig. 1.

2.4. Sampling and data collection

The survey was designed to collect the responses from the adult
population of Parana State. The survey was built based on the choice

Table 1
Description of the attributes of the choice experiment (status quo underlined).

ES attribute Description Level

Visual amenity/
appearance of the
agricultural landscape

Soil conservation

Perception of improvement
of the complexity of
agricultural landscapes
Expected % of reduction of

simple, medium
complexity (LAND1),
complex (LAND2)

0, 20 (SOIL1), 50

the soil loss rates (SOIL2)
Carbon storage Expected % of increase of 0, 25 (CARB1), 50
organic carbon in soil (CARB2)
Biodiversity, presence Expected % of increase of 0, 30 (BIOD1), 60
and diversity of floristic and wild animal (BIOD2)

animals and plants

Annual cost (per year per
household over a ten-
year period)

diversity

Monetary attribute that R$0, R$20, R$50, R
represents the program cost $100, R$150, R$300, R
to the respondent $500

R$=Brazilian Real (1R$=0.172€ on average during the survey year -i.e. 2020).
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Fig. 1. Example choice set (in Portuguese). The third column (“Politica atual” or current policy) stands for the status quo alternative while the other two are policy

programs to improve ecosystems services provision.

experiment literature for ES valuation of non-market goods in agro-
ecosystems (e.g. Alcon et al., 2020, Bernués et al., 2019) and consid-
ered the most important environmental issues evident in Brazil, as
highlighted in Section 2.3. A pilot study was conducted in September
2020 with 153 respondents to inform the experimental design and check
for issues with other questions. Some modifications in questions and
answer options were made that were believed to ease understanding.
1,012 respondents over age 18 self-completed the survey, which was
administered by a globally operating professional market research
company between October and November 2020. The composition of the
sample followed representative quotas for gender and age. The median
completion time was 13 min. At the beginning of the survey, the purpose
of the study, the project, and the four-part structure of the questionnaire
were explained. The parts of the questionnaire included: i) the CE,
including the description of the attributes and levels; ii) questions about
respondents’ knowledge and attitudes regarding agricultural practices
and related policies; and iii) questions related to the Covid-19 pandemic
(to identify whether there were effects of the declared impacts of the
Covid pandemic on the WTP) and main socio-economic characteristics
(see Appendix B).

Interviewees who always chose the status quo option were asked to
state the reasons for this to identify potential ‘protest’ responses and
distinguish them from legitimate zero bids. 5 % of the responses were
classified as ‘protesters’ and were excluded from the analysis of the
choice data, following standard procedure in the stated preferences
literature (Dziegielewska and Mendelshon, 2007). The omission of
protest responses had little effect on the model results and the conclu-
sions drawn in this paper.

2.5. Model specification

In line with random utility theory (McFadden 1974), a utility func-
tion is specified that is described by the attributes of the experimental
design in a linear and additive fashion, and a random error term ¢. The
utility function U for respondent n and alternative i in choice task t is
written as:

Unit = — OPnir +ﬂn/-xnil + Enir (l)

where o, p are parameters to be estimated for attribute levels in the
alternative x, and a cost attribute p. The random error term ¢ is assumed
to be identically and independently distributed (iid) and related to the
choice probability with a Gumbel distribution with error variance Var
(eni) = ﬂﬁ(n2/6). un denotes a scale factor that is respondent specific.

If we divide equation (1) by uy, a scale-free utility function can be
derived with a new error term that is constant across respondents (Train
& Weeks, 2005):

Unir= =@/t )Pyis + (ﬁn/lun)/x"if + Enit (2)

where ¢ is iid with constant error variance 12/6. If y, = a,/u, and ¢, =
Bn/u, are parameters to be estimated, a model in preference space is
derived (Train & Weeks, 2005). The utility function can be modified to
reflect WTP space estimates, that is, to allow direct estimation of the
distributions of marginal WTP for non-monetary attributes. Because
marginal WTP for changes in non-monetary attributes is w, = ¢, /y,, the
utility function can be written in WTP space as:

Ui = = ¥uPuic + (}’,,Wn)/xnn + Enir 3)

We next define the sequence of choices over T, choice tasks for
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respondent nasy, = (in1,in2,*,int,). The multinomial logit (MXL) model
enables estimation of heterogeneity across respondents by allowing y,
and w, to deviate from the population means according to a random
distribution. The unconditional choice probability of respondent n’s
sequence of choices can be expressed as:

PrPr(y,, wa) = / I (7 Puit + (7,Wa) i)
" ll:lz}’:lexp(iynpnil + (}’nwn) xnjl)

f(Q)dn, @)

where f(Q) describes the joint density of the vector for parameters
related to cost and non-monetary attributes, [y,, wn|, 7, is a vector of the
random parameters, and Q refers to the parameters of these distribu-
tions. Because the integral does not have a closed form, it requires
approximation through simulation (Train, 2003). This was done using
10,000 (scrambled) Sobol draws (Sobol, 1967). In the estimation, we
allow for correlation of all random parameters (full covariance). The
cost attribute parameter is assumed to follow a log-normal distribution.
The marginal WTP coefficients of the remaining non-monetary attri-
butes, and of an alternative specific constant (ASC) for the status quo
option, are assumed to follow a normal distribution. 95 % confidence
intervals are estimated using the Delta method (Greene, 2008).

To investigate preference heterogeneity, we use so-called ‘individ-
ual-specific’ WTP values for each sampled respondent based on indi-
vidual conditional distributions resulting from the MXL model, which
are then used in subsequent regression of ‘individual-specific’ WTP with
a range of explanatory (socio-economic, attitudinal) variables. For the
regressions, we apply a random effects model. This is derived by creating
a pseudo-panel based on stacking individual WTP estimates for the WTP
estimates of non-monetary attribute levels (Yao et al., 2014). Conse-
quently, an indicator of all but one of the attribute levels also enters the
model in addition to explanatory variables. The choice models and
conditional WTP were estimated using the Apollo package in R (Hess &
Palma, 2019).

3. Results
3.1. Descriptive results

Among the 1,012 respondents, 53 were identified as protesters
(mainly due to a lack of trust in public institutions, mainly related to the
implementation and payment vehicle -i.e. taxes) and 63 as non-valid for
other reasons (less than 1 min completion time for the CE part). These
respondents were omitted from the sample, leaving data from 896 re-
spondents for further analysis.

Table 2 shows the sociodemographic characteristics of the valid re-
spondents and, where possible, a comparison with official population
statistics of the target population. The average age of the sample was 40
years, 75 % are employed or self-employed, and 53 % live with a
monthly household income up to €1,608. The survey is representative in
terms of gender and age but over-represents wealthier respondents. The
sample is also skewed towards higher education levels.
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Table 2
Descriptive statistics of the socio-economic characteristics of the valid sample
(N = 896 respondents).

Variable Proportion of Proportion of Parana
respondents (%) State* (%)
Gender (female) 52 50.9
Age distribution
18 to 29 yr 29 24.5
30 to 39 yr 23 19.9
40 to 49 yr 24 18.1
50 and above 25 37.4
Household income
(€/month)**
Up to 643.1%** 31.1 41.4
Between 643.1 and 22.3 48.1
1607.7
Between 1607.7 and 12.7 7.0
3215.4
More than 3215.4 20.8 2.6
Prefer not to say 13.1 -
Highest educational level
Lower education 0 4.9
Primary education 2.3 42.0
Secondary education 39.4 30.8
Higher education 37.9 21.1
Postgraduate education 20.3 1.2

* Population over 18 years old for 2020: 8.9 million inhabitants (Brazilian
Institute of Geography and Statistics -https://sidra.ibge.gov.br).

** 1€ = R$5.814 (in 2020), *** The value corresponds to 3.6 times the monthly
minimum wage in Brazil in October 2020.

3.2. Choice models

Mean estimates, derived standard deviations and goodness-of-fit
statistics of the MXL model are shown in Table 3. The model has a
good fit with a pseudo R? value of 0.24, mirroring those found in similar
studies like Bernués et al. (2016) or Miiller et al. (2020), and all main
parameters are significantly different from zero (at the 0.1 % level). A
majority of the correlated parameters (see Appendix C) are significant,
meaning there is significant behavioural and scale heterogeneity (Mariel
& Artabe, 2020).! The ASCgq is significant and negative, implying a
systematic preference for alternatives representing policy scenarios of
improvements compared to the status quo alternative (SQ). As param-
eters are estimated in WTP space, they directly represent (re-scaled)
WTP values.

3.3. Preferences and willingness to pay analysis

The choice model results shown in Table 3 evidence the positive
impact on utility of the increase in the supply of ES. This demonstrates a
social demand for the environmental benefits associated with increased
biodiversity (BIOD), reduced soil erosion (SOIL), carbon sequestration in
the soil (CARB), as well as cultural ES provided by landscape diversifi-
cation (LAND). Regarding CARB, there is no further gain in utility for the
level reflecting maximum improvement (CARB2) over moderate

1 A comprehensive explanation of correlated parameters is beyond the pa-
per’s scope. In any case, by observing them, several main points can be made.
First, as expected, all correlated parameters with the ASC are significant and
with the expected sign, i.e. positive with parameters of non-monetary attributes
and negative with the monetary attribute. Second, most of the significant cor-
relations are among non-monetary parameters. While this result indicates that
preferences (and scale) towards the different ES considered are related, the fact
that most of them (18 out of 28) are positive refers to the very concept of joint
consumption of environmental public goods (OECD, 2001). The only systematic
negative correlation involves SOIL1 (for which 8 out of 8 correlated parameters
are negative), suggesting that respondents may not understand (prefer) im-
provements in the levels of the other ES without a significant reduction in soil
erosion (i.e. greater than the level represented by SOIL1, i.e. —20% of soil loss).
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Table 3
Mixed logit (MXL) model in WTP-space.
Mean S.E. SD S.E.
Parameters of the utility function ASCSQ (Status quo alternative specific constant) —0.0298 i 0.0037 0.0104 wx 0.0043
LAND1 (Visual amenity-intermediately complex) 0.1035 0.0192 0.2317 0.0198
LAND2 (Visual amenity-highly complex) 0.2353 0.0195 0.3295 0.0226
SOIL1 (Soil loss reduction by 20 %) 0.2227 0.0221 0.2740 0.0211
SOIL2 (Soil loss reduction by 50 %) 0.2971 0.0248 0.3459 0.0234
CARBI1 (Carbon storage increased by 25 %) 0.2367 0.0213 0.2887 0.0230
CARB2 (Carbon storage increased by 50 %) 0.1928 0.0201 0.2276 0.0233
BIOD1 (Biodiversity increased by 30 %) 0.3748 0.0229 0.2701 - 0.0193
BIOD2 (Biodiversity increased by 60 %) 0.5414 0.0351 0.5309 0.0300
COST 1.6205 0.1063 1.5548 0.1629
Goodness-of-fit statistics LL —4491.795
Parameters 65
Pseudo R? 0.240
AIC/N 1.695
Observations (individuals) 5376 (896)

" and """denotes significance at 1% and 0.1% levels, respectively. For the sake of readability, correlated parameters are reported in Appendix C. The COST attribute is
scaled (100:1) and its sign has been reversed to directly yield positive values reflecting respondents’ WTP for a change in the attributes. The ASC was scaled by the

factor 10.

changes (CARB1).

While estimates in Table 3 reflect marginal WTP, Table 4 gives an
overview over re-scaled estimates for each attribute, and Fig. 2 shows
visualised marginal WTP distributions. Respondents are willing to pay R
$541 per household and year, on average, to increase biodiversity by 60
% (BIOD2) over the status quo. Likewise, reducing erosion rates and
increasing SOC storage by 50 % (SOIL2 and CARB2, respectively) would
imply a WTP of R$297 and R$193 per household and year. In addition,
the respondents revealed their desire to support the change in the cur-
rent land use system, in a way to support a shift to more diverse agri-
cultural ecosystems where the natural forests are present (attribute
levels LAND1 and LAND2).

All estimates are significant at 0.1 % level. Estimates were calculated
following the Delta method.

A complementary analysis exploring preference heterogeneity is
shown in Appendix D (Table D1), where the random-effects regression
model is presented. Results show that the preference heterogeneity to-
wards ES provided by farmland in Parana is related to respondent so-
cioeconomic characteristics (especially income, profession, and
education level), lifestyle (leisure activities related to the environment),
and attitudes (especially towards policy and environmental threads). We
find an intuitively plausible positive relationship between respondents’
WTP and (i) the level of agreement with rewarding farms with larger
naturally vegetated areas in less developed regions; and (ii) considering
climate change as one of the major problems for the society. Similarly
indicating differing degrees of concern about environmental issues, we
also find negative associations between WTP and (i) respondents in
professions or studies unrelated to the primary sector or the environ-
ment; and (ii) respondents who do not carry out leisure, cultural or

Table 4
Marginal WTP of each change in the provision of ES and total WTP for attribute
bundles (scenarios).

Attribute level Mean S.E. Conf. interval (95 %)
Lower bound Upper bound

ASCSQ 297.60 37.28 224.52 370.67
LAND1 103.54 19.21 65.88 141.20
LAND2 235.32 19.52 197.06 273.57
SOIL1 222.74 22.14 179.35 266.14
SOIL2 297.12 24.77 248.56 345.68
CARB1 236.71 21.27 195.02 278.40
CARB2 192.80 20.07 153.47 232.14
BIOD1 374.76 22.90 329.86 419.65
BIOD2 541.44 35.14 472.58 610.31
Scenario 1 1131.80 62.29 1009.72 1253.89
Scenario 2 1564.28 76.43 1414.48 1714.08

Marginal WTP distribufions

Marginal WTP In 1,000 R$

LAND 1 IAND 2 SOIL1 SOIL2 CARB1 CARB 2 BIOD_1 BIOD_2

Altribute

Fig. 2. Marginal WTP distributions (in 1000 R$) for attributes.

spiritual activities related to the environment. However, in contrast to
expectations based on previous literature that WTP increases with in-
come, we find a positive relationship between WTP and respondents
with lower income levels.

4. Discussion

There is a growing interest in Brazilian society in environmental is-
sues. The environmental agenda is at the centre of national and inter-
national debate about the future of Brazil’s rich natural environment
and resources. The WTP estimates found in this CE study indicate that
there is a high demand for changes in agricultural land use and man-
agement to deliver improved ES provision in the Brazilian state of Par-
ana. Our results regarding the sign and magnitude of the ASC also
provide evidence that respondents prefer to move away from outcomes
implied by current policy (Aslam et al., 2017; Hynes et al., 2021;
Meyerhoff & Liebe, 2009). The overall results point to preferences for
greater landscape complexity that combine production and environ-
mental conservation. Observing the WTP estimates for each ES, policy
design should promote biodiversity enhancement at a larger extent, but



L.M. Parron et al.

also soil conservation, carbon sequestration, and landscape amenities.
This demand for multifunctional agricultural areas has been previously
evidenced, with the relative values for attributes related to biodiversity
and landscape amenity in line with the results obtained for Mediterra-
nean agricultural ecosystems (Alcon et al., 2020; Bernués et al., 2014;
Rodriguez-Ortega et al., 2016). In addition, this work corroborates
earlier findings (Dupras et al., 2017) on landscape amenity as an
important ES. These results particularly add an important aspect to ES
valuation studies focusing on agricultural systems, in which improve-
ments in the visual landscape quality due to the adoption of more sus-
tainable systems related to a greater landscape complexity are often
been disregarded.

Surveyed respondents also show sensitivity to the level of change in
ES provision. WTP is greater for greater levels of ES provision. This is the
case for all ES considered, except carbon sequestration. However, pref-
erence patterns seem to be different between ES, with WTP more than
doubling for larger changes, compared to moderate ones, for landscape
amenities, which is different from changes in WTP encountered for soil
conservation and biodiversity. For these two attributes, attribute levels
reflecting larger changes double the improvement in ES provision for
both soil conservation and biodiversity compared to attribute levels
reflecting moderate changes, but WTP increases by just 33 % and 44 %,
respectively. As for carbon sequestration, this suggests a pattern of
diminishing marginal benefits for three of the four ES investigated.
Similar preference patterns for ES have also been reported previously for
agricultural systems (e.g., Bernués et al., 2014) and forest systems
(Sagebiel et al., 2017), but are for the first time reported for Brazil.

Whereas command-and-control instruments have been largely and
comprehensively used to achieve such environmental goals in Brazil,
they proved to be ineffective due to lack of farmers’ involvement (Rajao
et al., 2020), government enforcement capacity and political will.
Therefore, a need arises for testing and developing alternative policy
instruments that can assist command-and-control laws to improve
effectiveness of environmental protection.

Several instruments including market-based instruments such as PES
have been proposed to facilitate the implementation of strategic policies
about environmental issues. Those instruments are considered by a
significant number of Brazilian actors as an innovative way of imple-
menting environmental policies and are increasingly taken into account
in national regulations (Filoche, 2017, Sauquet et al., 2014). The PES
schemes implemented in Brazil so far are generally experimental with
currently small scale coverage (Viani et al., 2019, Santos et al., 2020).
However, a more wide-spread implementation faced two fundamental
problems. First, what is the justification for payment and, related to this,
who should pay. Second, how much to be paid. With regards to the first
issue, our results lend support to financing policy programs with public
money (e.g., through regional taxes) aimed at improving the provision
of ES in agricultural areas.

With regards to the second issue, the WTP estimates could be used to
set maximum payments below which PES schemes would yield net social
benefits.? In particular, taking the mean WTP per household and year for
Scenario 1 (R$1,132) and Scenario 2 (R$1,564), as shown in Table 4,
aggregate annual WTP is estimated to be R$1,700 million for Scenario 1
and R$ 2,350 million for Scenario 2 (considering the 1.5 million
households with available income in Paran State”). These results reflect
maximum funds to yield net social benefits of R$226/ha/y and R$313/
ha/y for policy programs aligned with Scenario 1 and 2, respectively,
considering 300,000 rural properties in Parana (average area of 50 ha)
and an enrolment rate of 50 %. These figures are proxy estimates that
nevertheless give strong support for the implementation of environ-
mental policies and programs in the Parana State to reward farmers that

2 This does not include any transaction costs.
3 Information given by the Brazilian Institute of Geography and Statistics
(https://sidra.ibge.gov.br).
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are in agreement with the environmental laws in terms of protected
areas and further maintain additional areas of conservation in their
properties. Our estimates are of the same order of magnitude as the
average payments (around R$300/ha/y, according to government
sources) of a PES financed by the Sao Paulo State government for set-
aside farmland for native vegetation conservation and restoration and
production systems improvements (a description of the scheme is
available in Santos et al., 2020). The Sao Paulo PES determines values of
compensation based on opportunity cost related to not using part of the
farmland. The comparison of the WTP estimates with such a payment
indicates the potential of a PES scheme in Parana State to pass a benefit
cost test, especially because the WTP estimates provided relate to less
stringent policy scenarios not entailing farmland set-aside (as implied in
the Sao Paulo PES).

The results also show a high degree of preference heterogeneity,
similar to previous findings on the impact on individual’s WTP of so-
cioeconomic characteristics and attitudes and opinions (Colombo et al.,
2006; Faccioli et al., 2020). However, among the results, two findings
are particularly worth commenting due to their novelty. First, the pos-
itive relationship between respondents’ WTP and agreement with
rewarding highly-naturally vegetated farms in less developed regions
clearly indicates that some respondents would be more in favour of
targeting the related policy in such areas. We interpret this as an indi-
cation of individuals’ sense of fairness. Fairness requires a concern for
relative payoffs between oneself and others or between third parties. A
key component of the human sense of fairness is inequity aversion,
defined as the willingness to sacrifice material payoffs for the sake of
greater equality (Brosnan & de Waal, 2014). In this sense, van Hecken
et al. (2012) also find fairness to be key for individuals’ WTP for ES
produced in agricultural systems. Our survey established a connection
between climate change and the need for more sustainable farming
practices to meet the growing demand for food while protecting the
environment. We argue that part of the reason why people are sensitive
to these causes is a sense of fairness to ensure that farmers are not left
alone facing the social cost of a transition towards more complex rural
landscapes as a solution to dealing with climate issues.

Second, a closer look is deserved for the counterintuitive result re-
flected in the positive relationship of WTP and lower-income levels, as it
opposes most of the previous studies (e.g. Rodriguez-Entrena et al.,
2012) which find positive income effects. There is little evidence that
income shapes the environmental preferences of Brazilian respondents.
In particular, Aklin et al. (2013), using a wide sample on the Brazilian
population, find non-linear income effects on (general) environmental
preferences. Interestingly, while our results specifically focus on ES
provided by agricultural systems, they are in keeping with the cited
study where it is found that those with income higher than 10 minimum
wages (between 2 and 5 minimum wages) are less (more) pro-
environmental. As for Aklin et al. (2013), we interpret this result as
indicating that Brazilian high-income people usually have less trust in
public institutions with regards to the implementation of environmental
policies. In any case, the fact that the effect found here is significant at a
10 % level recommends cautiousness and calls for further research on
this issue.

Our study has limitations regarding the sample, the ES representa-
tion, sampling period, and spatial criteria, that are worth pointing out.
First, despite having quotas on age, gender, and income, the survey
failed to reach the sub-group of the population without internet access
(which is linked to low income and education). CE using online surveys
does have some advantages over other modes. Among them are ran-
domisation of questions, choice tasks, and alternatives and attributes
within choice tasks, which are easier to implement in online surveys
(Mariel et al., 2021). Online surveys also do not suffer from interviewer
effects. In our case, to reach those without internet access by face-to-face
surveys would have improved sampling and thus strengthened the
robustness of our findings. De Leeuw et al. (2008) and Mariel et al.
(2021) argue that mixed-mode surveys that combine different survey
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modes are a way of taking advantage of the strengths and compensating
for the weaknesses of each mode. However, using different survey
modes also provides challenges regarding bias arising from survey mode
effects, and thus advantages and disadvantages of mixed-mode surveys
need to be carefully evaluated (Watson et al., 2019).

Second, the survey was carried out after the first wave of pandemic
and 66 % of our respondents stated they had not been affected by Covid
19 at the time of the survey. A detailed analysis of Covid impacts on WTP
is beyond the scope of the paper, but an initial analysis using conditional
WTP estimates shows that there is a little systematic effect of stated
Covid impacts on WTP. This may be because implications had not been
fully felt yet at the time of the survey. More optimistically, it is
encouraging to see WTP for more sustainable land use options despite
Covid 19, perhaps also due to raised awareness of human-nature in-
teractions in creating pandemics (Soga et al., 2021).

Finally, this study has not been spatially explicit while the provision
of some ES is (Glenk et al., 2020; Granado-Diaz et al., 2020). Biodiver-
sity, soil erosion, and carbon may all carry considerable non-use value,
which may be arguable related to comparatively lower spatial discount
effects. Yet, landscape amenity is probably an aspect that is most
important if directly exposed to landscapes (i.e. high use values), for
example through living in peri-urban or rural areas, or through regular
travel or commute through agricultural landscapes, or because of an
interest to use landscapes for recreation (Hatan et al., 2021).

5. Conclusions

The study presents the results of a choice experiment (CE) conducted
through an online survey among residents in Parand State to elicit
preferences towards more sustainable land use and management sce-
narios. The results show a positive and considerable WTP for the
enhanced supply of ecosystem services (ES) and specifically biodiversity
improvements, soil erosion reduction, carbon sequestration, and a more
complex visual appearance of landscapes. Together the findings indicate
that the level of landscape complexity associated with the increase in ES
is an important issue for citizens of Parana State and that land use sce-
narios that combine production and environmental conservation are
preferred. This adds an important aspect to ES valuation studies focusing
on farmland, in which landscape amenity impacts related to higher
landscape complexity are frequently overlooked.

The study supports economic appraisals of land use scenarios and the
development of policy initiatives towards this end. The shift from a
landscape dominated by monocultures to a multifunctional mosaic
landscape that promotes the recovery of natural ecosystems and sus-
tainable agricultural and forestry practices would safeguard food secu-
rity while offering synergies with biodiversity, cultural, and regulating
ES. Our study shows that there is a local demand for transitioning to-
wards more sustainable agricultural systems in Brazil as one of the
powerhouses of global agricultural production. In particular, results
indicate that there would be a case for the implementation of in-
struments (e.g. incentive-based ones such as PES) aimed at that objec-
tive. The results, including those focusing on preference heterogeneity,
particularly point to the need of implementing further economic ap-
praisals like the present study in affected regions and across Brazil,
where this type of appraisal is remarkably scarce.
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