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Currently, there are heated debates on the role of mar-
kets as forest “lifesavers” (Fearnside 2001; Knoke et

al. 2008a; Potvin et al. 2008). However, ongoing discus-
sions on reducing emissions from deforestation and forest
degradation (REDD), conservation of non-market values
such as biodiversity, and integration of deforestation into
the international carbon markets by means of payments
for ecosystem services (PES) are condemned to fail, both

socially and economically, if the local people’s needs are
not taken into account in that debate. The problem is
two-pronged: economic on the one hand and philosophi-
cal on the other. Economically, implementing strategies
to avoid deforestation through PES may be expensive.
Global estimates of the compensation costs for forest
preservation amount to US$5–10 billion annually, if
70% of CO2 emissions associated with current land-use
practices are to be avoided (Stern 2006). To give credi-
bility to the ongoing REDD efforts, realistic financial
options must be found (Potvin et al. 2008). Philo-
sophically, debates are suffering from what – in the con-
text of biological conservation – could be defined as the
“people versus parks dilemma” (Schwartzman et al. 2000;
Terborgh 2000), where values such as wilderness and
pristine (untouched) ecosystems prevail over the subsis-
tence needs of local people. In this debate, it is doubtful
whether conservation values can be harmonized with any
tropical land-use system. However, even if it were possi-
ble to mobilize substantial PES to compensate people for
not engaging in activities leading to deforestation, we
cannot exclude humans from the landscape. It is unlikely
that tropical farmers would remain idle while receiving
PES; they need an economic system that keeps them
employed in productive and sustainable activities that do
not result in habitat destruction (Knoke et al. 2008a).
Research should therefore be focused on identifying and
evaluating new production systems and alternative man-
agement techniques (Bennett and Balvanera 2007).

We investigated a quantitative concept within ecologi-
cal–economic farm diversification (EEFD) that is capable
of convincing farmers of the benefits of sustainable prac-
tices and of halting deforestation. Our objective is to
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Can tropical farmers reconcile subsistence
needs with forest conservation? 
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If tropical farmers cannot be provided with sustainable land-use systems, which address their subsistence
needs and keep them gainfully employed, tropical forests will continue to disappear. We looked at the abil-
ity of economic land-use diversification – with reforestation of tropical “wastelands” as a key activity – to
halt deforestation at the farm level. Our ecological–economic concept, based on land-use data from the
buffer area of the Podocarpus National Park in southern Ecuador, shows that stopping deforestation after 10
years is possible without violating subsistence demands. Tropical, farm-level diversification may not only
reduce total deforestation by 45%, but also increase farmers’ profits by 65%, because the formerly unpro-
ductive wastelands have been returned to productive land use. We therefore conclude that a “win–win” sce-
nario is possible: the subsistence needs of people can be reconciled with conservation objectives. However,
inexpensive microcredits (at interest rates below 6%) and experience on alternative land-use opportunities
must be offered to farmers.   
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IInn  aa  nnuuttsshheellll::
• Tropical conservation values are seen as incompatible with

livelihood demands; payments for ecosystem services are sup-
posed to avoid destructive activities like deforestation

• However, there are inherent socioeconomic problems in choos-
ing land-management options in tropical landscapes

• Alternative ecological–economic land-use systems may help to
solve these problems, by restoring natural resources in conjunc-
tion with tropical forest conversion and product diversification  

• These reduce farmers’ risk of losses and the demand for land;
this concept applies particularly to subsistence farms located in
montane tropical ecosystems, where slow succession of
overused, degraded, and abandoned lands toward secondary
forests is characteristic 

• Inexpensive microcredits, the establishment of local timber
markets, the transfer of experience with alternative land-use
options to farmers, and the allocation of higher value to stand-
ing forests are important preconditions for sustainable land use
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counter the following hypothesis: “As long as people use
tropical landscapes for their livelihood, they will con-
tinue to convert native forests into alternative uses, as it
is profitable for them” (Tschakert et al. 2007). After test-
ing this hypothesis, we identified the basic conditions
under which sustainable, non-destructive tropical land
use would be possible.

� Background

We developed the EEFD concept (WebModel 1) as a
multi-partner project on biodiversity and sustainable
management in a mega-diverse, montane, south
Ecuadorian ecosystem (Beck et al. 2008), located near
the Andean Podocarpus National Park. Here, and else-
where in the tropics, farmers customarily convert tropi-
cal forests into new farmland to replace degraded – and
ultimately abandoned – pastures (sensu Silver et al.
2000). These abandoned lands (“wastelands”) are usually
left unproductive, and this is followed by a very slow suc-
cession toward shrub vegetation and secondary forest
(Paulsch et al. 2001). However, these overused and
degraded wastelands can be reintroduced into the eco-
nomical system, and thus serve as a powerful means to
diversify land management.

� Economics of land-use options

Our model shows that, for a small farm (30 ha) including
10 ha of previously degraded wastelands, the traditional
land-development strategy would lead to deforestation of
18.3 ha over the course of one generation of farmers (40
years; Figure 1a). This type of land management provides
relatively constant net revenues (Figure 2a) when a spe-
cific probability of pasture abandonment is given
(WebTable 1). The risk of future yield losses due to pas-
ture degradation promotes further deforestation; further-
more, after the establishment of new pastures, the con-
version of tropical forests continues (after 10, 20, and 30
years), to compensate for yield losses as a result of pasture
abandonment. 

The financial consequences of three possible land-use
options (reforestation of abandoned pastures, cattle pas-
ture, and selective logging in natural forests; Figure 3)
seem to confirm pasture as the most economically attrac-
tive option for the farmer (Figure 4). However, the uncer-
tainty of the financial estimates, expressed by their stan-
dard deviation (WebTable 1), is by far the highest for this
option. High uncertainty of financial consequences leads
to the clear-cutting of larger new areas, to decrease poten-
tial risk. Management options that reduce the variability
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FFiigguurree  11.. Allocation of land-use activities to the available farm area under (a) a classical single-use pasture system as compared with
(b) ecological–economic farm-level diversification.
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of financial flows and thus the risk of losses should there-
fore contribute to the prevention of deforestation and
implementation of sustainable land use. 

� Addressing subsistence and restoration needs

Modeling sustainable land use should address farmers’
subsistence needs under the given risks, and this should
replace the often-assumed pure profit maximization of
farmers (eg Carpentier et al. 2000). As a result, the EEFD
model suggests an immediate land-use diversification that
provides multiple products, ie agricultural commodities
and timber obtained by selective logging (Figure 1b).
Diversification stabilizes the uncertain net revenues and
reduces the demand for land, which is necessary to pro-
vide subsistence net revenues. Agricultural and timber
markets are uncorrelated (Lönnstedt and Svensson
2000); the price of timber may be moderate or high when
the price of milk is low and vice versa, resulting in an
effective compensation of market price fluctuations.
Moreover, forestry production is independent of agricul-
tural yields. Our model took these effects into account by
integrating market price fluctuations, correlations and
pasture degradation, and changes in dairy productivity, as
well as uncertainties associated with sustainable harvest
under selective logging and fire damage (WebTable 1).

The combination of pasture and selective logging
(Figure 2b) produces higher minimum net revenues per
year than does the single-use pasture system (Figure 2a),
although the conversion of tropical forests is only 8.7 ha

instead of 10 ha under the single-use pasture system.
Modeling minimum net revenues is adequate to address the
subsistence needs of the tropical farmer, whom we assumed
to be risk adverse (Pichón 1996). For this farmer, it is not
enough to achieve subsistence net revenues only on aver-
age; instead, it is necessary to obtain them every year. Given
the data in WebTable 1, we estimated probability distribu-
tions of yearly net revenues for various combinations of dif-
ferent land uses. We defined those net revenues as the min-
imum that can be achieved with a probability of 0.9. The
results show that the requirement of achieving subsistence
net revenues is better fulfilled by the diversified land-use
system, combined with a reduction in land demand.

The key activity in halting deforestation is the accumula-
tion of “new” natural resources through wasteland reforesta-
tion. For every unit area of forest converted into pasture,
the farmer must reforest a corresponding area of wasteland.
To this end, farmers can use the productive native tree
species Andean alder (Alnus acuminata) (Figures 3, 5),
adapted to the landscapes of south Ecuador and also to a
wide range of areas in Latin America. This nitrogen-fixing
species is widely recommended for agroforestry or reforesta-
tion in Ecuador because of its fast growth, soil improvement
capability, tolerance to diverse environmental conditions,
and multiple uses (Dunn et al. 1990). The timber of
Andean alder can be used for a variety of purposes, includ-
ing firewood, packing boxes, or construction; the tree also
has palatable, nitrogen-rich leaves and can be used as a
source of “energy fodder”. It resprouts vigorously after har-
vesting (Grau and Veblen 2000) and can be managed by
means of a coppice system. The first commercial harvests
can be expected from age 10 years onwards (Dunn et al.
1990). Andean alder achieves fire resistance from age 5
onwards, and this is strong enough to survive the low-inten-
sity fires typical of open woodland sites (Grau and Veblen
2000). Furthermore, the aesthetic appearance of the land-
scape is only slightly affected by plantings of  Andean alder
(Figure 3), and biodiversity levels in Andean alder planta-
tions may be high, even when compared with those in nat-
urally regenerated forests (Murcia 1997).

Reforestation makes intuitive sense as well, because the
farmer reintegrates unproductive areas into areas of pro-
ductive use and simultaneously achieves restoration
effects, given that Andean alder accumulates nitrogen in
the soils. Increased levels of carbon sequestration are
another ecological benefit of Andean alder plantations.
From the perspective of the farmer, however, the main
effect of the reforested areas is the compensation of yield
losses from pasture degradation as a result of revenues
from thinning and final harvesting operations. 

� Financial consequences of halted deforestation
and mixed land use

The results of our model (WebModel 1) suggest that halt-
ing deforestation after 10 years is possible, when Andean
alder fulfills diversification requirements (replacing tim-

FFiigguurree  33.. Andean alder (Alnus acuminata) plantation
surrounded by natural forest and cattle pasture.
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ber from the natural forest), first by providing
thinning revenues and – after a period of 20
years (rotation) – by harvesting the final
crops and growing a second rotation of
Andean alder. Despite some calculated losses
of Andean alder through fire (Figure 1b and
WebTable 1), reforestation areas diversify the
land-use portfolio effectively and compen-
sate farmers for losses due to pasture degrada-
tion and market price fluctuations of agricul-
tural products. After 40 years, 8.3 ha of
tropical forest per farm will have been con-
served under the optimized concept of EEFD,
as compared with that under the classical sys-
tem, and valuable natural resources will be
available, as a result of the Andean alder
plantations. During the 40-year time frame,
land devoted to Andean alder can be used to
re-establish agriculture, while the areas
degraded by pasturing can be reforested.

Following the optimized management path
under EEFD (WebModel 1), farmers can
achieve a 65% increase in profit from their
land (US$20 680 ± 2260, discounted at a
risk-free 5%, versus US$12 560 ± 2560 with
the classical system), with deforestation
being limited to a maximum of 10 ha per farm. The farm
profit at risk (profit that is achieved with a probability of
0.9), which we actually maximized (WebModel 1), is
109% greater for the EEFD approach (US$16 970 versus
US$8100 for single-use pasture). Our model shows con-
siderable peaks in revenue in year 20, 30, and 40 (Figure
2b), when final crops of Andean alder plantations can be
harvested. These financial results should be attractive to
farmers who are not necessarily interested in conserva-
tion, because – from their point of view – fulfilling subsis-
tence needs and increasing profits are of primary impor-
tance. Although these results remain stable under
changing revenue coefficients, as expected, the discount
rate was critical to the success of this sustainable land-
management system (Pearce et al. 2003). 

Non-linearities as a result of the introduction of uncer-
tainty led us to use non-linear programming to solve the
problem of diversified farm management (WebModel 1;
Knoke and Moog 2005). To estimate coefficients and
uncertainties, we used data on montane tropical forests,
reforestation, and pasture under site conditions in the
Andes provided by the German-Ecuadorian multi-part-
ner DFG (Deutsche Forschungs-gemeinschaft) research
group, summarized in WebTable 1. 

� Conclusions 

Our results are similar to those of Grafton et al. (2007), in
that we were able to show a feasible win–win scenario;
that is, it is possible to reconcile conservation objectives
and the subsistence needs of local people. However, ade-

quate land-use concepts and ecological–economic mod-
els are prerequisites to achieve this outcome. Risk inte-
gration into the model leads to realistic results and
acceptability for farmers. Economic analysis often ends
with the comparison presented in Figure 4. The compar-
atively high net revenues obtained from cattle pastures
seem to support this option as the only attractive land-
use alternative. However, ecological–economic farm
modeling, focused on subsistence revenues and long-term
effects, shows the economic benefits of diversification
and reforestation of abandoned wastelands. We suggest
that the absence of quantitative experience of the avail-
able land-use options and of land-use combinations is an
important factor in the currently accelerating deforesta-
tion. Benjamin et al. (2008) also suggest that lack of
knowledge about different land-use options that facilitate
reforestation could explain why there is so little reforesta-
tion of abandoned farmland, even in developed coun-
tries. Next steps will include transferring the results to
farmers and the establishment of a demonstration farm in
our south Ecuadorian research area. Our model, based on
experimental data, contradicts the original hypothesis
that human subsistence and tropical forest conservation
cannot be reconciled. Farmers can be provided with sus-
tainable and profitable alternatives. 

Resource managers, ecologists, and consultants can
apply the EEFD modeling approach to analyze and opti-
mize land-management opportunities and strategies from
the farmers’ perspective, taking into account individual
preferences, requirements, and capacities. Decisions on
land management would, however, remain with the

FFiigguurree  44.. Annualized net revenues (annuities) of land-use options and their
standard deviation (black bars). The sum of annualized net revenues,
discounted by 5%, forms the net present value (NPV) of land-use options
(NPV is the sum of discounted actual net revenues, with the net revenues
fluctuating from year to year in the cases of reforestation and pasture). We refer
to a 20-year period for this example.
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farmer, who has to be convinced mainly by the economic
arguments. We have to estimate biophysical and financial
coefficients for different regions. Also, the land-use
options discussed here do not represent all possible
options (eg bee keeping, nurseries of native tree seedlings
and saplings, non-timber forest products, home gardens,
etc). Our example therefore represents a first step in ana-
lyzing and modeling options to reconcile subsistence and
conservation demands.

Finally, we provide some general conditions and
requirements, based on our results, to achieve sustainable
land use in the tropics:

(1) Alongside the conversion of tropical forests, alterna-
tive natural resources must be provided (in our case,
by means of reforestation of wastelands). This follows
a basic requirement of sustainable development,
whereby exploited natural resources must be replaced
by other natural resources (Daly 1990). Without such
replacement, depletion of existing natural resources
cannot be justified from a sustainability perspective.
This is increasingly important in abandoned lands
characterized by slow recovery, such as the pastures in
montane southern Ecuador. 

(2) To further improve the productivity of agricultural
lands, it is important to establish alternative land uses
(for example, forestry on so-far-unused wastelands),
which do not compete economically with the stand-
ing natural forests. Relying on agricultural intensifi-
cation alone is problematic, as exemplified by palm-

oil plantations in lowland tropical ecosystems.
Intensified production on pastures would reduce
demand for land only under one specific set of cir-
cumstances: the farmer has to stop production imme-
diately when subsistence net revenues are achieved.
This does not seem very realistic; rather, the activities
of farmers are limited by the availability of workers,
who are normally family members (Tschakert et al.
2007). If (in our example) we double the net revenues
from pasture to simulate intensification, the farmer
could earn substantially more money during the first
10 years of farm management. This alone would
enable payment of additional workers  from outside
the farmer’s family, great enough to increase the
deforested area by 5.2 ha. It is likely that the farmer
would carry out extensive deforestation, because this
would increase short-term profitability. In conclusion,
therefore, we believe that improved agricultural pro-
ductivity will probably increase deforestation
(Carpentier et al. 2000).

(3) The economic diversification of farmlands has the
potential to reduce land demand. Crop diversification
is particularly important for subsistence farmers with
small land holdings, because farmers with large land
areas may have other alternatives to balance out the
risks (eg financial investments). Whereas concentrat-
ing on a single crop exposes farmers to diverse risks (eg
international market fluctuations, crop losses from
inclement weather, pests, or diseases), having a diver-
sity of products provides farmers with a form of eco-
nomic insurance, should the market for any particular
product decline (Pichón 1996). In spite of the obvious
parallels with financial diversification (of one’s per-
sonal investments) and diversification of natural assets
(of crops by farmers), the virtues of diversification are
generally not acknowledged with regard to natural sys-
tems (Figge 2004). Thus, the use of systematic diversi-
fication strategies – based on quantitative, theoreti-
cally well-founded optimization approaches – is only
slowly becoming incorporated into ecosystem manage-
ment. Only a few examples exist, from fisheries
(Edwards et al. 2004), grassland (Koellner and Schmitz
2006), and forest (Knoke and Seifert 2008) manage-
ment. However, to our knowledge, no application of
the economic diversification concept to reduce tropi-
cal deforestation has been published so far.

(4) A high interest rate is detrimental to any long-term
investment and thus to sustainable land use. The
applied discount rate, if too high, can accelerate
unsustainable land use (Pearce et al. 2003). The dis-
count rates applied to natural systems should not be
much above 5%. In our approach, we not only dis-
counted all net revenues by 5%, but also assumed
reforestation to be financed at a rate of 5% (Web-
Table 1). Credit repayment after 20 years, including
accumulated interest, should be secured, giving a
probability of 0.9 that the value of the timber

FFiigguurree  55.. Tree of the native species Andean alder (Alnus
acuminata) at age 8. The measured stand already represented a
volume of 75 m3 ha–1.
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timber of natural forests will probably be harvested to
compensate for these losses. Allocating more value to the
standing natural forests (Hartman 1976) would increase
the probability of their continued survival. According to
our financial comparison of land-use options (Figure 4),
the additional revenue from natural forests should be at
least US$40 ha–1 yr–1 to offset the financial advantages of
pasture management (ie the cost of retaining the tropical
forest under selective logging). However, it is debatable
whether this amount would be enough, since it does not
represent a financial incentive for farmers to choose
reforestation (Knoke et al. 2008b). Given the possible
cost of retaining tropical forests, the economic value of
the ecosystem services they provide is huge (more than
US$2000 ha–1 yr–1; Costanza et al. 1997). Unfortunately,
this value (so far) is only theoretical. Future research
should focus on sustainable, non-destructive, and market-
based uses of natural forest products (eg seeds of native
tree species to generate saplings for reforestation, etc).
Farmers might view reforestation as a more attractive
option if they were offered earlier positive net revenues.
In our model, the farmer would not obtain this added rev-
enue until the 10th year; a solution involving mixed
crops could perhaps solve this problem.

We need to offer farmers alternative options to tropical
deforestation. The sustainable use of landscapes should be
seen as a practical way of guaranteeing social and ecological
sustainability, not only in the tropics, but in any ecosystem.
Ecologists and natural resource managers should use ecolog-
ical–economic concepts to support the development of
more sustainable, alternative land-management systems.
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PhD scholarship
Australian Centre for Biodiversity,

Monash University, Australia

An opportunity exists for a PhD candidate to investigate how
revegetation and a dry climate will affect carbon cycling through a
novel combination of field surveys, long-term flux observations, in
situ manipulations, controlled environment experiments and labo-
ratory analyses. The PhD is part of a broader multidisciplinary pro-
ject to understand how extensive revegetation will affect carbon
storage, water yields and biodiversity of catchments.  Potential
areas of research for the PhD candidate include carbon cycling
(stocks and flows) within and among the soil, vegetation and
atmosphere; soil microbes and respiration; and exchanges of
non-CO2 greenhouse gases. The full-time position (AU$ 26,669
p.a., 3 years) will start in early 2010 and be based in Melbourne,
with fieldwork in regional Victoria.

Applicants must submit a brief statement of their desire and capa-
bility to undertake this research project, a current curriculum vitae,
academic transcripts and contact details for two referees.

To submit applications, receive a project description or
other inquiries please contact Dr Shaun Cunningham

(shaun.cunningham@sci.monash.edu.au)
CLOSING DATE December 18, 2009

Ornithologist
BHE Environmental, Inc., an interdisciplinary consulting firm headquar-
tered in Cincinnati, Ohio, has an opening for a field ornithologist. In this
position, you will use your field skills in bird identification and habitat
evaluation in support of client needs in wind power, transportation,
pipeline, telecommunication towers and other industries. You will also
design and conduct post-construction bird mortality studies for large
structures like wind turbine projects. The position involves a mix of field
work and office-based report writing.  You will undertake project man-
agement if qualified, or can advance to increasingly complex projects
and analysis over time, and eventually undertake project management.

A minimum of a Master’s degree in ornithology, zoology or wildlife man-
agement is required, along with demonstrated competence in bird
identification for Midwestern and Eastern biomes and a thorough
understanding of avian nesting and migration patterns.  Effective writ-
ten and oral communication skills are critical.  Frequent multi-day travel
is expected, especially during field season.

Experience in bird studies relating to wind farms is preferred.  Previous
experience in permitting, wind farm siting studies, avian telecommuni-
cation tower studies, NEPA, and other regulations would be beneficial,
as would prior consulting work.

For immediate consideration visit

www.bheenvironmental.com
and select Careers to complete a profile

and upload a resume.
EOE/M/F/D/V




