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ABSTRACT

Payments for ecosystem services (PES) schemes have been increasingly implemented in developing countries
where gender-related inequalities are generally prevalent. A randomized field trial in Kenya revealed the impacts
of participants’ gender in conservation auctions and in environmental performance of action- and outcome-based
PES schemes and provided evidence for associations between the gender effects and traditional gender roles.
First, we identified differences between men and women in the utilities of the contract and relative risk aversion
as potential drivers of the decrease in bids by women compared to men in the auction for action-based contracts.
Second, we observed a gender-specific difference in perceptions of risk in the outcome-based approach when
women increased their bids. Third, women achieved lower tree survival than men, despite women providing
more effort. In this context, we identified the inequality in reciprocal labor for male and female contract holders
as a possible source of the gendered tree survival. This case study showed that targeting women improves gender
equity in terms of access to project decision-making, trainings and cash, and can significantly improve the

effectiveness of the PES scheme.

1. Introduction

Market-based policy instruments have been increasingly applied to
procure ecosystem services in the past three decades, whereas payments
for ecosystem services (PES) represent the mostly used mechanism
(Schilizzi and Latacz-Lohmann, 2016). Conservation payments convert
“external, non-market environmental values into financial incentives”
for private landholders (Engel et al., 2008, p. 664), as they offer pay-
ments/compensate for their provision of ecosystem services (Pagiola
et al., 2005; Wunder, 2005). PES have been extensively applied to
watershed protection, addressing conflicts between up-stream land-
holders who impact the water quality and quantity and downstream
water users (Escobar et al., 2013; Richards et al., 2017).

In terms of PES contracts, two approaches have emerged, namely,
outcome- and action-based conservation payments. In the context of
enhancing PES performance, linking payments to outcomes is argued to
boost PES effectiveness, as opposed to conservation payments for
compliance with action prescriptions. The outcome-based contract
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design gives landholders the flexibility to achieve the desired en-
vironmental outcome and is expected to increase intrinsic motivation,
resulting in increased environmental performance but decreased pri-
vate compliance costs (Holm-Miiller et al., 2006; Latacz-Lohmann and
Schilizzi, 2005; Matzdorf and Lorenz, 2010; Schwarz et al., 2008).
However, outcome-based approaches impose the additional risk of not
achieving the desired goals, so they may induce participants to request
risk premiums (Latacz-Lohmann and Schilizzi, 2005; Schwarz et al.,
2008; Witzold and Schwerdtner, 2005; Zabel and Roe, 2009).

A major challenge in PES schemes is how to select the contracts
under a budget constraint (Hajkowicz et al., 2007). Additionally,
asymmetric information exists between landowners and the conserva-
tion agency, which can limit the effectiveness of PES programs (Ferraro,
2008). Procurement auctions among suppliers of ecosystem services
reveal their opportunity costs, as the participants compete for a limited
number of conservation contracts. The bids, however, also contain
bidder’s expectations about the maximum payment; thus, they do not
represent true opportunity costs (Ferraro, 2008; Latacz-Lohmann and
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Schilizzi, 2005; Latacz-Lohmann and Van der Hamsvoort, 1997).
Linking the two above contexts, the outcome-based approach and
tendering contracts could improve PES effectiveness. However, theo-
retical predictions on allocating outcome-based contracts via an auction
are ambiguous. Specifically, while auctions are expected to decrease the
informational rents, linking payments to outcomes increases risk for
participants (Schilizzi et al., 2011; Schilizzi and Latacz-Lohmann,
2016). Moreover, specific opportunities and challenges exist for ten-
dering conservation contracts in low-income countries (Wiinscher and
Wunder, 2017). Field trials in Indonesia and Malawi contributed to the
little evidence on the performance of tendering in developing countries
(Ajayi et al., 2012; Jack, 2010, 2013; Jack et al., 2009). This case study
directly compares the auctions for action- and outcome-based con-
servation contracts in Kenya. Because we have reason to believe that a
participant’s gender might influence bidding behavior and PES schemes
in general, we also examine gendered impacts on the two contract

types.

1.1. Gender and PES

PES schemes have been increasingly implemented in developing
countries, which represent important suppliers of ecosystem services
(Kerr et al., 2012; Swallow et al., 2009; Wunder et al., 2008). In de-
veloping countries, despite some progress over the past two decades,
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gender-related inequalities are prevalent, wherein in agriculture
women have limited access to productive resources, grow less profit-
able crops and women’s rights to land often depend on their marital
status (FAO, 2011; GEF, 2013; Kiptot and Franzel, 2011; World Bank,
2012). In Africa, despite being recognized as key actors in agriculture,
women face difficulties accessing financial credits, appropriate tech-
nology and extension services and are more labor constrained (Kiptot
and Franzel, 2011; Kiptot et al., 2014). Eliminating the gender im-
balance would lead to higher agricultural productivity (FAO, 2011;
Murage et al., 2015).

While gender impacts have been sufficiently investigated with re-
spect to agricultural production, limited evidence exists for gender
impacts in food security (Kiptot et al., 2014), in forestry and con-
servation (Colfer and Minarchek, 2013) and for PES in particular.
Kiptot et al. (2014) argue that addressing gender gaps in Africa will
potentially reduce poverty and improve food security, provision of
ecosystem services, as well as climate change mitigation. However, the
few studies on gender and conservation show ambivalent results. On
the one hand, mixed-gender decision-making is shown to possibly im-
prove environmental outcomes and food security (Villamor et al.,
2014b) and to result in the maintenance of protection forests and
agroforestry (Villamor et al., 2017), while on the other hand, women
react more positively than men to logging and oil palm conversion
(Villamor et al., 2014a, p. 752).
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Fig. 1. Study area: a) Kapingazi River catchment, b) Study area in Kenya, c) Kenya in East Africa.
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Hence, in this study, we were interested in exploring gendered
performance in PES contracts, given the notion of differential land
rights and thus, decision-making powers not only to generate insights
on how a gender-responsive PES scheme might be developed but also to
contribute to the literature on gender and PES. Without undermining
family labor’s contribution to the delivery of PES contracts, our focus
was on the behavior of men (usually the husband and household head)
and women (the wife, and in some cases, the household head) towards
PES contracts. We argue that traditional gender roles imply gender
differences in the willingness to accept PES contracts and in environ-
mental performance. Moreover, we hypothesize that men and women
might react differently to the incentives given in the action- and out-
come-based PES schemes. With respect to the latter, studies show that
the decisions on agroforestry and other livelihood opportunities reflect
gender differences in “exposure to and perceptions of risks” (Villamor
et al., 2014b, p. 128) and that “men and women may differ in their
willingness to assume risks with respect to the provision of ecosystem
services” (Villamor and van Noordwijk, 2016, p. 77). The objectives of
this study were (i) to compare the performance of auctions for action-
and outcome-based contracts and to examine the impacts of gender on
the PES schemes as well as (ii) to explore the relationships between
gender impacts on PES and gender roles and behavior.

2. Materials and methods
2.1. Study area

We conducted the study in the Kapingazi River catchment of the
Upper Tana River watershed in Kenya (Fig. 1), where intensive agri-
cultural land use and deforestation have resulted in severe soil erosion
and stream siltation and where there is a high potential for conservation
payments to reverse the degradation (Balana et al., 2011; Hoang et al.,
2014; PRESA, 2010). The Kapingazi River begins at the Mt. Kenya
forest boundary at approximately 2000 meters above sea level and joins
the larger Rupingazi River 750 meters lower, near Embu Town. At
about 1000 meters above sea level, the Rupingazi flows into the Kam-
buru reservoir, the second biggest of six reservoirs along the Tana River
(Balana et al., 2011, p. 2636; Mbugua, 2009).

The Kapingazi catchment was one of the research sites of the PRESA
(Pro-Poor Rewards for Environmental Services in Africa) project of the
World Agroforestry Centre (ICRAF). In addition, the Upper Tana
Natural Resources Management Project (UTaNRMP), supported by the
International Fund for Agricultural Development (IFAD) and the Global
Environmental Facility (GEF), has been active in the study area.® The
Kapingazi catchment covers an area of 62km? and the bounding co-
ordinates of the catchment are approximately 37°27” 37°31’E and 0°20’
0°34’S (Balana et al., 2011, p. 2636; Firmian et al., 2011). The research
site lies between 37°27’E to 37°29’E and 0°25’S to 0°33’S and covers
middle part of the catchment where both coffee and tea prevail, coffee
zones in the lower parts and areas with dominant subsistence farming
in the lowest parts of the catchment.

2.2. Study sample and data collection

The research team approached all households on both the right and
left riverbanks of the Kapingazi River within the demarcated research
sites to invite study participants and conduct a baseline survey from
October to November 2011. Aiming at a more gender-balanced study,
we randomly sampled male or female household representatives, pro-
viding both genders with equal opportunity to participate in the auc-
tions and allowing an assessment of gender behaviors. As a result, our
sample included 190 men (44.5%) and 237 women (55.5%). The

3 Mount Kenya East Pilot Project for Natural Resources Management (MKEPP-
NRM) preceded this project.
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prevalence of women is because 20% of the households permanently
lacked a male representative and a female representative was directly
approached.

In the sampled population, 62% were cash crop farmers who
planted mainly coffee (96%) or tea (3%). The remaining 38% of the
farmers planted food crops, with mainly maize (77%) followed by beans
(15%). We describe the latter as subsistence farmers since they produce
predominantly for their own consumption and only partly sell their
production at local markets. Further, the average yearly gross house-
hold income was 208,087 KSh (2,365 USD), with a standard deviation
of 368,781 KSh (4191 USD). In this regard, the household income of
subsistence farmers was 31% lower compared to cash crop farmers,
which qualifies the farm type as a proxy for low or high income.” The
average age of the respondents was 54 years, the average schooling
represented 8years, and the main ethnic group was Kiembu (93%).
Finally, the study area was characterized by small land holdings with an
average household land size of 3 acres and an average land strip along
the river of 65 meters.

All surveyed landholders were invited to a workshop where the
study was introduced. We organized nine workshops in the nearby
coffee collection centers and schools. Discussions with landholders
helped to fine-tune the design of the PES scheme, narrowing the con-
tract to planting indigenous trees on riparian areas. Given our limited
timeframe and challenges in measurability of watershed services, partly
due to activities of non-participants, we used tree survival as the proxy
for environmental performance. No specific information was provided
at this stage, and conservation contracts and tender procedure were
explained in detail on the auction day.

We allocated tree planting contracts through auctions in December
2011. After contract signing, training on tree planting was offered to all
PES participants, and free tree seedlings were delivered by mid
December 2011. A base payment (10% of the bid) was paid at the be-
ginning of the contract period. We inspected the implementation of tree
planting activities in February 2012 and monitored the tree watering
requirements of the action-based contracts in February and March
2012. We assessed tree survival after the sixth month contract period, in
June 2012. We awarded conservation payments and conducted a pro-
ject evaluation survey in July 2012.

2.3. Contract allocation and PES design

To our knowledge, this study is the first to compare auctions for
action- and outcome-based contracts in a field experiment. One hun-
dred and twelve men and one hundred and twenty-two women parti-
cipated in the auctions, which are 59 and 52% of the sampled popu-
lation of men and women, respectively. We stratified the auction
participants by household income and gender prior to assigning them
randomly to one of the two contract treatments.

Each contract holder planted 30 indigenous trees on their riparian
areas at the beginning of the contract. The riparian area was defined
according to Kenya’s law on riverbank protection, which determines 30
meters from the middle of the river as riparian land.> There were no
limitations on the land use. The action-based contract then required
landholders to water trees, and payments were conditional on sufficient
levels of soil moisture around the trees at the time of monitoring. Under
the outcome-based contracts the payments depended on the tree sur-
vival after the six-month contract period, independent of the actions
taken. Despite differences in the incentives given, the contract costs
consisted largely of opportunity costs of labor in both treatments. Be-
cause the tree seedlings were delivered to the farmers in a dry season

4 Two-sample t-test with equal variances (n = 407): diff = 0.311, p = 0.001.

5 Environmental Management and Coordination, (Water Quality) Regulations
2006. Legal notice No. 120, Legislative supplement No. 36, September 29,
2006. Republic of Kenya.
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(December), intensive tree watering was crucial for the tree seedlings to
survive, considerably increasing the cost of labor.

A budget-constrained discriminative price rule was used in both
auctions, in which the participants were asked to bid for a limited
number of contracts, and selected bidders were paid the exact amount
of their bid. Sixty contracts were selected in each auction and the
farmers finally signed 44 action-based and 54 outcome-based contracts.
In terms of gender, 43 contract holders were men and 55 were women.
Predominantly in the action-based treatment a number of bidders re-
quested very low bids, wherein only few of them later also signed the
offered contract. This led us to hypothesize on the winnefs curse, when
the willingness to accept of the selected bidder is lower than the op-
portunity costs. This was confirmed when the landholders reasoned the
contract rejection by the payment being insufficient.

2.4. Data analysis

The advantage of conservation auctions over posted offers is their
cost-revelation property, when individual bids should reflect char-
acteristics that determine the opportunity costs of participating in the
conservation contracts (Ferraro, 2008; Jack, 2010; Latacz-Lohmann and
Schilizzi, 2005; Latacz-Lohmann and Van der Hamsvoort, 1997). The
outcome-based approach then imposes the additional risk of not
achieving the desired goals, which might induce the participants to
increase bids (Latacz-Lohmann and Schilizzi, 2005; Schwarz et al.,
2008; Witzold and Schwerdtner, 2005; Zabel and Roe, 2009). In ad-
dition, we hypothesize gender differences in bidding behavior and re-
actions to the outcome-based risk. Consequently, we regress the loga-
rithm bids on the treatment and gender dummies and their pairwise
interactions and on the opportunity cost characteristics and control for
personal characteristics as follows:

log (bidy)) =By + BT+ B,G + B3 (T+G) + Byxi+ By, + &

T denotes treatment, taking 0 when tendering outcome-based and 1
when tendering action-based contracts. G denotes gender, taking 0 for
female and 1 for male bidders. x; represents household characteristics
that determine opportunity costs, and y; stands for personal char-
acteristics that might also influence the bids. In all OLS models reported
in this paper, we applied the variance-inflation factor (VIF) to assure
that multicollinearity was not an issue.

Opportunity cost and personal characteristics were elicited from the
baseline survey. Total yearly income corresponds to participants’ esti-
mations of household yearly incomes (transformed into a logarithm).
Subsistence farm refers to the farm type with food crop production only
and represents a proxy for low income as opposed to the cash crop farm
type with coffee and/or tea production. The survey participants also
reported their land size and whether they face labor constraints and use
river irrigation technology. Personal characteristics included age and
years of education. Further, group participation refers to local groups
such as self-help groups, women and youth groups, while organiza-
tional involvement refers to prior exposure to agricultural extensions,
water resource associations and conservation initiatives. Higher general
satisfaction corresponds to greater life satisfaction. Risk attitudes were
assessed using the question “Are you generally a person who is fully
prepared to take risks, or do you try to avoid taking risks?”, providing a
scale between 0 and 10, where 0 means “unwilling to take risks” and 10
means “fully prepared to take risks”. Thus, a higher risk attitude refers
to higher risk seeking. Finally, higher trust level refers to higher trust
towards people in the local area, while higher discount rate refers to
lower time preference. In addition to household characteristics, the
baseline survey also collected gender-disaggregated data. For 20 bid-
ders, the baseline information was not fully provided. The project
evaluation survey provided information on the efforts of men and
women in contract implementation and on the contract benefits.
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3. Results and discussion
3.1. Gender and PES

3.1.1. Gender and conservation auctions

We analyzed the bids submitted in the two conservation auctions
(treatments) to examine men and women’s willingness to accept the
action- and outcome-based contracts. The mean bid was 334 USD
(29,406 KSh) in the auction for action-based contracts and 297 USD
(26,126 KSh) in the auction for outcome-based contracts.® The standard
deviations were 369 USD and 145 USD, respectively. The minimum and
maximum bids were 2 USD and 2727 USD in the action-based and 23
USD and 1023 USD in the outcome-based treatment. In addition, almost
90% of bids were lower (71%) or equal to (16%) a wage-based amount
of 409 USD (36,000 KSh), suggesting that for most bidders this amount
was either the maximum expected opportunity cost or the maximum
expected payment we would offer.” The latter would suggest strategic
behavior in the bid formation.

Table 1 reports the results of the ordinary least squares (OLS) re-
gression of logarithm bids on the main characteristics. We transformed
the original metric state of bid into natural logarithms, to account for
the non-linearity in the relationship between the bid amount and the
predictors. Consequently, the coefficients on explanatory variables can
be interpreted as percentage changes in bids (Jack, 2010, p.15;
Wooldridge, 2003, p. 42-43). The regression results showed that men
submitted between 18 and 26% higher bids than women. Furthermore,
testing for combined effects revealed a statistically significant interac-
tion between gender and treatment/contract type. This result implies
that ignoring the interaction would result to a narrow conclusion that
the bid was significantly impacted only by contract type or participant’s
gender. The bid was however determined by the combined effects of the
contract type and gender. At the same time, testing for the interaction
of the treatment with the farm type and risk-averse behavior did not
reveal significant effects or change the model parameters.

Displaying the margins clearly shows differences in bids between
men and women across and within the two treatments (Fig. 2). Table 2
reports the pairwise comparisons of the predictive margins. The re-
ported contrasts (i.e., differences) decompose the effects of the treat-
ments and gender on the bids into comparisons against reference ca-
tegories (StataCorp, 2013, p.323). We show the differences in Kenyan
Shillings and percentages. In particular, the action-based treatment had
a 55% increase in men’s bids as opposed to women’s bids (row 4), and
women submitted 23% lower bids in the action-based compared to the
outcome-based treatment (row 2). For a different basis of comparison,
women’s action-based bids decreased 36% versus men’s, and in wo-
men’s bids, the outcome-based treatment increased 30% compared to
the action-based treatment. In the auction for outcome-based contracts,
women’s and men’s bids were statistically indistinguishable (row 1),
and there was no significant difference in action-based and outcome-
based bids for men (row 3).

In addition, three other variables were significantly associated with
the bids, namely, risk attitudes, trust behavior and life satisfaction
(Table 1). The increase in bids with increasing risk seeking corresponds
to the theoretical prediction that risk-averse participants lower their
bids to increase the probability of winning a conservation contract. The
rationale behind this process could be that the conservation payment
decreases landholders’ income uncertainty (Latacz-Lohmann and Van
der Hamsvoort, 1997). The drop in bids with increasing levels of trust
towards locals is perhaps due to the lower possibility of conflict when
implementing the contract. Life satisfaction was positively correlated
with household income; thus, it can likely be interpreted in terms of

6 The exchange rate at the time of the auction (14 December 2011) was: 1 US
$ = 88 KSh (www.oanda.com).
7200 KSh per day over 180 days = 36,000 KSh.
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Table 1

Bid determinants.
Bid (in log) (1) oLs (2) OLs (3) OLS
Gender & Treatment & Interaction
Male (0/1) 0.183* (0.080) 0.260%* (0.091) 0.102 (0.112)
Action-based treatment (0/1) —0.091 (0.081) —-0.261* (0.110)
Interaction term® - 0.338* (0.164)
Opportunity costs characteristics
Income & Land
Total yearly income (in log) 0.029 (0.050) 0.019 (0.050)
Subsistence farm (0/1) —0.042 (0.088) —0.041 (0.095)
Total land (acres) 0.022 (0.015) 0.02 (0.015)
Labor & Technology
Stated labor constraints (0/1) —0.057 (0.074) —0.075 (0.078)
Irrigation technology (0/1) —0.016 (0.131) —0.013 (0.131)
Personal characteristics
Age (years) 0.004 (0.004) 0.004 (0.003)
Education (years) —0.005 (0.013) —0.005 (0.013)
Group participation (0/1) 0.015 (0.094) 0.038 (0.094)
Organization involvement (0/1) 0.054 (0.081) 0.051 (0.079)
General life satisfaction (0-3) 0.100* (0.045) 0.110* (0.044)
Risk attitudes (0-10) 0.051** (0.019) 0.052%* (0.018)
Trust to locals (0-3) —0.099* (0.046) -0.107* (0.045)
Discount rate (0-2) -0.013 (0.047) —0.026 (0.047)
Constant 9.954%** (0.053) 9.169*** (0.553) 9.358*** (0.560)
Observations 221 203 203
Wald chi-squared 5.21% 37.91%** 45.67%*%*
R-squared 0.025 0.154 0.175
Adjusted R-squared 0.021 0.086 0.104

Notes: * Interaction term for the treatment and gender. Bootstrapped VCE errors (1,000 replications) are in parentheses. P-values: + p < 0.1, * p < 0.05, **
p < 0.01, ***p < 0.001. Influential observations excluded based on Cook’s D. Dummy variables are described as (0/1), with “no” coded as 0 and “yes” coded as 1.
The range for categorical variables is provided in parentheses. For description of variables, see Data analysis.
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Fig. 2. Predictive margins of the bids for the treatment-gender interaction
calculated from predictions of the OLS regression in Table 1: column 3. 95%
confidence intervals.

Table 2

contract utility decreasing as wealth increases. Contrary to our ex-
pectations, neither the reported labor constraints nor the availability of
irrigation technology significantly impacted the bids. Finally, including
a dummy for female headship in the regression models did not reveal a
statistically significant effect, and the model’s parameters remained
unchanged.

Although the bids might also contain strategic elements and mis-
calculations, a fraction of the variation in bids could be explained and
statistically significant and consistent effects revealed. At the same
time, the results show that rather than opportunity cost observables, the
personal characteristics determined the bidding behavior. Regarding
the main hypothesis, in our study gender significantly impacted the
willingness to accept in conservation auctions, and the effects differed
between the action-based and outcome-based contract types. This
finding corroborates with Jindal et al. (2013, p.76) in a study in Tan-
zania wherein a significant gender effect was found on bids for tree
planting, with male bids being on average 18% higher. The authors did
not, however, elaborate on the result, mentioning “higher opportunity
costs of labor for men, greater demand for trees by women, or some
other difference between the genders” to potentially explain the gen-
dered bids. Based on the optimal bidding model developed by Latacz-

Pairwise comparisons of predictive margins of the bids for the treatment-gender interaction term.

Treatment interaction with Effect

Contrast (KSh) Contrast (%)

Gender

(1) Outcome-based#Male vs. Outcome-based#Female
(2) Action-based#Female vs. Outcome-based#Female
(3) Action-based#Male vs. Outcome-based#Male

(4) Action-based#Male vs. Action-based#Female
Observations

Within subject

Within subject

Treatment effect
Treatment effect

2,468 (2,745) 10.7
-5,297* (2,180) -23.0
2,024 (2,984) 7.9
9,789%** (2,781) 55.2
203

Notes: Calculated from predictions of the OLS regression in Table 1: column 3. P-values: + p < 0.1, *p < 0.05, ** p < 0.01, *** p < 0.001. Bootstrapped VCE

errors are in parentheses.
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Table 3

Tree survival determinants.
Number of surviving trees (1) OLS (2) OLs (3) OLS
Gender & Treatment
Male (0/1) 2.086* (0.965) 2.134* (1.030) 2.067* (1.001)
Action-based treatment (0/1) —0.381 (1.118) —0.498 (1.128) —0.075 (1.057)
Conservation payment
Payment in units of 10,000 KSh 2,108 (1.121)
Opportunity costs characteristics
Income & Land
Total yearly income (in log) 0.774 (0.592) 0.728 (0.643)
Subsistence farm (0/1) 1.197 (1.207) 1.386 (1.219)
Total land (acres) —0.346 (0.294) —0.360 (0.279)
Labor & Technology
Stated labor constraints (0/1) —0.642 (1.141) —0.469 (1.098)
Irrigation technology (0/1) 1.701 (1.523) 2.032 (1.760)
Personal characteristics
Age (years) —-0.037 (0.047) —0.004 (0.054) —0.011 (0.053)
Education (years) —0.287* (0.138) —0.249+ (0.150) —0.249+ (0.145)
Group participation (0/1) 2.790* (1.358) 2.688+ (1.567) 2.402 + (1.428)
Organization involvement (0/1) 1.453 (1.024) 1.211 (1.050) 0.483 (1.034)
General life satisfaction (0-3) 0.093 (0.686) —0.168 (0.762) —0.160 (0.698)
Risk attitudes (0-10) —0.094 (0.206) -0.120 (0.231) —0.089 (0.223)
Trust in locals (0-3) —0.038 (0.583) —0.039 (0.647) —0.028 (0.609)
Discount rate (0-2) 0.512 (0.643) 0.600 (0.638) 0.515 (0.598)
Constant 26.105%** (3.541) 16.141* (7.680) 13.608 + (7.671)
Observations 95 95 95
Wald chi-squared 21.75* 24.67 + 26.46*
R-squared 0.202 0.248 0.295
Adjusted R-squared 0.107 0.105 0.150

Notes: Bootstrapped VCE errors (1,000 replications) are in parentheses. P-values: + p < 0.1, *p < 0.05, **p < 0.01, *** p < 0.001. For description of variables,

see Data analysis.

Lohmann and Van der Hamsvoort (1997), we posit that the decrease in
female bids in the action-based treatment might be explained by gender
differences in (i) opportunity costs, (ii) contract utility, and (iii) risk
aversion. In addition, we suggest that gender differences in risk beha-
vior resulted into the gendered treatment effect. We analyze the re-
levant factors and test the hypotheses in the Sub-sections 3.2.1 and
3.2.2.

3.1.2. Gender and environmental performance

On average, 25 (84%) and 26 trees (85%) survived out of 30
seedlings planted in the action-based and outcome-based treatments,
respectively. Examining the tree survival determinants in an OLS re-
gression framework (Table 3) shows men achieved approximately two
(7%) more surviving trees than women. Further, the tree survival in-
creased with participation in a local group and with the conservation
payment amount; conversely, it decreased with years of education. Two
observations are not included in the tree survival analysis due to flood
damage that could not be controlled by contract holders. The regression
results then remain consistent when accounting for the count nature of
the outcome variable (negative binomial regression) and when cen-
soring for the maximum number of trees (Tobit regression, right-cen-
sored at 30).°

Education’s negative effect might be because education increases
the alternative livelihood options; thus, educated people tend to more
precisely consider opportunity costs when taking decisions or actions
related to their livelihoods. Social network benefits in terms of labor
sharing and conflict prevention might explain the positive effect of
group participation. The revealed association between the payment and
tree survival suggests that the environmental performance increased
with payment amounts. Contrary to our expectations, tree survival did
not differ for the action-based and outcome-based treatments.

Including the interaction of the treatment with gender did not
change the model’s parameters, and the interaction is not statistically

8 Procedure used in Jack (2010).
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significant. Further, including the variable for female headship did not
show a significant effect on tree survival; neither did it change the
model’s parameters. Consequently, with respect to the main hypothesis,
we conclude that in our study gender impacted the environmental
performance, regardless of contract type or household headship. Three
explanations are possible for the gender difference in tree survival.
First, environmental performance might be influenced by natural con-
ditions. Second, a gender difference existed in tree planting knowledge,
which we consider key for the effort to translate into the desired en-
vironmental outcome. Third, differences in tree survival were linked to
gender differences in invested effort. In our study, the natural condi-
tions for tree planting were fairly equal, where the same mix of in-
digenous trees had to be planted on riparian land. Consequently, we
narrow our focus to men and women’s tree planting knowledge and
efforts in contract implementation as possible drivers of the sig-
nificantly higher tree survival for male participants (see Sub-section
3.2.3).

3.2. Gender roles, behavior and knowledge, and impacts on PES

3.2.1. Gender roles and behavior

Land tenure was found to be traditionally associated with males,
with men being perceived as the household heads. Based on workshop
discussions and a report of the Upper Tana Natural Resources
Management Project (UTaNRMP, 2012), we found men to be the main
decision-makers and payout recipients from cash crops. The intra-
household analysis in Table 4 shows that men were also dominant in
tree management, being the decision-makers in 50% of the households,
as opposed to 15% of women. Exotic commercial tree species such as
Eucalyptus and Grevillea robusta dominate our study area (Hoang et al.,
2014; UTaNRMP, 2012), and the authority of men over tea and coffee
production and tree management reflects the trend in other studies
across Africa that show men’s concentration in wholesale trade and
high-value crop trees (Kiptot and Franzel, 2011; Rocheleau and
Edmunds, 1997). The observed dominance of women in subsistence
farming is also consistent with other studies from Sub-Saharan Africa
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Table 4
Intra-household decision-making and labor division in male-headed households.
Male Female Jointly N Male Female Jointly N
Who decides on these activities? Who performs these activities?

Agricultural production & farm labor
Crop planting 27 27 46 327 14 37 49 309
Crop harvesting 15 32 53 325 14 37 49 308
Weeding 13 37 50 327 13 44 43 307
Mulching 22 28 50 237 20 38 42 218
Labor hiring 26 28 46 275 35 35 30 267
Tree management
Tree planting 50 15 35 315 48 20 32 301
Tree pruning 50 18 32 291 57 18 25 264
Resource allocation & produce marketing
Household expenses & savings 21 21 58 322 22 26 52 317
Inputs purchase & use 33 17 50 324 42 28 30 318
Sell of farm produce 25 25 50 317 24 46 30 312
Consumption of farm produce 17 35 48 316
Family care
Children’s education 37 11 52 246 43 21 36 244
Caretaking of relatives 15 18 67 272 11 34 55 268

Notes: The figures in the table are indicated in percent, that is, of the number of households taking decisions on/performing the activity (denoted as N), what was the
share in percent decided/performed solely by men, solely by women, or jointly by men and women. Female-headed households (N = 82) are excluded from the

analysis, resulting in the total number of 327 observations.

(Kiptot and Franzel, 2011; Meijer et al., 2015; Rocheleau and Edmunds,
1997), wherein we found women to have greater stakes than men in
decisions related to harvesting, weeding, and crop consumption.

Further, we assessed gender income by disaggregating the reported
yearly income of the household into the shares generated by men and
women and revealed gender differences in income, which are linked to
the above evidence that men dominated in the higher end of the value
chain. The female-dominated food crop sector yields significantly lower
incomes compared to the male-controlled cash crop and timber pro-
duction. Men on average generated 20% more income than women, or
women contributed 17% less to household income. Excluding the fe-
male-headed households from the analysis, the gender gap becomes
much more remarkable, with a 75% increase in men’s versus women’s
income; conversely, the results show a 43% decrease in women’s versus
men’s income.

The labor division, to a great extent, reflects decision-making roles
in which men invest the most labor in tree management and joint and
women’s labor dominate in food crop production. Moreover, in several
areas of joint and men’s decision-making, women invest more labor
than men. In particular, while marketing produce involves joint deci-
sion-making, the women mainly sell the produce. Further, although
decisions on caretaking of relatives are taken jointly, more women than
men assume the responsibility (Table 4). Similarly, while men take over
decision rights and earnings from cash crops, women are the main
collectors of tea leaves and coffee beans (UTaNRMP, 2012). The find-
ings concur with the literature showing that although women perform
most of the labor in agricultural production, they have limited rights
over the produce, are prevented from decision-making on cash crops,
and normally have obligations to provide labor for male-controlled
fields, while the men bear no reciprocal responsibility (Kiptot and
Franzel, 2011; Colfer and Minarchek, 2013).

Our study also presents a special case in which women assumed
headship, mostly due to the husband’s urban labor migration or the
female’s status as a widower. A separate analysis shows that women, in
the absence of their husbands, perform men’s tasks, even if 80% of the
female-headed households have other male household members. Thus,
the labor burden of female heads is particularly high. As mentioned
above, 20% of our sampled households were female-headed, and 21%
of the auction participants and 18% of the contract holders were
women who assumed household headship.
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3.2.2. Gender impacts on bids

The evidence on gender roles and behavior allows us to prove po-
tential sources of gender heterogeneity in bids, as hypothesized above
(see sub-section 3.1.1). First, the gendered income suggests lower re-
turns for female labor when the contract costs covered mainly the op-
portunity costs of labor. Nevertheless, women’s opportunity costs in the
conservation contract were not necessarily lower because women faced
higher labor constraints than men. Gendered income might play a
crucial role because it defines the utility of conservation contracts.
Hence, the optimal bidding behavior of auction participants is to submit
a bid amount “if the expected utility in case of participation exceeds the
reservation utility” (Latacz-Lohmann and Van der Hamsvoort, 1997, p.
410), and the decrease in women’s bids might be explained by women’s
lower reservation utility. For women the expected utility of a low-price
conservation contract might still be higher than the utility without the
contract, given that women generate significantly lower income than
men and lack alternative livelihood options.

The evaluation survey supports the second hypothesis. Most parti-
cipants were willing to accept a tree planting contract at the same price,
showing that both men and women were satisfied with the payments
received. Further, women were more likely than men to decide alone on
the use of the payment, with 67% of men but only 44% of women
deciding jointly with their spouses. Moreover, 64% of women but only
51% of men stated the payment had contributed “much” to their live-
lihood, while for 36% of women and 44% of men, the improvement was
only “little”, and two men (5%) stated they observed no improvement
at all.

The third hypothesis is that the decrease in bids made by women
could also be explained by an increase in women’s risk aversion, in that
risk aversion is predicted to decrease the willingness to accept in con-
servation auctions (Latacz-Lohmann and Van der Hamsvoort, 1997).
First, assessing risk attitudes of the sample population does not reveal
women being generally more risk averse than men. The Arrow-Pratt
measure of relative risk aversion however predicts people are generally
more risk taking with greater assets (Pratt, 1964); relative risk aversion
is specified as the percentage value of wealth one “is willing to put at
risk” (Tobler and Weber, 2014, p. 155). Applying this concept to our
study, the risk aversion of women was proportionally higher as a result
of gendered income; thus, it might induce women to further lower their
bids.
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Further, given that the randomized treatment assignment allows for
isolation of the effect of the contract type on the bidding behavior, the
significant increase in female bids in the outcome-based compared to
action-based treatment leads us to hypothesize that women, in contrast
to men, have requested risk premiums. The gendered treatment effect,
thus, suggests that women perceived higher risk in the outcome-based
approach than men. This finding can be best explained within the risk-
return framework that interprets differences in risk taking as “differ-
ences in the perception of the riskiness of the choice options rather than
from differences in attitude towards perceived risk” (Weber, 1999;
p.61). Risky preferences have been empirically proven to concur with
perceptions of the riskiness of the choices (Weber and Milliman, 1997),
and obvious cultural differences in risk behavior relate to different
perceptions of the risk rather than to different attitudes towards the
(perceived) risk (Weber and Hsee, 1998).

Moreover, while sufficient evidence shows that women are gen-
erally more risk averse in their decisions (Charness and Gneezy, 2012;
Eckel and Grossman, 2008; Hersch, 1996), other investigations of
gender differences in risk behavior show that this tendency derives
from the tendency of women to perceive the same risks to be greater
than men do (Weber, 1999). Schubert et al. (1999, 2000) found that
women are not generally less risk taking in their financial choices than
men, but that the gender differences in risky decisions coincide with
gender perceptions of riskiness. Similarly, Slovic (1999) show that
gender differences in risk taking originate in women consistently per-
ceiving higher riskiness across a set of choices than men. Additionally, a
study by Harris et al. (2006) reveals that mostly, women perceived
probabilities of negative outcomes from risky choices significantly
higher than men did. We found evidence that women expected sig-
nificantly fewer trees to survive than men. In the baseline survey, out of
30 trees planted in December, men on average expected 28, but women
only 27, trees to survive for six months.’

3.2.3. Tree planting knowledge and male and female efforts in PES schemes

We addressed a potential gender gap in tree planting knowledge by
the training offered to all contract holders prior to delivering the tree
seedlings. Subsequently, an inspection at the beginning of the contract
period revealed all tree seedlings to be appropriately planted. This
finding implies that the difference in tree survival did not result from an
insufficient tree planting knowledge that was crucial for the up-take of
the tree seedlings. In this respect, we examined whether differences in
male and female effort during the contract period were responsible for
the variation in tree survival.

In the evaluation survey, the PES participants specified the amount
of time they spent caring for trees by season. The contract holders were
also asked to rank the most important activities they performed to
maintain the 30 trees in the last 6 months and to indicate who con-
ducted the activities. First, men allocated less time to tree care than
women. In the dry season, on average, men invested 5.6 hours and
women 7.7 hours a week to tree care. In the rainy season, the weekly
time spent was 5.2 hours for men and 6.9 hours for women. Second, we
regressed the binary conduct of implemented tree care activities on the
set of regressors that we used in the bid and tree survival analyses
(using probit regressions). We found that female contract holders were
more likely to weed and fertilize, the two most frequent tree care ac-
tivities, after watering. We also revealed that outcome-based contract
holders were more likely to implement all the tree-caring practices in
addition to watering, which is consistent with the theoretical prediction
on the incentive effect of the outcome-based approach to enhance the
choice of actions expected to achieve the desired environmental per-
formance. Discovering that female contract holders provide more effort
than males is, however, counterintuitive in explaining the decrease in
tree survival for women. Hence, we further examined the potential

9Two—sarnple t-test with equal variances (n = 407): diff. 0.992, p = 0.010.
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Table 5
Labor division for tree care activities in male-headed households.
Contract holder ~ Spouse  Jointly =~ N°

Male contract holder (N = 33)
Watering 67 0 33 33
Weeding 64 22 14 28
Fertilizing 82 11 7 28
Guarding from people 85 0 15 26
Guarding from animals 84 8 8 13
Insecticides/Pesticides 100 0 0 14
Female contract holder (N* = 33)
Watering 76 0 24 33
Weeding 81 9 10 31
Fertilizing 93 7 0 27
Guarding from people 85 0 15 20
Guarding from animals 87 6 7 15
Insecticides/Pesticides 50 42 8 12

Notes: The figures in the table are indicated in percent, that is, of the number of
(male or female) contract holders implementing the activity (denoted as Nb),
what was the share in percent conducted solely by the contract holder, the
spouse, or jointly by the contract holder and the spouse. Of the 98 contracts, 33
men and 33 women were interviewed on labor division under the conservation
contracts (denoted as N?). Eighteen female-headed households were excluded
from the analysis, and fourteen surveys lacked data (the missing numbers are
random).

differences in the reciprocal support of husbands and wives in im-
plementing the contract.

The gender-disaggregated data for male-headed households re-
vealed that more women than men provided labor support to their
spouses who were awarded the contract (Table 5). In the case of wa-
tering, 76% of female contract holders provided their own labor while
only 67% of the male contract holders did so. The gender gap was even
more remarkable in weeding, which is also a regular and labor-in-
tensive activity. In particular, for 22% of male contract holders, their
wives did the weeding while only 9% of female participants received
support from their spouses. For fertilizing, the increase in female in-
dividual labor was 11%. Applying insecticides and pesticides was the
only activity dominated by male labor. This fact might relate to the
traditionally prevalent role of men in the purchase of inputs, whereas
the activity was marginally implemented compared to activities in
which women played a considerable role. In addition, contract holders
regardless of gender predominantly protected the trees from being
damaged by people and strayed animals. The substantial support of
women to their husbands in the most frequent tree care practices is
consistent with the above findings that women invest labor into men’s
activities while benefiting rather sporadically from men’s labor. More-
over, in the 18 female-headed households that were awarded contracts,
women alone performed all tree-caring activities.

3.2.4. Gender impacts on tree survival

Although women provided more effort than men in the contract
implementation, the latter achieved 7% higher tree survival. Several
issues can be linked to the gender differences in environmental per-
formance. First, trees were rather men’s domain; thus, men might have
more knowledge on tree planting. We however found that all partici-
pants, both men and women, planted the trees in an appropriate way.
Second, the better performance of men might result from the fact that
more women than men provided labor support in the three main tree
care activities to their spouses who were awarded the contract.

To explore the statistical effects of labor reciprocity on tree survi-
vals, we included binary variables on reciprocal labor into the above
tree survival analysis. Here, the number of observations decreases to 79
because 14 surveys lacked labor data. For the two most common
practices, watering and weeding, the coefficients suggests that more
trees on average survived if the spouse provided labor, compared to
labor of the contract holder only. The effects are however not
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statistically significant. Although not proving statistically significant
effects in terms of labor reciprocity on tree survival, the gender-dis-
aggregated data on tree care provide an important insight on unequal
labor division in PES contracts that might, in addition to the generally
large labor constraints for women, drive gendered performance, and we
encourage considering it in PES studies.

In this respect, the question arises as to whether awarding PES
contracts to women is a good idea because doing so exposes them to an
even higher labor burden. In the evaluation survey, the female parti-
cipants were, however, willing to accept a tree planting contract for the
same price again. This finding suggests that women prefer to fully
provide labor and receive the contract payment because they have to
contribute labor regardless, without being rewarded, if their husbands
were to receive the contract, in addition to the fact that any PES con-
tract would present additional income for them.

Moreover, the 36% decrease in women’s versus men’s bids for ac-
tion-based contracts implies that despite the 7% decline in women’s
tree survival, allocating the action-based contract to women was highly
cost-effective. Thus, we found evidence that involving women in con-
servation projects might decrease overall costs, and the effectiveness
gain of awarding contracts to women can be neutralized if tendering
contracts were tied to the outcome. Our study did not discuss ethical
considerations of whether the gender gap should be addressed in pay-
ments, but it illustrates the importance of considering both gender as-
pects and the effectiveness of a PES scheme. As mentioned above, our
study did not focus on the family unit to analyze labor allocation in tree
care activities; rather, we observed the behavior of men and women
(husband and wife) in PES contracts to discover insights on how a PES
scheme might be designed in a gender-responsive way.

4. Conclusion

The randomized field trial revealed that participants’ genders sig-
nificantly impacted the willingness to accept and environmental per-
formances in the action- and outcome-based tree planting PES schemes.
We found associations between gender effects and men’s and women’s
traditional roles and risk behaviors.

First, we found differences in contract utilities and relative risk
aversion to provide possible explanations for the 36% decrease in wo-
men’s compared to men’s bids in the auction for action-based contracts.
We argue that women derive higher utilities from the conservation
contract, because for women who traditionally depend on subsistence
farming, the payment represents an important cash income opportu-
nity. Moreover, women’s significantly lower income compared to men’s
indicates the former’s proportionally higher risk aversion, which might
provide a complementary explanation for the gender effect in the ac-
tion-based auction. Second, we found that the 30% increase in female
bids in the outcome-based compared to action-based treatment reflects
that women perceive higher risk in the outcome-based approach.

Third, we found that although women provided more effort than
men in the contract implementation, the latter achieved a 7% higher
tree survival. Our study did not deeply examine underlying factors for
gender differentials in PES contracts, but as the data have shown, intra-
household dynamics manifested in decision-making, traditional roles,
and inequality in reciprocal labor provide plausible explanations why
the environmental performances of men and women differed, despite
the revealed uniform performance at the contract’s start. Clearly, this
finding points to the significant and important role women play in
conservation activities; thus they should be empowered to take an ac-
tive part and benefit equitably from PES contracts. Our study findings
reinforced our approach to providing equal opportunity for men and
women to participate in the auctions and align with the general interest
of recognizing and harnessing women’s potential role in conservation.

Finally, to the best of our knowledge this is the first time that intra-
household gender differences and gendered risk behavior are argued to
determine the bids and that men and women are shown to react

21

Ecosystem Services 35 (2019) 13-22

differently to outcome-based PES. Moreover, the findings confirm many
of the concerns raised in the PES literature, namely, that tree planting,
tree care, and conservation in general might expose women to addi-
tional costs without gaining corresponding benefits if gender is not
considered in contract allocation specifically and in PES designs gen-
erally. As the study has shown, targeting women improves gender
equity in terms of access to project decision-making, trainings and cash
and can significantly improve the effectiveness of the PES schemes.
However, because women might be more averse to risks associated with
PES schemes and because evidence shows that conservation programs
can negatively affect women’s land rights (Jindal et al., 2013), PES
designs should always be tailored to local conditions, bearing in mind
both gender equity and conservation goals.
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