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ABSTRACT
Perceived proﬁtability is a key factor in explaining farmers’ decision to adopt or not adopt sustainable land management (SLM) technologies.
Despite this importance, relatively little is known about the economics of SLM. This paper contributes to the literature by analysing data on
costs and perceived cost/beneﬁt ratios of SLM technologies. Data are taken from the World Overview of Conservation Approaches and Technologies technology database and cover 363 case studies conducted in a variety of countries between 1990 and 2012. Based on an in-depth
descriptive analysis, we determine what costs accrue to local stakeholders and assess perceived short-term and long-term cost/beneﬁt ratios.
Our results show that a large majority of the technologies in our sample are perceived as being proﬁtable: 73% were perceived to have a positive or at least neutral cost/beneﬁt ratio in the short term, while 97% were perceived to have a positive or very positive cost/beneﬁt ratio in the
long term. An additional empirical analysis conﬁrms that economic factors are key determinants of land users’ decisions to adopt or not adopt
SLM technologies. We conclude that a wide range of existing SLM practices generate considerable beneﬁts not only for land users, but for
other stakeholders as well. High initial investment costs associated with some practices may, however, constitute a barrier to their adoption;
short-term support for land users can help to promote these practices where appropriate. Copyright © 2015 John Wiley & Sons, Ltd.
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INTRODUCTION
Land degradation due to mismanagement, overuse and
abuse of natural resources is a global problem (Zhao et al.,
2013; Mandal & Sharda, 2013; Angassa, 2014; Laudicina
et al., 2015; Ligonja et al., 2015), potentially leading to a
loss of ecosystem services (Keesstra et al., 2012; Zhang
et al., 2013; Berendse et al., 2015; Papanastasis et al.,
2015), and is considered to be a policy challenge of global
dimensions (Brevik et al., 2015). The concept of sustainable
land management (SLM) was introduced in the early 1990s
as a response to land degradation (Smyth & Dumanski,
1993) and has been promoted ever since. SLM encompasses
soil, water and vegetation conservation measures and is
based on the key principles of enhancing the productivity
and protection of natural resources while being economically
viable and socially acceptable (Schwilch et al., 2014). Although the need for SLM strategies is widely accepted within
the scientiﬁc community (Novara et al., 2013; Batjes et al.,
2014; Tejada & Benítez, 2014; van Leeuwen et al., 2015;
Mekonnen et al., 2015; Ndah et al., 2015; Van Leeuwen
et al., 2015), only little is known about the economics of
SLM. Filling this knowledge gap is important, as actual and
perceived costs and beneﬁts of SLM practices play a crucial
role in their adoption and spreading (Douglas, 1994; Amsalu
& de Graaff, 2007; Schwilch et al., 2014). This paper aims
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to contribute to a better understanding of the economics of
SLM by determining what kind of economic costs and
beneﬁts accrue to local stakeholders, and by assessing how
investment and maintenance costs compare to economic
beneﬁts. To this end, we analyse case study data on costs
and perceived cost/beneﬁt ratios of SLM practices contained
in the World Overview of Conservation Approaches and
Technologies (WOCAT) network’s technology database
(WOCAT, 2013a).
Economics provides a theoretical framework, the theory
of production, allowing to analyse farmers’ decisions to
adopt or not adopt SLM practices. The standard model used
in this theory conceptualises a farmer as a rational agent
maximising her or his proﬁt over time. Nkonya et al.
(2011) propose to model a farmer’s decision between
land-degrading and land-conserving management practices
as an intertemporal choice between the cost of action and
the cost of inaction. On this basis, a landowner will continue
to use land-degrading management practices as long as the
marginal costs of degradation are smaller than the marginal
costs associated with the land conservation practice.
Economic theory thus agrees with common sense that
investments in SLM, whether in form of labour, capital or
land, should result in tangible beneﬁts such as greater
production, avoidance of production losses and labour or
other cost savings in order to be of interest to land users
(Winpenny, 1996).
A vast interdisciplinary literature empirically investigates the
reasons for adoption or non-adoption of SLM practices (for
an extensive literature review, see e.g. Pannell et al., 2011).

Beneﬁts and Costs of Sustainable Land Management Technologies

Inwhat follows, we focus on selected empirical contributions. Several early studies (Ruthenberg, 1980; Ellis,
1993) showed that, in line with theoretical expectations,
smallholders indeed follow an economic logic. De Graaff
et al. (2008) conﬁrmed these results by demonstrating that
proﬁtability has a positive and signiﬁcant inﬂuence on continued use of an already adopted technology. Extensive research on rural livelihoods (Chambers & Conway, 1992;
Wiesmann, 1998; Rist, 2000; Schneider et al., 2010) revealed additional nuances, showing that factors such as social relations and cultural norms also play an important
role in farmers’ decisions. Other household characteristics
have found to be important as well, although researchers
have been unable to single out any uniform inﬂuence of factors such as age, education or farm size (Nkonya et al.,
2011). Clearly, farmers’ decisions and preferences are inﬂuenced by a much wider range of socio-economic and cultural
factors than just the monetary costs and beneﬁts of establishing and maintaining SLM practices. This further adds to the
complexity of assessing the reasons for adoption of SLM
practices, as non-monetary costs and beneﬁts are perceived
differently by different actors (Schwilch et al., 2014). Understanding farmers’ perceptions of land degradation and
SLM practices has thus become a key focus of a growing
strand of the empirical literature on SLM adoption. In an
early seminal paper, Cary & Wilkinson (1997) identify
perceived proﬁtability of SLM practices as the most important factor explaining adoption of conservation measures
by farmers. The importance of whether farmers perceive a
given practice as proﬁtable has since been conﬁrmed by several other studies (Knowler, 2004; Amsalu & de Graaff,
2007; D’Emden et al., 2008; de Graaff et al., 2008). Moreover, research has shown that land users’ perception of land
degradation as being a problem is an additional important
factor explaining adoption (Norris & Batie, 1987; Pender
& Kerr, 1998; Shiferaw & Holden, 1998; Baidu-Forson,
1999; Sidibé, 2005; Doss, 2006; Amsalu & de Graaff,
2007; de Graaff et al., 2008; Nkonya et al., 2011; Tesfaye
et al., 2014).
Despite the importance of actual and perceived costs and
beneﬁts of SLM for its adoption, relatively little detailed
knowledge is available about them. The few existing studies
present a nuanced picture. Nkonya et al. (2011) compiled results from 11 studies that applied cost/beneﬁt analysis to assess the proﬁtability of SLM practices in different regions of
the world between 1989 and 2009. They found that proﬁtability depended on the study region, the type of SLM practice, crops, the discount rate applied and the intensity of an
SLM practice (e.g. hedgerow intensity). About half of the
practices these studies investigated were proﬁtable (authors’
calculation based on Nkonya et al., 2011). Byiringiro &
Reardon (1996) found in Rwanda that investment in SLM
could increase the marginal value product of land by 21%.
Kaliba & Rabele (2004) analysed output data of 50 smallholder farmers in Lesotho and concluded that soil conservation increased yields by 17–27%, which is more than what
could have been gained by applying additional inorganic
Copyright © 2015 John Wiley & Sons, Ltd.
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fertilisers alone. Adegbidi et al. (2004) found large observable productivity effects of indigenous SLM investments
(increases of 50–70%) in Benin, but only for fairly large
plots. Kassie et al. (2008) showed in Ethiopia that stone
bunds enhanced productivity only in drier areas and stressed
the need for site-speciﬁc technologies. Mekonnen et al.
(2015) found that sediment storage dams efﬁciently
prevented soil losses in Ethiopia but involve high costs
and are thus not affordable for small-scale farmers. Herweg
& Ludi (1999) concluded, based on research in Ethiopia and
Eritrea, that SLM is rarely proﬁtable for farmers in the short
term. Bravo-Ureta et al. (2006) found positive impacts of
soil conservation practices on farm income based on an
econometric analysis of farm household surveys in Honduras and El Salvador. Giger et al. (1999), in an early review
of a sample of 50 case studies by the WOCAT network,
found that only about half of the cases for which sufﬁcient
data were available showed a positive cost/beneﬁt ratio at
the farm level when a discount factor was applied. This is
in line with the ﬁndings of Nkonya et al. (2011), who concluded that many studies found positive effects of SLM,
but that beneﬁts depended on a range of factors such as
slope, rainfall conditions and type of SLM practice.
In short, while data on private monetary costs and beneﬁts
of an SLM practice provide a basis for assessing whether
farmers will be able to cover the costs of adopting the practice from their own means or whether they will need external
support, understanding land users’ perceptions of the practice’s costs and beneﬁts is just as crucial. It is thus highly interesting to analyse available data on existing SLM practices
in terms of whether indeed land users perceive these practices as proﬁtable. Using data from the WOCAT technology
database (WOCAT, 2013a), this paper contributes to the literature in two ways: by analysing data on observed establishment and maintenance costs and by analysing data on
perceived cost/beneﬁt ratios of SLM practices. Our analysis
offers quantitative insights on two key factors inﬂuencing
farmers’ decisions to adopt or not adopt SLM practices.
MATERIAL AND METHODS
Economic information about SLM practices is difﬁcult to
collect and to quantify. An accurate cost assessment is challenging, as written farm accounts are often missing, family
labour and other in-kind inputs are hard to value and the exact size of the area on which the practice is applied is not always clear. An accurate beneﬁts assessment is even more
demanding. This is because knowledge about biophysical
outcomes (e.g. reduced erosion levels and nutrient losses, increased water retention and carbon sequestration) as well as
productivity gains and other socio-economic beneﬁts is often incomplete. It is also challenging to value increased subsistence production or determine comparable market or farm
gate prices for crops that are sold. In practice, technicians
and experts are often unable to provide reliable data on
these aspects, as they lack the resources, time and expertise
needed for in-depth research. Moreover, costs and beneﬁts –
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particularly of well-known technologies – vary signiﬁcantly
depending on the economic, social and biophysical context.
Despite these difﬁculties, the WOCAT technology database
(WOCAT, 2013a) contains some basic quantitative information about observed establishment and maintenance costs,
complemented with records on stakeholders’ perceptions of
cost/beneﬁt ratios.
Our dataset consists of 363 case studies taken from the
WOCAT technology database (WOCAT, 2013a). These
case studies have been documented using the standardised
WOCAT questionnaires on SLM technologies and
approaches (Liniger et al., 2008a,b). The supporting ﬁles –
Table SI and the Data S1 KMZ ﬁle in the Supporting
Information – list all case studies and show their locations.
The lion’s share of cases are located in Africa (46% or 167
cases) and Asia (41%, 149 cases), while Europe, Latin
America and Australia make up a relatively small share
(27, 17 and 3 cases). A comparatively large amount of data
comes from the subregions of Central Asia and East Africa,
followed by West Africa and South Asia. It is important to
note that the geographical distribution of the case studies is
not a measure of the global spread of SLM technologies
but merely reﬂects the strength of the WOCAT network in
the different regions. The SLM technologies contained in
the sample have been implemented mainly in cropland
(61%), followed by grazing land (15%), mixed land use systems (14%) and forest/woodland (4%). Reporting of case
studies seems to be biased towards cropland, even though
land degradation is often also severe in land devoted to other
uses (e.g. grazing land). Table I provides an overview of the
sample by land use and geographical region.
Two quantitative variables are used to analyse costs: establishment costs and maintenance costs. Establishment
costs are deﬁned as the speciﬁc one-off initial costs that
are incurred when adopting an SLM technology. They are
covered by investments over a period that can last anything
from a few weeks to 2 or 3 years. Establishment costs typically include extra labour, purchase or hire of machinery
and equipment and purchase of seedlings. Establishment
cost data are expressed in current US dollars per hectare.
We accounted for inﬂation by transforming establishment
cost data into constant 2010 US dollars per hectare.
Maintenance costs refer to costs incurred on a regular basis
to keep the established system functional. They generally
consist of labour and the costs of equipment and agricultural
inputs. Maintenance cost data are expressed in current US

dollars per hectare and year. To account for inﬂation, we
transformed the data into constant 2010 US dollars per hectare and year. To assess perceived cost/beneﬁt ratios of SLM
technologies, we rely on four qualitative variables taken
from the WOCAT (2013a) database: perceived short-term
ratio of overall beneﬁts to establishment costs, perceived
long-term ratio of overall beneﬁts to establishment costs,
perceived short-term ratio of overall beneﬁts to maintenance
costs and perceived long-term ratio of overall beneﬁts to
maintenance costs. Short-term is deﬁned as a period of
3 years, whereas long-term is deﬁned as a period of 10 years.
Each variable is a discrete index ranging from 1 to 7, where
1 equals very negative and 7 equals very positive. Perceived
cost/beneﬁt ratios of SLM technologies were documented
by the WOCAT network based on information and assessments from all stakeholders involved in their implementation, including land users, agricultural advisors and project
staff. Lastly, we exploit an additional qualitative variable
on land users’ motivations for adopting a practice. The data
on land users’ motivations are taken from a second WOCAT
(2013b) database on SLM approaches. According to
WOCAT, an SLM approach consists of ‘the ways and
means of support that help introduce, implement, adapt,
and apply SLM technologies on the ground’ (Liniger &
Critchley, 2007; Schwilch et al., 2012).
We provide a detailed descriptive analysis of investment
and maintenance costs per hectare of land conserved, taking
into account differences between land use systems, geographical regions and the area of land used by households
(referred to as ‘land size’ in the succeeding text). Moreover,
we present and analyse data on perceived relationships between beneﬁts and costs, on the nature of beneﬁts and on
land users’ motivations for adopting SLM practices. According to investment theory, beneﬁts and costs that accrue
in the future have to be discounted. This means that future
beneﬁts and costs must be given less weight in the calculation than short-term costs and beneﬁts (Gittinger, 1982;
Clark, 1996; TEEB, 2010; Nkonya et al., 2011; RequierDesjardins et al., 2011). The level of the discount rate
chosen heavily inﬂuences the results of the calculation.
The rationale for applying a discount rate and its applicability to environmental and other long-term issues has been
widely discussed (Clark, 1996; Winpenny, 1996; TEEB,
2010; Adhikari & Nadella, 2011; Nkonya et al., 2011;
Requier-Desjardins et al., 2011). We refrained from applying a discount rate in this study, as the required quantitative

Table I. Dominant land uses by region
Continent

Cropland

Grazing land

Forest/woodland

Mixed landa

Other land

Total

Australia
Asia
Europe
America
Africa
Total

2
87
22
10
100
221

1
26
2
1
23
53

0
8
1
0
6
15

0
19
2
2
28
51

0
9
0
4
10
23

3
149
27
17
167
363

a

Mixed land refers to a combination of land use types as dominant land use (e.g. agroforestry).
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data were unavailable in many cases. But, by relating perceived beneﬁts to costs, our valuation approach nonetheless
takes account of the fact that future beneﬁts are less certain
to accrue and often less valuable to farmers than short-term
beneﬁts.
RESULTS
We use three distinct categorisation systems for our descriptive analyses. First, we analyse costs and perceived
cost/beneﬁt ratios by type of SLM measure. We rely on
the categorisation proposed in the WOCAT questionnaire
on SLM technologies, distinguishing four basic types of
measures. For an overview, refer to the top panel in Table II.
Structural measures are found to be the most frequent type
in the sample (34%) and include terraces (bench and
forward/backward sloping), bunds and banks (level and
graded), dams, pans, ditches (level and graded), walls,
barriers and palisades. Agronomic measures are also fairly
frequent (18%) and include improvement of soil cover
(e.g. green cover and mulch), enhancement of organic matter
and soil fertility (e.g. manuring), soil surface treatments (e.g.
conservation tillage) and subsurface treatments (e.g. deep
ripping). Vegetative measures account for 12% of cases
and include plantation and reseeding of tree and shrub species (e.g. live fences and tree crows), grasses and perennial
herbaceous plants (e.g. grass strips). Management measures
make up 11% of cases and include change of land use type
(e.g. area enclosure), change of management/intensity level

(e.g. from grazing to cut-and-carry), major changes in timing
of activities and control or change of species composition.
Combinations of vegetative with structural and vegetative
with management measures occurred frequently (8% and
4%) and were therefore considered as individual categories
in our analysis. All other combinations, including combinations of three or all types of measures, were pooled in a residual ‘other combinations’ category (14%).
Second, we analyse costs and perceived cost/beneﬁt ratios
according to the type of SLM intervention, which depends
on the stage of degradation of the land on which the intervention occurs. Again, we adopt the classiﬁcation used in
the WOCAT questionnaire. It distinguishes three different
types of interventions (Liniger & Critchley, 2007; Schwilch
et al., 2012): prevention refers to SLM practices that maintain natural resources and their environmental and productive functions on land that might be at risk of degradation.
It implies that good land management practices are already
in place. Mitigation refers to interventions on land where
degradation has already begun. The aim is to halt further
degradation and start improving resources and their ecosystem functions. Mitigation impacts tend to be noticeable in
the short to medium term and provide a strong incentive
for further efforts. Rehabilitation is required when the land
is already degraded to the extent that it has become practically unproductive, its previous use is no longer possible
and the ecosystem is seriously disturbed. Rehabilitation usually involves high investment costs, while beneﬁts accrue in
the medium to long term. The middle panel of Table II

Table II. Categorisation of case studies according to types of SLM measures, types of interventions and land size
Categories
Types of SLM measuresa

Types of interventionsa

Land sizea

Agronomic
Structural
Vegetative/structural
Vegetative
Vegetative/management
Management
Other combination
Total c
Prevention and rehabilitation
Prevention only
Prevention and mitigation
Mitigation only
Mitigation and rehabilitation
Rehabilitation only
Prevention/rehabilitation/mitigation
Total c
0·5–1 ha
1–2 ha
2–5 ha
5–15 ha
15–50 ha
50–500 ha
500–10 000 ha
Total c

No. of case studies

Percentage of total sampleb (%)

61
114
27
40
13
36
49
340
6
73
21
110
11
73
6
300
90
54
37
14
15
17
10
237

18
34
8
12
4
11
14
100
2
24
7
37
4
24
2
100
38
23
16
6
6
7
4
100

SLM, sustainable land management.
a
Only ﬁrst ranks are reported.
b
Percentages might not add up due to rounding.
c
Case studies where category values were missing have been omitted.
Copyright © 2015 John Wiley & Sons, Ltd.
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indicates that roughly 70% of the cases focus on prevention
and/or mitigation while 30% of the cases involve rehabilitation measures.
Finally, costs and perceived cost/beneﬁt ratios are
analysed according to land size, in hectares (i.e. total cropland area per household, total grazing area per household
and total forestland per household). The bottom panel of
Table II reveals that 77% of the technologies have been implemented by households with small land areas (0·5–5 ha),
12% by households with medium-sized land areas
(5–50 ha) and 11% by households with large to very large
land areas (50–10 000 ha).

Analysing Observed Costs of SLM Technologies
Observed costs in constant 2010 US dollars by type of measure are analysed in Figure 1a. The 258 technologies for which
these data were available had median establishment costs of
$500/ha. Values ranged from less than 20 to over $5000/ha,
with half of all cases between 193 and $1918/ha (interquartile
range). The median maintenance costs of the same technologies amounted to $100/ha y 1, with half of the practices costing between 27 and $324/ha y 1 (interquartile range). There is
thus a huge variation in the costs of both establishment and
maintenance. This is due to the great diversity of SLM measures. Some of the high-cost technologies involve structural

Figure 1. Box-and-whisker plots of observed establishment and maintenance costs by type of measure (a), by region (b) and by land size (c). Establishment
costs refer to a period of few weeks up to 3 years; maintenance costs are regular annual costs incurred once the establishment period is over. In both columns,
missing values were ignored. The thick horizontal lines inside the boxes indicate median values, the boxes indicate the values of the middle half of all cases
(interquartile range) and the whiskers extend from the box to the extreme values. Values whose distance to the interquartile range was greater than 1·5 times the
interquartile range (length of box) were considered outliers. [Colour ﬁgure can be viewed at wileyonlinelibrary.com]
Copyright © 2015 John Wiley & Sons, Ltd.
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measures to control water ﬂow (e.g. dams or runoff channels) or
to manage erosion (e.g. terraces). The highest median establishment costs as well as median maintenance costs were reported
for technologies involving combined vegetative/management
measures – a small category (ten cases) that includes high-cost
afforestation projects in Central Asia and West Africa, which
were only possible thanks to support from development agencies. In 43% of cases, the establishment costs were fully covered by the farmers themselves. The median establishment
costs of these technologies were $350/ha, with half of the cases
ranging between 130 and $1080/ha. The median maintenance
costs were $80/ha, with half of the cases ranging between $20
and $220 per hectare. Overall, these technologies cost slightly
less than those that were partly supported from outside.
Regional differences in observed median establishment
and maintenance costs in constant 2010 US dollars
(Figure 1b) were relatively small. Median establishment
costs were higher in Europe than in Asia and Africa; this difference was to be expected and is probably mainly due to
higher labour costs. The samples from the Americas and
Australia are almost too small for a meaningful comparison;
for example, the very low establishment costs found in
Australia are owed to the fact that the sample includes no
more than three technologies, two consisting of conservation
agriculture and one of grazing management, and all requiring no initial investments. It is worth noting that although
establishment costs differ considerably between Africa, the
Americas and Asia, the median values were rather moderate
at $572, $276 and $405/ha, respectively. But, even this level
of costs may be very high for local land users to cover from
their own means. Median maintenance costs differ less between continents than establishment costs, ranging from
$72/ha y 1 for Europe to $151/ha y 1 for the Americas.
Again, variation within each region is high due to the great
diversity of technologies.
Differences in median establishment costs by land size
category are substantial (Figure 1c), ranging from $398/ha
for land sizes between 5 and 15 ha to $2092/ha for land sizes
between 500 and 10 000 ha. This suggests a positive correlation between land size and establishment costs. However, it
is worth noting that the size of our sample diminished considerably due to missing information about land size, and
that the largest land size category (500–10 000 ha) contains
relatively few cases, making the median sensitive to individual values. This category contains a number of relatively
cost-intensive projects (afforestation, pilot project for bush
clearing, physical conservation structures and others) that
were implemented with external support. The variation in
median maintenance costs is slightly smaller but still considerable. The second-largest land size category (50–500 ha)
was found to have the highest median maintenance costs
(examples include conservation tillage for large-scale cereal
production, improvement of a livestock grazing scheme, use
of mineralised artesian water to organise irrigated crop
farming and others), while the largest land size category
(500–10 000 ha) has rather low median maintenance costs,
comparable to those of the smaller land size categories. A
Copyright © 2015 John Wiley & Sons, Ltd.
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complementary simple pairwise correlation analysis between land size and establishment (maintenance) costs corroborates the evidence of a positive correlation between
land size and costs, as it produces a positive correlation coefﬁcient of 0·16 (0·21) with an associated p-value of 0·021
(0·003).
Analysing Perceived Cost/Beneﬁt Ratios
Results of our analysis of perceived short-term and longterm cost/beneﬁt ratios are displayed in Tables III–V. Overall, we found that the cost/beneﬁt ratio was perceived to be
positive in a majority of cases, although not all. Out of the
308 technologies in our sample for which the information
was available (see upper panel of Table III), almost three
quarters (73%) were perceived as having a positive (61%)
or at least a neutral (12%) ratio of beneﬁts to establishment
costs in the short term. This implies that SLM measures
are considered to pay off after as little as 1–3 years. In the remaining quarter of the cases, the ratio was assessed as
slightly negative (11%) to negative or very negative
(16%). The perceived ratio of long-term beneﬁts to establishment costs is positive or very positive for 97% of cases.
Only 1% of all cases were perceived as having a very negative to slightly negative ratio of long-term beneﬁts to costs.
A similar picture emerges when looking at perceived ratios
of beneﬁts to maintenance costs (see lower panel of
Table III). Out of the 316 case studies for which data were
available, 91% of technologies were found to have beneﬁts
that outweighed or at least equalled maintenance costs in
the short term, whereas the ratio was slightly negative to
very negative in around 9% of cases. Again, the picture becomes even more positive when looking at the long term: a
staggering 96% of cases show a slightly positive to very
positive ratio of long-term beneﬁts to maintenance costs,
and less than 2% have a slightly negative to very negative
ratio.
Table III displays perceived cost/beneﬁt ratios by type of
measure. We found that management measures have the best
perceived ratio of short-term beneﬁts to establishment as
well as to maintenance costs. This can be explained by the
fact that many management measures mainly consist in a
change of practice and require almost no investments;
accordingly, their beneﬁts quickly outweigh the costs.
Vegetative measures have the worst perceived short-term
cost/beneﬁt ratio with respect to both establishment costs
and maintenance costs: in 43% (22%) of the cases, we observed a very negative to slightly negative ratio with respect
to establishment (maintenance) costs. This might be due to
high costs of replacing plants and seeds and high costs of
keeping plants healthy and productive and to the fact that
vegetative measures such as plantation or reseeding of tree
and shrub species take time to develop their effects. The
latter hypothesis seems rather credible, as the perceived
long-term cost/beneﬁt ratio for vegetative measures is highly
positive and comparable to that of other types of measures;
vegetative measures thus seem to catch up over time in
terms of their cost/beneﬁt ratio. Long-term cost/beneﬁt
LAND DEGRADATION & DEVELOPMENT, 29: 962–974 (2018)

Copyright © 2015 John Wiley & Sons, Ltd.

0
1
0
0
0
3
0
1
0
1
0
0
0
3
0
1

13
15
23
17
18
3
22
16
2
3
4
8
8
3
9
4

Long-term

5
4
0
14
17
3
4
5

9
11
8
26
9
6
7
11

Short-term

0
0
0
0
0
3
2
1

0
1
0
0
0
0
0
0

Long-term

Slightly negative

Percentages might not add up due to rounding.
a
‘Short-term’ refers to a period of 1–3 years.
b
‘Long-term’ refers to a period of 10 years.
c
Short-term: 55 case studies omitted due to missing values; long-term: 62 case studies omitted due to missing values.
d
Short-term: 47 case studies omitted due to missing values; long-term: 53 case studies omitted due to missing values.

In relation to establishment costs (%)
Agronomic (n = 53; n = 47)
Structural (n = 106; n = 107)
Vegetative/structural (n = 26; n = 25)
Vegetative (n = 35; n = 37)
Vegetative/management (n = 11; n = 9)
Management (n = 32; n = 31)
Other combination (n = 45; n = 45)
Totalc (n = 308; n = 301)
In relation to maintenance costs (%)
Agronomic (n = 59; n = 54)
Structural (n = 105; n = 105)
Vegetative/structural (n = 25; n = 26)
Vegetative (n = 36; n = 38)
Vegetative/management (n = 12; n = 10)
Management (n = 32; n = 31)
Other combination (n = 47; n = 46)
Totald (n = 316; n = 310)

Short-term

Very negative to negative

7
13
24
31
8
6
9
13

13
12
23
20
0
6
7
12

Short-term

2
6
0
0
0
3
0
3

2
3
4
0
0
0
0
2

Long-term

Neutral

19
19
4
14
25
13
9
15

13
21
12
11
27
22
24
19

Short-term

11
8
4
13
0
0
2
7

9
5
0
5
0
3
2
4

Long-term

Slightly positive

68
61
68
33
42
75
70
62

51
41
35
26
45
63
40
42

Short-term

87
86
96
87
100
90
96
89

89
91
96
95
100
94
98
93

Long-term

Positive to very positive

Table III. Perceived short-terma and long-termb beneﬁts of sustainable land management measures in relation to establishment and maintenance costs, by type of measure
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0
0
2
0
1
0
0
1
0
0
2
0
1
0
0
1

15
0
19
0
14
28
17
16
1
0
6
10
6
0
33
5

Long-term

4
0
7
10
6
10
0
6

14
0
13
27
8
6
0
11

Short-term

0
0
2
11
0
0
0
1

2
0
0
0
0
0
0
0

Long-term

Slightly negative

Percentages might not add up due to rounding.
a
‘Short-term’ refers to a period of 1–3 years.
b
‘Long-term’ refers to a period of 10 years.
c
Short-term: 91 case studies omitted due to missing values; long-term: 97 case studies omitted due to missing values.
d
Short-term: 83 case studies omitted due to missing values; long-term: 89 case studies omitted due to missing values.

In relation to establishment costs (%)
Prevention only (n = 65; n = 65)
Prevention/rehabilitation (n = 5; n = 6)
Rehabilitation only (n = 68; n = 66)
Mitigation/rehabilitation (n = 11; n = 10)
Mitigation only (n = 99; n = 100)
Prevention/mitigation (n = 18; n = 15)
All (n = 6; n = 4)
Totalc (n = 272; n = 266)
In relation to maintenance costs (%)
Prevention only (n = 67; n = 65)
Prevention/rehabilitation (n = 5; n = 6)
Rehabilitation only (n = 69; n = 66)
Mitigation/rehabilitation (n = 10; n = 9)
Mitigation only (n = 103; n = 105)
Prevention/mitigation (n = 20; n = 19)
All (n = 6; n = 4)
Totald (n = 280; n = 274)

Short-term

Very negative to negative

16
20
19
0
10
20
17
14

14
40
10
9
15
11
0
13

Short-term

5
0
0
0
2
5
0
2

3
0
0
0
1
20
0
2

Long-term

Neutral

13
20
13
30
17
5
0
14

17
20
18
27
18
6
33
18

Short-term

6
17
5
22
6
21
0
7

2
17
0
10
7
13
0
5

Long-term

Slightly positive

64
60
55
50
62
65
50
60

40
40
40
36
44
50
50
42

Short-term

89
83
92
67
91
74
100
89

94
83
98
90
91
67
100
92

Long-term

Positive to very positive

Table IV. Perceived short-terma and long-termb beneﬁts of sustainable land management measures in relation to establishment and maintenance costs, by type of intervention
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1
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0

15
10
18
31
33
13
40
17
4
2
6
15
7
6
10
5

Long-term

5
8
9
0
7
13
10
7

9
14
21
0
0
13
0
10

Short-term

0
0
3
0
0
0
0
0

0
0
0
0
0
0
0
0

Long-term

Slightly negative

9
19
16
8
0
19
30
13

15
12
9
15
0
33
10
13
1
4
3
0
0
7
10
3

0
2
3
0
0
21
10
3

Long-term

Neutral
Short-term

Percentages might not add up due to rounding.
a
‘Short-term’ refers to a period of 1–3 years.
b
‘Long-term’ refers to a period of 10 years.
c
Short-term: 144 case studies omitted due to missing values; long-term: 143 case studies omitted due to missing values
d
Short-term: 140 case studies omitted due to missing values; long-term: 138 case studies omitted due to missing values.

In relation to establishment costs (%)
0·5–1 ha (n = 81; n = 82)
1–2 ha (n = 51; n = 52)
2–5 ha (n = 34; n = 34)
5–15 ha (n = 13; n = 13)
15–50 ha (n = 15; n = 14)
50–500 ha (n = 15; n = 14)
500–10 000 ha (n = 10; n = 10)
Totalb (n = 219; n = 220)
In relation to maintenance costs (%)
0·5–1 ha (n = 84; n = 8)
1–2 ha (n = 55; n = 54)
2–5 ha (n = 32; n = 33)
5–15 ha (n = 13; n = 13)
15–50 ha (n = 15; n = 14)
50–500 ha (n = 16; n = 15)
500–10 000 ha (n = 10; n = 10)
Totalb (n = 223; n = 225)

Short-term

Very negative to negative

15
9
13
15
0
31
20
14

16
20
24
15
7
13
20
17

Short-term

6
6
6
0
7
33
20
5

6
4
3
0
7
14
10
5

Long-term

Slightly positive

Table V. Perceived short-terma and long-termb beneﬁts of sustainable land management measures in relation to establishment and maintenance costs, by land size

67
62
56
62
87
31
30
61

46
45
29
38
60
27
30
42

Short-term

92
91
88
100
93
60
70
91

93
94
94
100
93
64
80
91

Long-term

Positive to very positive
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ratios differ considerably less between types of measures
than short-term ratios and are highly positive for all types
of measures.
Table IV displays perceived cost/beneﬁt ratios by type of
intervention. Overall, the differences between types of interventions are not very marked. One result stands out, however:
we found a rather elevated percentage (29%) of very negative
to slightly negative short-term beneﬁts compared with establishment costs for prevention-only measures. This result might
be explained by the fact that prevention measures do not directly produce beneﬁts but generate relatively high costs – at
least if compared with the alternative of doing nothing. At ﬁrst
glance, this result seems to contradict previous ﬁndings stating
that prevention generally has a more favourable cost/beneﬁt
ratio than mitigation and rehabilitation (Schwilch et al.,
2012). However, looking at the long term, a striking 98% of
prevention-only measures have a positive to very positive perceived cost/beneﬁt ratio. Our results thus simply nuance the
ﬁndings of Schwilch et al. (2012): the cost/beneﬁt ratios of
prevention-only measures are below average in the short term
but above-average in the long term. Finally, we observed that
beneﬁts regularly outweigh establishment costs, even in the
short term, as long as investment costs are low. The higher
the investment costs, the more likely the cost/beneﬁt ratio is
negative. This is not surprising, but it underlines once again
the importance of low-cost SLM solutions.
Table V reports perceived cost/beneﬁt ratios by land size
category. Again, it is worth noting that our sample diminished considerably for this analysis due to missing land size
data. Differences in short-term beneﬁts compared with both
establishment and maintenance costs are fairly marked.
Generally speaking, the results indicate that the larger the
land size, the higher the percentage of negative short-term
cost/beneﬁt ratios and the lower the percentage of positive
short-term cost/beneﬁt ratios. This ﬁnding, together with
the results from the cost analysis (Figure 1c), suggests that
technologies with rather elevated ﬁxed costs tend to be implemented more often by land users with large areas of land.
However, differences are considerably smaller when
looking at the long term, and as much as 90% of cases in
the largest land size category (500–10 000 ha) actually

achieve a positive or very positive perceived long-term
cost/beneﬁt ratio. This suggests that the SLM technologies
implemented in cases belonging to this category are highly
proﬁtable, but only after several years.
Analysing Land Users’ Motivations for Adoption of SLM
In what follows, we complement the previous analysis by
making use of information on land users’ motivation for
adopting SLM technologies. We analysed a total of 128
cases for which land users’ motivations were documented.
Some of the SLM technologies analysed in the previous text
were implemented under the same approach, whereas others
were not associated with any speciﬁc approach. Table VI
displays an overview of the results.
Land users’ most frequently mentioned motivations for
adopting a given SLM technology are production (24%), increased proﬁtability (20%) and well-being and livelihood
improvement (20%). In addition, reduced workload was
mentioned in 5% of all cases. All four answers are directly
or indirectly related to economic considerations, and together, they represent a total of 69% of the mentioned motivations. This suggests that economic considerations are
clearly land users’ primary motivations for implementing
SLM. Further motivations include environmental beneﬁts
and a number of social and cultural values, such as afﬁliation to a project or a group, compliance with rules and regulations or prestige and social pressure.
DISCUSSION
Overall, our results suggest that land users perceive most
SLM technologies in our sample as having beneﬁts that justify the required investments. Given that we show – in line
with previous research – that economic reasons are key determinants in land users’ decisions to adopt SLM technologies, these technologies can be considered well suited for
being scaled up and replicated elsewhere.
However, several important points deserve special attention. First, we should recall that our sample of SLM practices
was drawn from the WOCAT database, which focuses on
‘promising and good’ practices. Our results are therefore

Table VI. Main motivations of land users for implementing sustainable land management
Main motivationa
Afﬁliation to movement/project/group/networks
Prestige and social pressure
Environmental consciousness, morals and health
Well-being and livelihood improvement
Reduced workload
Production
Rules and regulations (ﬁnes) and enforcement
Increased proﬁt (ability) and improved cost/beneﬁt ratio
Payments/subsidies
Totalb

No. of case studies

Percentage of total sample c (%)

9
3
12
25
6
31
5
26
11
91

7
2
9
20
5
24
4
20
9
100

Only ﬁrst ranks are reported.
235 case studies have been omitted due to missing values.
Percentages might not add up due to rounding.

a

b
c

Copyright © 2015 John Wiley & Sons, Ltd.

LAND DEGRADATION & DEVELOPMENT, 29: 962–974 (2018)

972

M. GIGER ET AL.

biased towards successful practices and do not represent land
management practices in general. As all technologies in our
study were assessed as good or promising SLM practices, they
could all be expected to have a reasonable cost/beneﬁt ratio.
Second, even though our analyses include only bestpractice technologies, the ﬁndings show that roughly 25%
of the case studies in our sample are perceived as having
negative returns on investment throughout the ﬁrst
1–3 years. Moreover, the percentage of negative short-term
cost/beneﬁt ratios increases with the area of land used by
households. Thus, even though a technology may be perceived as highly proﬁtable in the long run, the initial investment period can constitute an important barrier to adoption
and might prevent it from spreading and being scaled up.
This raises questions: why and how have land users been
able to afford these investments? One explanation is that
land users often implement such systems incrementally,
gradually enlarging the area under SLM every year, or
building terraces in a continuous effort over many years or
even generations. A second partial explanation concerns external support, even though such support does not appear to
be the main motivation of land users for adopting a practice
(see Section on Analysing Land Users’ Motivations for
Adoption of SLM). In 57% of the cases studied, investments
were supported from outside, for example by development
projects or government programmes. Such support is likely
to be justiﬁed by signiﬁcant off-site beneﬁts, although this
was not investigated in detail in the present paper. Nevertheless, in as many as 43% of cases studied, the establishment
costs were fully covered by land users – a ﬁnding that is
worth emphasising. Our results thus imply that land users
need to have a long-term planning horizon. This requires stable economic and social conditions and secure tenure rights,
among other things (Liniger et al., 2007). Additional external
investment support can improve the chances for rapid uptake
and replication – but only if potential negative side-effects of
such subsidies are minimised. Practice has shown that this is
no easy task (Giger, 1999; Hellin & Schrader, 2003).
Third, while our results show that land users implement
SLM technologies because they are convinced of the beneﬁts these technologies have, land users are nonetheless frequently unable to express even economic beneﬁts in
monetary terms. Moreover, the beneﬁts that land users perceive are not always economic but may also include other
dimensions such as environmental considerations and
compliance with social and cultural norms. As a next step,
it would thus be interesting to analyse the wide variety of
perceived beneﬁts in greater detail, for instance using
WOCAT’s detailed data on perceived beneﬁts. This additional analysis could also shed light on SLM-induced productivity gains. The latter are important as SLM intends to
contribute to a proﬁtable economic development, which requires improvements in productivity.
Several methodological caveats limit the scope of the
present paper. First, the dataset used is not a randomised
sample of successful SLM practices but was compiled based
on opportunities arising within the WOCAT network and
Copyright © 2015 John Wiley & Sons, Ltd.

among its partners. Second, the shortage of additional economic data about on-site and off-site beneﬁts of the technologies studied is an important drawback. This limitation can
be explained by the persistent difﬁculties faced by both experts and land users in quantifying the beneﬁts of SLM technologies. A comprehensive and in-depth investigation of
costs and beneﬁts of SLM will thus require a detailed review
of the WOCAT case studies and additional research to ﬁll
information gaps. Third, many of the respondents in the case
studies were directly involved in projects implementing
SLM technologies. Such respondents were highly familiar
with the technologies in question, which can lead to a certain
bias too. Lastly, while the questionnaires were ﬁeld-tested
and revised a number of times and are now relatively easy
to understand and use, we cannot exclude diverging interpretation of questions and thus subjective bias in the data
(for a discussion, see Schwilch et al., 2014).
CONCLUSIONS
We exploited the WOCAT technology database and
analysed observed costs and perceived cost/beneﬁt ratios of
existing SLM technologies. We ﬁnd that land users perceive
a large majority of the technologies in the database as having
a positive long-term cost/beneﬁt ratio. About three quarters
of these technologies even have a positive or at least a neutral
perceived short-term cost/beneﬁt ratio. Moreover, our results
give a good quantitative indication of the range of investment
and maintenance costs that arise from SLM practices documented in the WOCAT database: many of the practices cause
low to moderate costs, but the level varies considerably due
to the great diversity of measures and of contexts in which
they are implemented. The costs of the technologies that land
users implemented without external support were slightly below average but still substantial from the point of view of
land users. In order to make such investments, land users
need stable economic conditions and secure tenure rights,
as adoption is often a gradual process that lasts many years.
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