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a b s t r a c t

The impact of climate change on farm soils in the tropics is the combined result of short-term soil man-
agement decisions and expanding precipitation extremes. This is particularly true for cultivated lands
located in steeply sloping areas where bare soil is exposed to extreme rainfall such as the Birris water-
shed in Costa Rica. Farmers in this watershed are affected by increasing degradation of soil regulation
services and respond with different level of efforts to conserve their soils. This paper examines influ-
ences on farmers’ decisions through a survey involving interviews with a sample of farmers (n = 56) to
test hypotheses on how a combination of cognitive variables (beliefs, risk perception, values) and socioe-
conomic variables shape decisions on soil conservation. Results show that farmers’ awareness of their
exposure level to soil erosion combines with other variables to determine their level of soil conserva-
osta Rica tion. Using discriminant analysis, three groups of farmers were identified based on their soil conservation
efforts. ANOVA pairwise-comparison among these groups showed significant differences in respect to
levels of awareness, perception of risk, and personal beliefs along with territorial exposure and participa-
tion in soil conservation programs. Our results help to understand farmers’ complex decision-making on
soil conservation and help designing policies to support the provision of soil regulation services especially
in areas highly exposed to increasing frequency of extreme precipitation events such as Central America.
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. Introduction

Soil erosion, land use and water management are highly inter-
inked. In Central America, unsustainable use of marginal lands
s widespread and has caused severe soil erosion, which in
urn reduces productivity of soils in upstream areas (Pimentel
t al., 1995) and, downstream, water quality regulation services
Southgate and Macke, 1989; Lutz et al., 1994a; Guo et al., 2000).
n addition to these anthropogenic factors, precipitation distribu-

ion plays an important role in erosion. According to the model
f Wischmeier and Smith (1978), extreme rainfall events inter-
ct with high sloping and unprotected soils, increasing kinetic
otential of raindrops to remove soil particles increasing erosion

∗ Corresponding author at: Adaptation, Ecosystem Services and Land Use Policy
nalysis, Climate Change Program, Tropical Agriculture Research and Higher
ducation Centre (CATIE), 7170 Turrialba, Costa Rica. Tel.: +506 25582528;
ax: +506 25582053.

E-mail address: rvignola@catie.ac.cr (R. Vignola).
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nd sedimentation downstream. For Central America a significant
ncrease in intensity and frequency of extreme precipitation events
as been observed (Aguilar et al., 2005) and is projected to increase

urther (Magrin et al., 2007).
Exposure to precipitation extremes and the high susceptibil-

ty of soils to erosion due to questionable management make this
egion highly vulnerable to climate change. The Costa Rican Min-
stry of Environment estimated that reduced soil fertility and soil
rosion, partly due to the human and natural factors described
bove, caused a 7.7% reduction in agricultural Gross Domestic Prod-
ct from 1970 to 1989 (MINAE, 2002). Moreover, the National
ommission on Land Degradation (CADETI, 2002) estimates that
0% of agricultural land is severely over-utilized due to poor man-
gement practices as a result of short-term responses to productive
eeds of farmers.
Policies and development programs to foster soil conserva-
ion in vulnerable watersheds of tropical countries like Costa Rica
se tools like direct economic incentives such as the Payment for
cosystem Services (PES) scheme (Pagiola, 2008; Wunder et al.,
008). However, adoption rates of conservation practices in Costar-

http://www.sciencedirect.com/science/journal/02648377
http://www.elsevier.com/locate/landusepol
mailto:rvignola@catie.ac.cr
dx.doi.org/10.1016/j.landusepol.2010.03.003
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can watersheds where intensive and market-oriented agricultural
ctivities have caused large deforestation and soils are prone to
ntense erosion are low (Abreu, 1994). This is the case of the Birris

atershed where other factors than direct payments are influenc-
ng farmers proneness to adopt soil conservation practices. Here,
ES schemes need to complement existing direct incentives with
ther strategies to achieve intended additionality. An analysis of
nstitutional and cognitive aspects associated with soil conserva-
ion can give insights to the design of successful programs (SWCS,
003).

The reason for that is that often the cost-effectiveness of soil
onservation programs depends on whether erosion is considered
nly for its off-site effects or also for on-site effects (i.e. in the latter
ase farmers might have a direct personal incentive to implement
oluntary conservation) (Wossink and Swinton, 2007; Dale and
olansky, 2007). Soil conservation programs should, then, use com-
lementary tools to foster adoption of adequate practices among
armers. This paper intends to provide inputs to the design of appro-
riate soil conservation program while analyzing the complexity
f socioeconomic and cognitive variables that influence farmers’
ecision-making for soil conservation.

The objective of this paper is to analyze how cognitive and
ocioeconomic variables influence farmers’ decisions regarding
heir management of soils. More specifically, we test hypotheses, in
ur case study, concerning the influence of cognitive, exposure, and
ocioeconomic variables on farmers’ adoption of soil conservation
ractices. We test the following null hypotheses: (i) risk perception
f natural and anthropogenic activities, and knowledge of the fac-
ors causing erosion; (ii) traditional socioeconomic variables (farm
ize, tenure, education, economic status); and (iii) land character-
stics, such as location in high risk areas, considered individually
nd together, have no effect on soil conservation decisions.

This paper is organized in the following manner. Section 2 dis-
usses the decision-making processes of farmers related to soil
onservation referring to previous literature findings. Section 3
resents the case study, and describes the model and the meth-
ds. Section 4 presents the results in terms of a series of analytical
teps and the construction of cognitive variables with factor anal-
sis. Section 5 provides discussion, followed by conclusions in
ection 6.

. Farmers’ decision-making for soil conservation

A large body of literature has analyzed farmers’ decision-making
o inform the design of soil conservation programs. Economet-
ic studies based on farmers’ monetary utility functions have
een widely used to study adoption of soil conservation practices
Featherstone and Goodwin, 1993; Innes and Ardila, 1994; Soule et
l., 2000; Illukpitiya and Gopalakrishnan, 2004; Leyva et al., 2007).
eo-classical decision models assuming maximization have been
riticized by some writers as inappropriate for modeling behav-
or in real world decisions since strong assumptions on cognitive
spects are required (e.g. access to perfect information, influence
f social context, and individuals’ and social psychological charac-
eristics) (Van de Bergh et al., 2000). These authors also suggest
hat especially in developing countries, a changed behavioral eco-
omics that includes ecological and psycho-social dimensions of
griculture is emerging.

Societal response to reduce increasing vulnerability to ero-

ion requires physical assessments of erosion processes but also
n analysis of institutional and cognitive aspects associated with
he problem and its solution (SWCS, 2003; Grothmann and Patt,
005; Parry et al., 2007). The reason for that is that often the cost-
ffectiveness of soil conservation programs depends on whether
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rosion is perceived only for its off-site effects or also for on-site
ffects (i.e. in the latter case farmers might have a direct incentive to
mplement voluntary conservation) (Wossink and Swinton, 2007).
ndeed, actions directed to improve soil regulation have the poten-
ial to benefit other societal sectors. For example, soil management
ractices such as using low soil-removal ploughs can reduce soil
rosion but also increase water infiltration (Swinton et al., 2007;
ale and Polansky, 2007).

When studying farmers’ conservation behavior, the perception
f uncertain costs and benefits of conservation practices is also
elevant. As prospect theory (Tversky and Kahneman, 1974) and
ther theories indicate, decision-making under uncertainty is influ-
nced by cognitive aspects such as what is considered a loss or
ain, experience, individual values and a series of beliefs about the
unctioning of the system in which decisions are made.

To study farmers’ voluntary conservation efforts, Gould et al.
1989) used a three phase decision model: identifying the prob-
em, deciding on adoption and determining the level of effort.
hese authors found that, for socioeconomic variables, the effect
f farm size on adoption of soil conservation practices was neg-
tive while that of income was positive. In the case of cognitive
ariables, the perception of severity of impacts of soil erosion was
ositive. Similarly, Lynne et al. (1988) combined psychological vari-
bles measuring attitudes, with economic variables, such as income
nd tenure. In their model, attitudes were used as an expression
f expected value attached to a given conservation activity. These
uthors found that cognitive and psychological variables such as
eliefs on conservation of and responsibility on management of
oil had a positive effect on adoption of soil conservation practices.

Along the same line, the on-site perceived effects of conserva-
ion behavior were analyzed by Traore et al. (1998), who confirmed
hat perception of environmental problems by farmers was corre-
ponded by a higher adoption degree of environmental-friendly
gricultural practices, while socioeconomic variables like tenure
nd farm size were not significant.

The role of risk perception, beliefs, values and socioeconomic
ariables in farmers’ decision-making on soil conservation has
een a concern of environmental policies to address climate
hange threats. Risk perception, environmental values (cost-
enefit expectancy) and beliefs (i.e. knowledge base) have different
xplanatory power for decisions that address environmental
hange (O’Connor et al., 1999; Siegrist and Gutscher, 2006). For
xample, Lee and Zhang (2005) used psychometric measurements
o analyze farmers’ attitudes and risk perceptions of land degrada-
ion along with socioeconomic variables. These authors measured
he risk perceptions of farmers for the effects of grazing, opening
p farmland, cutting trees for fuel-wood and digging up a local
raditional plant on land degradation. Type of occupation and age
ave a positive effect on awareness of land degradation and on the
erception of its impacts. Farmers perceive the existence of dif-
erent ecological risks associated with land degradation activities
lthough significant misconceptions on land degradation causes
nd impacts exist among farmers’ and experts’ knowledge.

Another approach, utilized by Bayard and Jolly (2007), adapted
he Health Belief Model as a modified version of Ajzen’s the-
ry of Planned Behavior (1991). In their approach, psycho-social,
hysical and economic constructs were used to measure persons’
eliefs about costs and benefits of a given behavior which deter-
ine intention and soil conservation behavior. More specifically,

our components associated with the risk of soil degradation were

ncluded: perceived susceptibility (e.g. exposure); perceived sever-
ty (e.g. size of impacts); perceived benefits (private vs public), and
arriers (e.g. perceived behavioral control). The findings confirm
hat awareness of the problem has a positive effect on soil conser-
ation behavior, while attitudes had no significant effect. On the
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ther side, awareness is positively influenced by farmers’ higher
erception of severity and susceptibility of soil degradation risk.

Explicitly accounting for climate change risk, Grothmann and
att (2005) used the Private Proactive Adaptation to Climate
hange decision model. In this model, farmers’ access to resources,

nstitutional barriers, experience, the perception of probability and
everity of climate-related events and, finally, perceived capacity
o respond were determinants in farmers’ adoption of responsive
ehavior. These authors applied qualitatively their model to the
ase of farmers’ adoption of climate forecast information in their
arming decisions. They could show that there is inconsistency
mong farmers’ and experts’ assessment of risk and that low per-
eived self-adaptive capacity hinder adoption of risk-preventive
ehavior. In Central America, farmers’ soil conservation decisions
ave been studied mainly from a traditional utilitarian perspec-
ive, with some exceptions found in the recompilation of Central
merica case studies on economic and institutional analysis of soil
onservation projects (Lutz et al., 1994a,b).

None of these regional studies analyzed the influence of risk
erceptions and beliefs concerning anthropogenic activities and
atural events as determinants of preventive behavior of soil
rosion control. Considering the concerns of the international com-
unity and national policies on reducing the potential impacts of

limate change, it is relevant to explore how and whether risk and
auses of soil erosion are perceived and whether these influence
armers’ conservation efforts in a highly vulnerable region.

. Methods

.1. Description of the area

The Birris (coordinates 9.9◦N, 83,8◦W) is a sub-watershed of the
eventazon River in central Costa Rica flowing into the Caribbean,
nd is 4800 hectares in size. The watershed is influenced by the
aribbean climate, with 2325 mm average annual rainfall of which
bout 80% is concentrated in the period from May to December.
he topography is characterized by slopes of up to 70%, especially
n the upper part of the watershed. The population density is 161
nhabitants per square kilometer (i.e. above the national average;
NEC, 2002); most inhabitants are locally born and the majority
61%) are involved in agriculture (ICE, 2000).

Large-scale land conversion of the cloud forest in the Birris
atershed started in the 1960s when horticulture and dairy-cattle
astures were established. Intensive soil use for horticulture (217
roducers of potato, cabbage and carrots with 2.5 ha average farm
ize) and dairy-cattle pastures (122 producers with 5–7 ha aver-
ge farm size), is found mainly in riparian areas. Agriculture and
nfrastructures have reduced the cover of tropical cloud forest to
8% of the total land area in the watershed. This intense process of
orest fragmentation and intensive agricultural production makes
his area one of the largest sediment-producers in the country
Sanchez-Azofeifa et al., 2002). Average erosion rates grew from
2 ton/ha/year prior to 1978, when only 15% of the watershed was
nder horticulture, to 42 ton/ha/year in 1992 (Abreu, 1994). How-
ver, the effect of these high levels of erosion is only visible in some
reas,1 since deep andosols are common in the area (Lutz et al.,
994b; Marchamalo and Romero, 2007). To date the National Elec-

ricity Institute (ICE) yearly spends more than four million US$ to
lean its dams and around three hundred thousand US$ to pro-
ote the soil watershed management plan. On the other side the
inistry of agriculture provides human and logistic resources to

1 That is, probably only some farmers are starting to perceive its direct impacts
f erosion.
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romote soil conservation practices in upstream areas. Here, a
ecent estimation of the reposition cost of soil nutrients lost with
rosion corresponds to ninety-five thousands US$ a year (Vignola
t al., 2010).

.2. Sample and survey instrument design

To develop the survey instrument we conducted two focus
roups and interviews with key informants (farmers and agri-
ultural extension officers) to identify aspects to be included in
he analysis of farmers’ adoption of soil conservation practices in
he Birris watershed. Additionally, we also reviewed instruments
pplied in previous farmers’ adoption studies that analyzed atti-
udes and values related to soil conservation (see Section 3.3). We
eviewed questions with agricultural extension officers to ensure
hat they would be easily understood by farmers. A pilot test was
onducted with five farmers to further clarify questions.

Our sample (n = 56; N = 300) is covering around 18% of all farm-
rs in the watershed and is similar to that of previous studies
imilar studies (n = 64; Bewket, 2007). Three lists of producers
vailable from the local agriculture extension office were used for
strata-proportional selection of farmers corresponding to three

ategories of producers present in the watershed: horticulture and
airy-cattle (n = 10), horticulture only (n = 35) and dairy-cattle only
n = 11). Producers were visited in the field or at home and were
dministered by pre-trained interviewers a half-hour structured
nterview consisting of the following sections: (i) soil conservation
ractices implemented; (ii) perception of farm soil quality; (iii) risk
actors contributing to soil erosion; (iv) values that influence soil
onservation decisions; and, finally (v) questions regarding socioe-
onomic data.

.3. The decision model

Building on Bayard and Jolly (2007), we propose the following
odel of farmers’ decisions to adopt soil conservation:

D = f (B, RP, V, SE)

here soil conservation decisions (CD) depend on three types of
ndependent variables such as their belief/knowledge (B), their risk
erceptions (RP), values (V)and a set of socioeconomic character-

stics (SE). This model served as the basis of the research design
iscussed below.

.3.1. Dependent variables
To measure farmers’ soil conservation behavior we used sec-

ndary literature and key informants (e.g. agricultural extension
fficers and members of farmers associations) to build a list of
onservation practices that are promoted by existing extension
rograms or by farmers themselves in the watershed (ICE, 2000;
archamalo, 2004). The list of conservation practices includes

lanting of trees, cultivation along contour lines, use of water and
oil conservation channels, natural regeneration of vegetation in
ritical areas, among others. We constructed a binary vector for
ach practice by asking respondents to mark those practices on
he list that they were implementing when the interviews were
onducted.

We then constructed for each farmer i the dependent categor-
cal variable soil conservation effort CE(i) = 1 for low effort, CE(i) = 2

or medium effort, and CE(i) = 3 for high effort. To do this, we first
ave to consider that there are different numbers of possible pro-
ection practices Pj(i) for each productive category j (j = 1 for cattle
reeding; j = 2 for horticulture, j = 3 for both practices). For a farmer
belonging to production category j, we calculate the conservation
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core:

j
Cons(i) = P(i)

Tj

here P(i) is the total number of practices implemented by the
armer i and Tj is the total number of possible practices for pro-
uctive category j. The conservation score variable was used to
efine CE(i) by: CE(1) if less than half of the protection practices are
pplied (i.e. if Yj

Cons(i) < 0.5); CE(2) if more than half and up to 75%

f the production practices are applied (i.e. if 0.5 ≤ Yj
Cons(i) ≤ 0.75);

nd CE(3) if more than three-quarters of all possible practices are
pplied (i.e. if 0.75 < Yj

Cons(i)).

.3.2. Independent variables

.3.2.1. Cognitive variables. We draw on similar studies (Bewket,
007) that used explanatory variables of farmers’ decisions to

mplement soil conservation, such as awareness and perception
f erosion hazard, its causes and controllability. In this section, we
xplore key concepts underlying these cognitive variables.

Farmers’ beliefs (B) guide their understanding and evaluation
f causes and solutions associated with erosion control (D’emden
t al., 2008). We followed the approach of Wagner (2007), who
sed mental model questions to elicit lay-people’s beliefs on causes
f flash floods, and Bewket (2007) who asked farmers about their
eliefs on causes of soil erosion. Rankings on the importance of
ve degradation activities reported by recent studies (ICE, 2000;
archamalo, 2004; Ramirez, 2008) were used, namely: deforesta-

ion, agricultural practices, extreme precipitation, urbanization,
nd dairy-cattle pastures. We also asked questions on whether they
erceive that the “general health”2 of their soil has changed from
he past and whether they think it will change in the future as a
ay to measure their judgment on the continuity of the erosion
roblem over time. Additionally, perceptions on the positive role
f trees in erosion control and riparian protection, as recognized in
he literature (Tejwani, 1993; Bruijnzeel, 2004) and promoted by
oil conservation programs, were measured.

Risk perception (RP) was measured following the psychometric
aradigm which allows identification of differences in percep-
ions among groups of individuals (Slovic, 1987). In this paper,
isk perception merely denotes the cognitive representation and
valuation of negative impacts resulting from a given activity
hat changes the environment. Risk of erosion can be defined as
onsequence-related risk that, using the classification of Slovic
1987), can be judged observable, is relatively well-known to sci-
ntists, has immediate effect and, considering the highly exposed
ontext of our study, is a relatively well-known and old prob-
em in the area. In this study, the identification of risk constructs

as adapted from previous studies that analyzed the relationship
mong environmental risk sources and behavioral intentions and
esponses (McDaniels et al., 1996, 1997; O’Connor et al., 1999; Lee
nd Zhang, 2005; Bayard and Jolly, 2007).

Farmers’ decisions regarding soil conservation are largely
riven by short-term perceived risks associated with markets and
eather, rather than long-term climate change-related hazards

Grothmann and Patt, 2005). To model this component, and fol-

owing Bayard and Jolly (2007), we built constructs to measure risk
erception using Likert scales from one to seven to measure the

ndividuals’ perception of the immediacy and saliency of impacts
rom drivers of soil erosion such as agriculture, cattle, rainfall, and

2 This concept was used by key informants when discussing on soil erosion. Soil
rosion is associated by farmers to the concept of decreasing soil health which they
erceive associated to several consequences such as decreasing productive capacity
nd increase in amount of fertilizers needed.
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ogging and urbanization. This immediacy was measured by four
onstructs; namely, severity, uncontrollability, observability and
apidity. Additional questions were intended to measure the extent
o which individuals perceive themselves to be living in areas gen-
rally exposed to soil erosion risk.

Values (V) characterize those standards that individuals judge
ppropriate and desirable in a given situation, and thus reflect their
rdering of preferences for end-states of the environment (Scholz,
.d.). We build, for the value items, on Lee and Zhang (2005) and
’Connor et al. (1999) to formulate questions on how much farmers
nd public administration should be held responsible for avoiding
amage to soil. Finally, all items used to measure all our cognitive
ariables are presented in Table 1.

.3.2.2. Socioeconomic variables. As reported in other studies
Grasmuck and Scholz, 2005; Siegrist and Gutscher, 2006) risk per-
eption and its associated responsive behavior is influenced by
ndividuals’ exposure. We created a binary variable to discriminate
roducers by risk areas that were identified by polygons (see Fig. 1)
eflecting the boundaries of communities subject to the highest
ates of soil erosion (Marchamalo, 2004).

Existing programs promoting soil conservation in the Birris
atershed cover a limited extent of the area. To account for

heir eventual influence on individuals’ judgment and conserva-
ion behavior, participation in an existing program was measured
ith a binary variable. Economic welfare level was included, sim-

lar to other studies (Lynne et al., 1988; O’Connor et al., 1999; Lee
nd Zhang, 2005; Bayard and Jolly, 2007), with a ranking variable
f monthly household consumption with seven levels. As seen in
ection 2, land tenure has widely been used in studying farmers’
doption of soil conservation practices. So, based on our recollected
ata we constructed an ownership variable (“owned”) which mea-
ures the percentage of total farm land that is owned by the individ-
al producer. Finally, education level (measured by five levels) and
ge of individuals were included for their important role outlined in
revious research on farmers’ conservation behavior (Traore et al.,
998; Illukpitiya and Gopalakrishnan, 2004; Lee and Zhang, 2005).

.4. Statistical analysis

.4.1. Construction of cognitive variables
In what follows we describe how we used factor analysis in

PSS (2001) on B, RP, and V to create three indexes that were
ltimately used, together with socioeconomic variables, to test
ur hypotheses. The three sets of indexes (B,RP,V) were obtained
y conducting the factor analysis with the Kaiser normalization
ethod, varimax rotation, and Principal Component Analysis as

he extracting method with the variables under each heading in
able 1. Only factors with an eigenvalue of 1 or above were retained
Kaiser-Gutmann retention criterion; Kinnel et al., 2002). Fitness
or factorial analysis was tested with Bartlets’ KMO and p-value.
otated factor loadings were used to identify relevant variables to
e used in the construction of indexes. Variables were retained if
heir rotated loadings were above the threshold value of 0.5.

In the exploratory analysis, we excluded from further analysis
he variable that measured farmers’ judgment on “own respon-

ibility not to destroy soil productivity” (VSoilProdNoDestr) for its
ow variance (ratings between 5 and 7), possibly due to strategic
nswering. Then, a separate factor analysis3 (i.e. one for each spe-
ific cognitive aspect of the decision model) reduced the number

3 In an attempt to reduce the number of variables, we ran exploratory factor
nalyses using all variables measuring cognitive aspects. The low fitness-test value
KMO = 0.352; p < 0.0001), however, did not separate consistent factors out of the 14
oaded, thus suggesting the need for a minor-aggregation analysis.
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Table 1
Items and their codes to measure cognitive variables.

Component Abbreviations Items

Belief BProdInRipAgua Riparian areas are optimal for my productive activities given proximity to water.
BProdRipGood Sloping areas are good for my productive activity.
BSoilConsCostInco Soil conservation measures do not bring much benefit, it is more the investment cost then the returns for my farm.
BSoilNeverDegr Soil is an inexhaustible resource, which is why it can be exploited continuously.
BScienceTech Scientific and technological progress in soil management allows overcoming soil degradation problems
BSoilHealth* How healthy do you think your soil is?
BSHchange** Do you consider that your soil health has changed compared to the past?
BSHChFut Do you think your soil health might change in the future?
BContrPreci How much does rainfall contribute to erosion?
BContrAgr How much do agricultural practices contribute to soil erosion?
BImpoRain Among deforestation, agriculture, rainfall, roads and cattle breeding, how would you rank precipitation impacts on

soil erosion?
BImpoAgr Among deforestation, agriculture, rainfall, roads and cattle breeding, how would you rank the impacts of agricultural

activities on soil erosion?
BTreesDecrProd Trees on farm lands decrease production.
BTreeConsSoil Trees benefit soil conservation.
BSlopeFor In high sloping areas there should be no productive activity, only forest.

Risk RPCattleObs How observable is the impact of cattle on soil erosion?
RPCattleRap How fast is the impact of cattle on soil erosion?
RPAgrRap How fast is the impact of agriculture on soil erosion?
RPCattleSev How large is the impact of cattle on soil erosion?
RPAgrObs How observable is the impact of agriculture on soil erosion?
RPAgrSev How large is the impact of agricultural activities on soil erosion?
RPEroPast How much has erosion risk increased in respect to the past?
RPEroFut How much will soil erosion risk increase in the future?
RPCrSev How large are soil erosion related losses in Costa Rica?
RPRainObs How observable is the impact of precipitation on soil erosion?
RPRainSev How large is the impact of precipitation on soil erosion?
RPRainRap How fast is the impact of precipitation on soil erosion?
RPCrContr How much can people in Costa Rica control the risk of soil erosion?
RPRainContr How controllable is the impact of precipitation on soil erosion?
RPCattleContr How controllable is the impact of cattle on soil erosion?
RPAgrContr How controllable is the impact of agriculture on soil erosion?

Values VSoilProdNoDestr Soil productivity should never be destroyed
VwstrUseCare Downstream users do not care about how we upstream producers manage our farm soils
VIncomeNow Ensuring maximum return possible for this year is much more important than ensuring soil productivity for future

generations
VProdPay Producers who are responsible for sedimentation in rivers should pay for removing such sediments from rivers and

dams
VProdOwnDec Each producer owns his farm soil so that his soil management decisions are strictly personal
VRespFutGenr For our children, we producers have the responsibility to reduce erosion
VPublicAdmPay Public administration responsible for roads should pay for removing sediments produced by this infrastructure from

rivers and dams
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ll variables are measured on Likert scales. Beliefs scales are 1 (do not agree) to 7 (ve
he same as now = 2, has improved = 3); risk perceptions are from 1 (very little) to 7

f variables from the original 38–9 cognitive indexes. In each fac-
or analysis we utilized standard procedures such as KMO values
nd commonalities to improve the separation of factors. The final
esults are shown in Table 2.

.4.1.1. Beliefs. The factor analysis on beliefs variables identified
underlying factors (KMO = 0.671; p < 0.01). With factor 1 load-

ngs, we constructed an index B1 called “Positive Thinking” (B1 =
ProdInRipAgua + BSoilNeverDegr + BScienceTech) composed of items cap-
uring (i) beliefs that soils are resilient to degradation, (ii) that
echnological progress in soil management practices is sufficient
o counter soil degradation and, finally, (iii) that producing in
iparian areas (i.e. sloping areas) is good because water is closer.
his index thus indicates the triumph of positive thinking about
roduction and technology over worries on soil degradation pro-

esses. Items from factor 2 loadings built index B2 named “soil
ritical conditions” (B2 = BSoilHealth+BSHchange). These items measure
eliefs as to how healthy farmers think their farm soil is and
hether it has changed. The scales of the two contributory items
ere structured to measure how strongly they believe their farm

i
c

w
T

ch agree); except * (very unhealthy = 1 to very healthy = 4) and ** (Has worsened = 1,
large); values scales are 1 (do not agree) to 7 (very much agree).

oil to be in critical condition (i.e. higher values correspond to
igher awareness of critical soil conditions). Factor 3 loadings

dentified beliefs associated with the importance of rainfall in
rosion processes in general and in their farm soil in particu-
ar. Index B3, termed “Climate extremes” (B3 = BContrPreci + BImpoRain),
aptures beliefs associated with this component of the erosion
roblem.

.4.1.2. Risk perception. Factor analysis for risk perception (KMO =

.71; p < 0.0001) identified four factors. Factor 1 loadings iden-
ified an underlying index RP1 called “Agricultural risk” (RP1 =
PAgrContr + RPAgrObs + RPAgrSev + RPAgrRap), which captures risk per-
eption associated with agricultural activities. More specifically,
t measures the immediacy of their impacts on erosion and how
ontrollable they are and tells us about the relevance of these activ-

ties for erosion. Based on the loadings of the second factor, we
onstructed index RP2, termed “Pasture risk”, (RP2 = RPCattleObs +
RPCattleSev + RPCattleRap), representing the perception associated

ith the immediacy and severity of pasture activities on erosion.
he index RP3 (RP3 = RPEroPast + RPRainObs + RPRainRap) is named
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ig. 1. Location, current land uses and the delimitation of areas with high soil erosi

Extreme Precipitation” and clearly complements the first two risk
erception indexes, which are directed at anthropogenic activi-
ies, by addressing judgment on natural phenomena. This index
ncludes perception of the immediacy of rainfall impacts which,
nterestingly, is correlated in the same factor with the perception
f how strongly erosion has increased in respect to the past. Finally,
n the factor analysis of risk perception, the fourth factor loaded
tems measuring perception of the controllability of erosion effects
ogether with the extent to which individuals perceive that people

n the country are able to control this environmental problem. We
ame index RP4 “control perception” (RP4 = RPCrContr + RPRainContr)
ince it measures perceptions of how controllable the erosion
ffects of extreme precipitation are, along with the capacity of Costa
ican people to cope with them

t
v
o
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he Birris watershed (A: Costa Rica; B: Reventazon watershed; C: Birris watershed).

.4.1.3. Values. Factor analysis on values items identified two
nderlying factors (KMO = 0.559; p < 0.05). The first factor loaded

tems measuring values on private aspects of the erosion prob-
em. Thus, this index called “private benefits” (V1 = VIncomeNow +
ProdOwnDec + VProdNoPay) measures preference for short-term bene-
ts, right to decision on their own farm soil (i.e. erosion is not of
ublic concern) and, finally, the opinion that producers should not
e paying for removing sediments from the river. The second factor,

n contrast, identified an index (V2 = VRespFutGenr + VPublicAdminPay)

hat captures the values related more to the public than to the pri-
ate benefits. This index is built with variables measuring concerns
n whether public administration (i.e. and not individual farmers)
hould be held responsible for removing sediment from rivers and
hether soil conservation should be ensured for the benefits of
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Table 2
Results of factor analysis with the loadings of the rotated factors for cognitive variables.

Dimension Variable Factor 1 Factor 2 Factor 3 Factor 4

Beliefs Explained variance
31.32 15.74 14.85 –
Rotated loadings

BProdInRipAgua 0.82 0.13 0.09 –
BScienceTech 0.70 −0.05 0.26 –
BSoilNeverDegr 0.67 0.22 −0.16 –
BSoilHealth −0.04 0.83 0.19 –
BSHchange 0.37 0.7 −0.07 –
BContrPreci 0.32 −0.001 0.67 –
BImpoRain 0.11 −0.11 −0.74 –

Risk perception Explained variance
33.18 14.643 10.801 10.459
Rotated loadings

RPAgrContr 0.65 0.19 −0.12 0.42
RPAgrObs 0.85 0.03 0.11 −0.09
RPAgrSev 0.76 0.22 0.12 −0.10
RPAgrRap 0.72 0.29 0.39 −0.15
RPCattleContr 0.59 0.31 0.06 0.43
RPCattleObs 0.27 0.81 0.09 0.20
RPCattleSev 0.21 0.92 0.04 0.06
RPCattleRap 0.12 0.92 0.04 0.01
RPRainObs 0.07 0.03 0.72 −0.28
RPRainRap 0.09 0.15 0.63 0.06
RPEroPast −0.11 0.06 −0.70 −0.15
RPCrContr 0.02 0.04 −0.19 0.74
RPRainContr −0.12 0.11 0.32 0.75

Values Explained variance
33.82 23.39 – –
Rotated loadings

VIncomeNow 0.71 0.41 – –
0.25 – –
0.07 – –
0.71 – –
0.70 – –
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Table 3
Socioeconomic variables of the sample (n = 56).

Variable Average S.D. Min. Max.

Age (years) 48.98 14.55 18 80
Farm size (ha) 18.30 11.11 1 38
Educationa 2.29 0.87 1 5
Incomeb 4.45 1.37 2 8

a Education is measured by 5 levels: (1) incomplete primary school; (2) primary
school; (3) secondary school; (4) college; (5) university.

b Proxied by 10 monthly consumption levels (1 US$ = 480 colones): (1) less
than 25,000 colones; (2) 25,001–50,000 colones; (3) 50,001–100,000 colones;
(
c
7

e
wees in the groups CE(1) and CE(2) (i.e. lower conservation efforts)
(Table 4).

Farmers within the group of lowest conservation efforts CE(1)
own a smaller percentage of the land they cultivate respect to farm-

Table 4
Distribution of interviewees by farm activity in the different farmers’ conservation-
effort groups of the sample.

Farm activity Farmers’ groups (n)
VProdNoPay 0.75
VProdOwnDec 0.73
VRespFutGenr 0.03
VPublicAdmPay 0.005

uture generations (i.e. expressing concerns for longer term bene-
ts of erosion control)

.4.2. Differentiation of farmers’ types
In a second step, following Carlson et al. (1977), we used

iscriminant analysis, using CE(i) as the dependent variables,
o project the socioeconomic and cognitive indexes in a bi-
imensional space allowing for visual representation of the
armers’ conservation-efforts groups and the variables character-
zing them. Finally, we tested our hypotheses in Section 1 with a
airwise ANOVA to compare groups’ means scores on cognitive and
ocioeconomic variables.

. Results

.1. Sample description

Most farmers in our sample are full-time agricultural produc-
rs (63%) and have relatively low educational levels (i.e. primary
chool). The average level of household monthly consumption is
etween US$ 200 and US$ 400 (Table 3).

The majority of interviewees (71%) do not, at present, participate
n conservation programs and the sample shows a relatively even
istribution of farmers in and outside (46%) of risk areas. Farmers

n the sample, independently from their farm production activity,
mplement on average about half (55%) of the total soil conservation
ractices we listed.
.2. Differentiation of farmers’ groups

Combined cognitive and socioeconomic variables clearly differ-
ntiate the three groups of farmers based on their conservation
4) 100,001–200,000 colones; (5) 200,001–300,000 colones; (6) 300,001–400,000
olones; (7) 400,001–500,000 colones; (8) 500,001–750,000 colones; (9)
50,001–1,000,000 colones; (10) more than 1,000,000 colones.

fforts (CE). Agriculturalists represent the majority of intervie-
CE(1) CE(2) CE(3)

Agriculture 13 14 8
Dairy-cattle 3 6 2
Agriculture and dairy-cattle 3 1 6
Total 19 21 16
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Table 5
Pairwise ANOVA comparison of the three farmers’ groups; CE(i) identifies the Conservation-Effort farmers’ group.

Group averages (standard deviation) p-Values

CE(1) CE(2) CE(3) CE(1) vs CE(2) CE(1) vs CE(3) CE(2) vs CE(3)

PartiProgr 0.11 (0.31) 0.14 (0.35) 0.69 (0.47) 0.48 0.0005 0.001
Activity 2 (0.57) 2.24 (0.53) 1.75 (0.68) 0.23 0.29 0.03
Age 48.53 (14.79) 52.57 (16.08) 44.81 (11.50) 0.39 0.39 0.13
Edu 2.37 (0.83) 2 (0.83) 2.56 (0.89) 0.21 0.44 0.08
MonthCons 4.21 (1.18) 4.33 (1.71) 4.88 (1.02) 0.49 0.11 0.28
Owned 0.70 (0.43) 0.83 (0.33) 0.70 (0.40) 0.33 0.50 0.34
RiskArea 0.21 (0.41) 0.48 (0.51) 1 (0) 0.10 0.0001 0.0002
B1 11.89 (4.93) 14.47 (4.45) 10.50 (4.80) 0.12 0.39 0.02
B2 4.42 (1.017) 4 (0.94) 3.87 (1.08) 0.22 0.17 0.48
B3 9.78 (1.81) 10.04 (2.17) 8.81 (2.28) 0.48 0.22 0.14
RP1 19.84 (3.46) 15.90 (4.08) 15.93 (3.51) 0.003 0.003 0.50
RP2 9.63 (6.83) 6.42 (4.17) 9.43 (4.76) 0.12 0.49 0.07
RP3 17.63 (2.31) 16.52 (2.69) 17.56 (2.0
RP4 6.47 (3.19) 6.81 (3.22) 5.56 (2.0
V1 13.42 (3.99) 8.38 (3.74) 10.25 (4.4
V2 10.78 (3.13) 10.80 (2.37) 12.56 (1.3

Fig. 2. Discriminant analysis for the three groups of farmers with different soil con-
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ervation efforts CE(i). Blue triangles correspond to CE(1), yellow squares to CE(2)
nd green circles to CE(3). The grey lozenge represents the spatial location of the
ariable, showing its positive or negative association with farmers groups.

rs in the other two groups. The bi-plot of discriminant analysis4

Fig. 2) identifies three separate groups of farmers distinguished
sing circles built with the confidence interval at p-value lower
han 0.05. The first canonical axis explains more than 70% of total
ariance and allows a clear separation between the group of farm-
rs with greater conservation efforts CE(3) from that of group
E(1). Clearly, group CE(3) is strongly and positively associated
ith exposure in risk areas, higher education level, more partic-

pation in programs and more “public benefits” (V2) concerns. The
gure also shows that in this group, given the negative associa-
ion with socioeconomic variables such as “age” and “own”, we find
ounger farmers owning a smaller portion of land with respect to
otal land farmed. Similarly, group CE(3), in contrast to CE(1), is also
trongly negatively associated with risk perceptions of “Agricul-

ural risk” and of “extreme precipitation”. The differences between
hese two groups are also reflected in their contrasting association
ith beliefs on topics such as “soil critical conditions” and “climate

xtremes”.

4 Data are consistent for linear discriminant analysis since the null hypotheses
or the homogeneity of variance is accepted (p = 0.4646).
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9) 0.21 0.49 0.24
6) 0.49 0.34 0.21
1) 0.0003 0.05 0.22
6) 0.50 0.05 0.01

Indexes such as “positive thinking” (B1) beliefs and “pasture risk”
RP2) perceptions are only slightly important with respect to the
rst canonical axis. In the second canonical axis, it is only cognitive

ndex B1 which shows a strong and positive association with CE(2).
imilarly, it is only with respect to this axis that the index “pri-
ate benefits” (V1) shows a stronger contribution, being positively
ssociated with CE(1) and negatively with group CE(2).

.3. Testing hypotheses of differences between farmers’ groups

The clear separation among groups of farmers (defined by
heir conservation effort) resulting from the discriminant analysis
ejects our null hypothesis supporting that a combination of socioe-
onomic and cognitive variables explain significant differences
mong farmers’ conservation efforts. In the following pairwise
NOVA we refine our hypotheses testing to highlight the differ-
ntial contribution of cognitive and socioeconomic variables by
roups of farmers. Results of ANOVA show key contrasting char-
cteristics of the three groups of farmers (Table 5).

Farmers in group CE(3) live in areas more affected by erosion and
ave greater participation in the soil conservation program than
he other two groups showing that technical assistance programs
ave been having a significant effect on adoption of soil conserva-
ion practices. In respect to cognitive variables, higher awareness
f the limits of technologies and soil to provide resilience to ero-
ion together with higher perceptions of (i) risks associated to
gricultural activities, and (ii) benefits associated to soil conser-
ation and awareness, have a positive effect on adoption. More
pecifically, farmers in group CE(3) (who are mainly agricultural-
sts) show significantly higher risk perception of the immediacy of
asture impacts on erosion than do groups CE(1) and CE(2). Sim-

larly, as opposed to the other two groups, group CE(3) is more
oncerned with the longer term benefits of erosion control (i.e. for
uture generations) as well as with a perspective that public admin-
stration should be paying for removing sediment from rivers. On
he other hand, with respect to CE(2), CE(3) farmers show signifi-
antly lower values of index B1 (i.e. positive beliefs on the role of
echnology and soil resilience to reduce the adverse effects of soil

anagement).
The group with medium conservation effort CE(2) is composed
f a significantly larger proportion of farmers dedicated to dairy-
arming with a lower participation in soil conservation programs.
armers in this group show a significantly lower perception of the
isk associated with human activities (i.e. agriculture and dairy-
attle farming) than farmers in the other two groups, and generally
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ess concern over the public and private benefits of erosion control
i.e. V1 and V2).

Consistent with the findings of the discriminant analysis, risk
erception of impacts of agricultural activities on erosion and
alues regarding short-term benefits of erosion control have an
nverse relationship with conservation efforts. Indeed, farmers

ith the lowest level of conservation effort CE(1) showed higher
isk perception of the impacts of agricultural activities on erosion
R1 = agricultural risk) than farmers in CE(3) and CE(2) Farmers in
roup CE(1) also showed higher concern with respect to groups
E(2) and CE(3) for the private aspects of soil conservation and
he importance of short-term benefits of agricultural activities
gainst the longer term benefits of erosion control (V1 = “private
enefits”). Deeper analysis of the data on tenure and production
ctivities will help to illustrate this finding. In group CE(1) we
nd mainly horticulturalists as opposed to the other two groups
where horticulturalists and dairy-farmers are more evenly repre-
ented). A comparison of the average farmland owned by these two
ypes of producers shows that horticulturalists own smaller plots
pKruskal−Wallis < 0.005) in which the opportunity cost of soil con-
ervation might be perceived as being higher. Small-scale farmers,
ealing with short-term production cycles, such as is the case of
orticulture in the area, however, might show awareness of soil
egradation but feel that private benefits are more important in
he short run.

To further explore these hypotheses we ran a non-parametric
est to compare mean values of cognitive indexes accounting for
armers’ groups CE(i) and also accounting for size of farm owned.

e thus categorized the variable “total farmland” available to pro-
ucers into two separate classes; namely, those owning less than
0 ha (n = 16) and the others (n = 40). For smaller landowners,
he group with lower conservation efforts CE(1) has a signif-
cantly higher score for beliefs about “critical soil conditions”
pKruskal−Wallis < 0.05) and “private benefits” compared to the other
wo groups (pKruskal−Wallis < 0.05). Finally, the producers in group
E(3) show greater concerns about “public benefits” (V2) aspects
han the other two groups of farmers.

. Discussion

The results of our analysis reject the hypothesis that farmers’
oluntary soil conservation efforts are not influenced by the inter-
ction of cognitive and socioeconomic variables, keeping with the
ndings of previous research in the region (Forster, 1994). Factor
nalysis allowed the identification of the most important cognitive
spects that influence soil conservation decisions and the construc-
ion of consistent indexes. The multivariate discriminant analysis
ndicates that the group of farmers with lower conservation effort
s positively correlated with cognitive variables. This contrasts with
he group showing higher conservation effort (i.e. group CE(3)),
here there is mainly a positive correlation with socioeconomic

ariables and exposure to erosion risk. This suggests that, together
ith the promoted direct payments, a complex set of factors need

o be considered in designing conservation programs aimed at pro-
oting adoption of appropriate soil management practices.
Our results indicate that complex interactions among cogni-

ive and socioeconomic dimensions influence significantly farmers’
ecisions on soil conservation. However, comparison with other
tudies in the Central American region can only be limited to socioe-

onomic and some institutional variables (e.g. presence of soil
onservation programs) while cognitive variables have been over-
ooked. More specifically, from an economic perspective, farmers

ith lower conservation effort are also those cultivating smaller
armlands, which might entail the perception of higher opportu-
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ity costs in the implementation of soil conservation practices. This
s supported by the results of the economic analysis of soil con-
ervation practices in the close Tierrablanca watershed in Costa
ica (Cuesta, 1994) where results indicate that conservation prac-
ices have negative returns also due to the proportion of productive
arm land dedicated to conservation (i.e. small farms having higher
pportunity cost). Our results also support the finding of Cuesta
1994) and Vasquez and Santamaria (1994) by suggesting that
nstitutional programs promoting technical assistance should be
trengthened given their positive effect on adoption of soil con-
ervation practices. Our findings show, however, that cognitive
ariables also influence the extent to which individual farmers
ecide to implement soil conservation practices. Farmers’ evalua-
ion of the benefits of soil conservation for agricultural production
rades off against the costs they attach to erosion control. Their
udgment on the costs of soil erosion control and on its benefits
ppears to be conditioned by their specific context, such as the
xtent and tenure regime of the land cultivated. Smaller holdings
re associated with horticulturalists that have less land available
or the implementation of conservation practices and, moreover,
re more concerned with short-term income needs, although they
core higher on awareness of risks and causes of soil erosion in the
rea.

Farmers in our sample with lower conservation efforts show
significantly higher perception of the risk of agricultural activ-

ties. This finding contrasts with those of Weber et al. (2001),
ho reported that actual exposure and awareness increase proac-

ive behavior. Additionally, the “availability heuristic” paradigm
Tversky and Kahneman, 1974) may also be playing an impor-
ant role in farmers’ soil conservation behavior. Indeed, the inverse
elationship between risk perception of the impacts of agricul-
ural activities on erosion and conservation efforts suggests that
armers may underestimate the consequences of their agricultural
ctivities on erosion. In other words, daily experience with erosion
ight give the illusion of control and/or smaller losses. Moreover,

s discussed Bewket (2007), while awareness of risk and its causes
an influence farmers’ intentions to implement soil conservation
ractices, its actual adoption depends on socioeconomic and insti-
utional aspects.

The most educated farmers do not show strong beliefs regarding
he soil’s capacity to recover or the ability of science and technology
o overcome erosion problems (B2) and they reveal higher conser-
ation efforts. These findings contrast those of Abreu (1994) whom
ound no significant effect of education on adoption level of farm-
rs in the close watershed of Tierrablanca. Educated farmers in our
ample show awareness of the importance of implementing soil
onservation practices, understanding that soil productivity can
e degraded if appropriate actions are not initiated. These find-

ngs confirm those of other authors, in keeping that education is
elated to knowledge of consequences of soil management prac-
ices and of alternative solutions, which in turn influences behavior
Carlson et al., 1977; Ervin and Ervin, 1982; Traore et al., 1998;

baga-Semgalawe and Folmer, 2000; Lambert et al., 2007). In line
ith this same argument, technical assistance programs improving

armers’ understanding of erosion causes and alternatives available
an improve their chances of adoption (Traore et al., 1998).

. Conclusions
This article provides new perspectives on the relationship
etween the perception of climate change risk posed to farm soils
nd the adoption of conservation practices. The model we used
nriches our understanding of the complex interactions among
ocioeconomic and cognitive variables by showing how these
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nteractions differentiate among specific groups of farmer types.
armers show a low awareness of the risks posed by climate-
hange related extremes to their farm soil, although they show high
oncern with the impacts of human activities. Additionally, our
esults suggest that soil conservation programs should strategically
onsider promoting improvement of understanding of the causes,
he on-site and off-site consequences, and the limitation of soils
nd technological solutions to provide resilience to erosion. This
ight improve understanding on the urgency to take action given

he potential intensification of erosion-causing extreme events in
ulnerable watersheds and increase the probabilities of larger self-
otivated adoption of soil conservation practices.
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