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ABSTRACT – Socio-economic aspects can limit the expansion of ecological restoration. One alternative
to address this question is the development of restoration models that generate income to farmers in addition
to the benefits from conservation itself. We designed and implemented the initiative “Sustenta A Mata,”
a project developed by The Nature Conservancy and supported by the Brazilian Development Bank (BNDES),
to generate economic and social benefits for the communities involved. This study aims to analyze the financial
viability of the enrichment restoration initiative in forest remnants based on a 30 year projection. The project
was implemented on 17 hectares of land that included timber and non-timber species with a focus on the
Juçara Palm (Euterpe edulis Mart.) for the production of fruit. Estimated earnings come from both the production
of timber and juçara fruits. We considered input, equipment and labor costs for implementation, maintenance,
and harvesting. For the economic analysis we used the following criteria: Net Present Value (NPV); Return
on Investment (ROI); Benefit/Cost Ratio (B/C), and Payback. From these indicators the following values
were obtained as results: US$4,040.80 of NPV, 13 percent of ROI, 1.59 of B/C and a 13-year Payback. These
positive results for the aforementioned indicators reveal that the use of the enrichment restoration initiatives
utilized in this project may contribute to the economic viability of the endeavor, contributing to a greater
sustainability in rural areas.

Keywords: Euterpe edulis Mart; Native species; Restoration economy.

ANÁLISE FINANCEIRA DO MODELO DE ENRIQUECIMENTO UTILIZANDO
PRODUTOS MADEIREIROS E NÃO-MADEIREIROS EM REMANESCENTES

SECUNDÁRIOS DA MATA ATLÂNTICA

RESUMO – Os aspectos socioeconômicos podem limitar a expansão da restauração ecológica. Uma alternativa
para esta questão é o desenvolvimento de modelos que geram renda para os agricultores, além dos ganhos
da própria conservação. Projetamos e implementamos a iniciativa “Sustenta A Mata”, um projeto desenvolvido
pela The Nature Conservancy e apoiado pelo Banco Nacional de Desenvolvimento Econômico e Social (BNDES),
para gerar benefícios econômicos e sociais para as comunidades envolvidas. Este estudo objetiva a análise
financeira da técnica de enriquecimento para restauração de remanescentes florestais, baseado em uma projeção
para 30 anos. O projeto foi implementado em 17 hectares, incluindo madeiras e espécies não madeireiras
com foco em juçara (Euterpe edulis mart.) para produção de frutos. As estimativas de receitas provêm da
produção de frutos de juçara e madeira. Consideramos os custos de insumos, equipamentos e mão-de-obra
para implementação, manutenção e colheita. Para análise econômica, utilizamos os seguintes critérios: Valor
Presente Líquido (VPL); Taxa Interna de Retorno (TIR); Razão Benefício / Custo (B/C) e Payback. Obtivemos
os seguintes valores como resultado: VPL de US $ 4.040,80, TIR de 13 %, B/C de 1,59 e payback de 13
anos. Os resultados positivos para os indicadores acima revelam que a técnica de enriquecimento para restauração
pode ser uma alternativa economicamente viável, contribuindo para uma maior sustentabilidade nas áreas rurais.

Palavras-Chave: Euterpe edulis Mart; Espécies nativas; Economia da restauração.



2

Revista Árvore. 2018;42(6):e420602

MAIER TF et al.

1.INTRODUCTION

Tropical forests have been razed worldwide and converted
into pastures and other crop cultures because they’re regarded
as economically unattractive. The Brazilian Atlantic Forest
is one of the most biologically diverse and threatened regions
on the planet. Currently, only around 12.5 percent of the
original forest cover remains (SOS Mata Atlântica, 2015).
In such a scenario, one needs to restore both the removed
vegetation and also those secondary forests too degraded
for self-regeneration. With this in mind, forest-based products
have the economic potential that would to not only allow
for the conservation and maintenance of regional biodiversity
but at the same time provide socio-economic improvements
for the lives of the regions´ inhabitants.

The juçara palm tree is considered a key specie in the
Atlantic Forest biome (Reis and Kageyama, 2000). It bears
socio-economic significance as it is a traditional source of heart-
of-palm (‘palmito’) and its fruits have recently gain commercial
value for the production of industrialized pulp (Favreto et
al., 2010). The extraction of the palm fruits to make frozen
creams from its pulp is a sustainable activity for it guarantees
the maintenance of the individual palm tree and increases the
species profitability (Modolo and Tucci, 2014).

The production of timber through small scale agroforestry
systems can also be an alternative source of income for
the regions farmers as it promotes the increase of the supply
of timber and the sustainable use of the land. However,
public policy agents from governments in developing countries
have given little to no attention to this issue (FAO, 2013;
Sousa et al., 2016).  The low supply of tropical timber
has caused an increase in the market value of native, slow-
growth, timber species. In addition, the tendency for the
increase in demand of these species safe guards their high
market value (Fasiaben, 2010 ; FAO, 2013 ).

Thus, the present study aims at evaluating the financial
feasibility of the harvesting of timber and non-timber products
from secondary forest remnants in the Brazilian Atlantic
Forest through species-enrichment techniques. This study
is based on a real project implemented in 2015. The financial
analysis considered a projection of 30 years, using primary
market data in the first year of implementation (2016) and
based on costs and gains estimates for the latter years.

2.MATERIAL AND METHODS

The region of study is an area within the
municipalities of Cajati and Barra do Turvo, located
in the Vale do Ribeira (Ribeira River Valley),
southeastern state of São Paulo, Brazil (Figure 1).

The region´s climate is categorized as Af, humid
tropical, with year-long rains and without a discernible
dry season according to Köppen-Geiger. The annual
average rainfall is 1,600 mm and temperatures ranging
from 12.1 to 34°C with an annual average of 24°C
(CEPAGRI, 2016). The area’s landscape is characterized
by an excessively uneven ground with high slopes
(IBGE, 2015) and forest formations of dense ombrophilous
forests (Bim, 2012). This region is home to São Paulo’s
largest natural forest cover with an area of 1.2 million
hectares that present a clear vocation for forestry (Lepsch,
1990). The region while having an immense ecological
value for the Atlantic Forest biome presents a mid-
range Human Development Index (HDI) of 0.69 for its
inhabitants and is considered the lowest of the state
of São Paulo (Bim, 2012).

The Nature Conservancy (TNC) with support from
the Brazilian Development Bank (BNDES) and in
partnership with local communities, created an initiative
in the municipalities of the region as part of the “Sustenta
a Mata” project.  The complete project  was implemented
in a total of 130 hectares distributed throughout the
states of  São Paulo, Santa Catarina and Paraná.  However,
the total area of the present study covers 17 hectares
within the Sustainable Development Areas (RDS in
Portuguese) of the communities of Lavras and
Pinheirinhos (Fig. 1) that compose the Jacupiranga
Conservation Mosaic. These development areas (RDS)
are a unique category of Sustainable-Use Conservation
Units that according to Brazilian legislation allow for

Figure 1 – Project area map: RDS Lavras (Cajati, SP) and
RDS Pinheirinhos (Barra do Turvo, SP).

Figura 1 – Mapa das áreas do projeto na RDS Lavras (Cajati,
SP) e RDS Pinheirinhos (Barra do Turvo, SP).
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the exploitation of components of the natural ecosystem
in a sustainable fashion. In these areas, there is a
recommendation for the use of non-timber forest products
in order to generate income. Timber extraction is permitted
for communal internal consumption, respecting the
conservation unit’s management plan (Brasil, 2000).

The applied methodology of restoration was
ecological enrichment of areas consisting primarily
of initial succession species with low biological diversity
by the insertion of middle and late succession species.
The enrichment process consists of the re-introduction
of species that might be locally extinct in degraded
areas and the selection of economically relevant or
profitable species (Rodrigues and Gandolfi, 2004; Guerin
et al., 2013).

The implemented restoration model (Figure 2) is
composed of four groups: 1) Mid-term timber trees
(species with medium density and harvesting time of
over 20 years); 2) Long-term timber trees (species that
produce high-value timber, with high density and
durability, harvested after year 30); 3) Non-timber tree
species (native, medicinal and fruit trees dedicated
for self-consumption and alternative sources of income)
and 4) Juçara palm trees (diferentiated as a potential
steady income source, planted at higher densities and
in exclusive planting lines).

The first group composed of mid-term growth tree
species for timber contains the following specimens:
Jacaranda puberula Cham., Handroanthus albus
(Cham.) Mattos, Anadenanthera colubrina (Vell.) Brenan,
Parapiptadenia rigida (Benth.) Brenan, Ocotea
tabacifolia (Meisn.) Rohwer, Cabralea canjerana (Vell.)
Mart and Cedrela fissilis Vell. The second group,
composed of long-term tree species is made up of:
Aspidosperma polyneuron Müll.Arg., Araucaria
angustifolia (Bertol) Kuntze, Monteverdia ilicifolia
(Mart. ex Reissek) Biral, Calophyllum brasiliense
Cambess., Centrolobium tomentosum Guillemin ex.
Benth., Copaifera langsdorffii Desf., Hymenaea
courbaril L., Vitex megapotamica (Spreng.) Moldenke,
Nectandra lanceolata Nees, Ocotea catharinensis
Mez, Persea willdenovii Kosterm., Ocotea porosa (Nees
& Mart.) Barroso, Ocotea odorifera (Vell.) Rohwer,
Cariniana estrellensis (Raddi) Kuntze, Virola bicuhyba
(Schott ex Spreng.) Warb. The third group composed
of native  non-timber tree species contains specimens
of: Annona cacans Warm., Euterpe edulis Mart.,
Campomanesia xanthocarpa (Mart.) O.Berg, Myrcia

guianensis (Aubl.) D.C., Eugenia uniflora L., Eugenia
pyriformis Cambess., Psidium cattleianum Sabine,
Campomanesia phaea (O. Berg.) Landrum, Eugenia
brasiliensis Lam., Pouteria sp. and Plinia cauliflora
(Mart.) Kausel.

The enrichment model focuses on the economic
use of socially-biodiverse products composed of the
juçara palm tree for the production of fruits for market,
wood products (timber materials and firewood) for
communal usage and other native fruits for self-
consumption.

The project’s execution requires no alternative
conservation management plan for the RDS Lavras
Conservation Unit, as the unit already possesses its
own plan in which allowed commercial and non-commercial
activities are specified. The exploitation of forest
resources for the production of timber need only be
submitted for registration to the state environmental
agency as this timber is for non-commercial use only.
This enrichment model utilized in the project complies
with the Brazilian Forest Code (Law 12,651/2012), Atlantic
Forest Law (Law 11,428/2006) and with Resolution SMA-

Figure 2 – Enrichment model technique with timber and non-
timber species used at the Lavras RDS.

Figura 2 – Modelo de enriquecimento com espécies madeireiras
e não madeireiras implantado na RDS de Lavras.
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14 of 2014 (Brasil, 2006, 2012; SMA, 2018). Resolution
SMA-14 regulates the picking and collection of fruits
from species, like the Juçara Palm Tree, in Conservation
Units of the state of São Paulo.

The data used for the calculations of cost during
the project’s implementation phase and year one are
based on actual costs of production for the year 2016
in the studied area. From year 2 and on, revenue and
costs are based on estimates provided by similar studies
and adjusted to the local reality.

The production of Juçara fruit maybe estimated at 2.5
bunches per individual/year at approximately 3.2 kilograms
of fruit per bunch (Reis, 1995; Mac Fadden, 2005; Barroso,
2009) amounting to 8 kilograms of fruits per palm tree.
In order to maintain the species ecological function only
50 percent of the palm trees were considered for harvest
(Pupo, 2007). A fruit yield of 70 percent was considered
due to plausible production losses (Barroso, 2009). The
following production forecast were considered: 70 percent
of the total production capacity at year 5, 85 percent at
year 6 and a stable full production capacity for year 7 and
on (GFA, 2014). The total fruit yield from year 7 and on
is 2,500 kg per hectare per year. Since this enrichment model
takes place in secondary forests of the Atlantic Forest Biome
the appropriate edaphoclimatic conditions for the juçara’s
development, such as shading and moisture, were considered

to be met.

The estimates for timber production considered
a mean annual increment (MAI) of the trees’ diameter
at breast height (DBH) of 0.9 and 0.7 centimeters/year
for the mid- and long-term timber species, respectively.
These values were gathered from age, height and DBH
data obtained in from experimental plantations in the
Brazilian Atlantic Forest (Carvalho, 2003, 2006, 2008).
The form factor considered was 0.5 while the average
height was considered at 10 meters. The timber yield
considered was of 50 percent in volume with the remainder
discarded for use as fuel (Magalhães et al., 2007).

As the production of timber was considered for
self-consumption, estimated revenue from timber for
the financial analysis was set as equaling the cost of
opportunity from purchasing timber elsewhere; that
is, the revenue would come from the farmers not having
to buy timber at the local market (Siebert, 2008). The
communal timber consumption for housing structures,
furniture and other needs was estimated at 9 cubic
meters per family. This estimate set a timber production

goal of approximately 4 cubic meters per hectares
(considering a total of 17 hectares) of mid-term species
for years 20, 25, 30 and a timber production of long-
term species of 4 cubic meters in year 30.

These production volumes are significantly lower
than the potential production yield of the areas’
introduced foreign species. However, as the legal context
of land use within the project’s zone of operations
only allows for the exploitation of wood for non-
commercial purposes, the produced timber may only
be extracted for the personal use of the inhabitants
within the Conservation Units. Because of this, a minor
percentage of the planted trees were considered for
harvesting purposes, allowing for the forest’s further
enrichment through the replenishment of species by
the natural dispersion of the trees’ seeds.

The data regarding both revenue and activities required
for the projects initial implementation (planting phase)
were gathered during field visits to the “Sustenta A
Mata” Initiatives. The project was divided into for phases:
project implementation, maintenance, harvest and product
processing. For each phase the costs that we considered
where: labor, equipment, expendable materials and other
inputs costs. Land costs where considered to be zero
as the farmers participating in the project already owned
the land and its production benefits.

Prices set for the analysis of the revenues intake from
the projects finished products where set at regular market
prices as of September 2016. The exchange rate considered
was R$ 3.23 per 1 US Dollar. Labor costs (days/worker)
where based on average wages for rural workers in the region

at US$ 21.67 per workday per worker.

The initial implementation phase consisted of soil
liming, ant control (use of artificial baits), organic
fertilization, manual preparation of planting holes, manual
weeding around each sapling, and the transportation
of agroforestry inputs to the site. The maintenance
phase occurred until year 2 of the projects initiation,
consisting of re-planting of lost saplings, selective
weeding, harrowing, application of ant baits and fertilizing.
The transportation of new saplings was also required.

The harvest phase comprised of the manual
harvesting of the juçara fruit and the costs of timber
extraction and sawing.

The harvesting of the juçara fruit required four
laborers to manually pick the fruit. As one laborer is
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responsible for cutting the fruit bunches, two others secure
a net to cushion the falling bunches in order to avoid
damaging the fruit and decreasing the fruit yield. The
last laborer separates the individual fruit from the fruit
bunches. This harvesting method allows for 800 to 1,200
kilograms of fruits to be harvested daily (GFA, 2014).
The region’s harvesting period for the juçara fruit consists
of the months between March and May. The considered
fruit yield was 800 kilograms per day per group of laborers.
The equipment utilized during the harvesting process
is a small bench, climbing equipment, ropes, pruning saw,
lopper and harvesting net.

After harvesting, the gathered fruits must be bagged
on site and taken for processing immediately or kept
in refrigerators awaiting transportation. During the
bagging process the following materials are used: a
50-kilogram scale, a freezer and raffia sacks. Transportation
costs were also included in the total harvesting costs
(GFA, 2014).

The calculation of the equipment depreciation
follows Rezende et al. (2001) by dividing the initial
costs (acquisition or reposition prices) minus an estimated
scrap value by the project’s estimated duration. The
equipment requirements for the most costly equipments
(scale, freezer and climbing kits)where calculated per
family, resulting in half a unit per hectare, that is to
say, one unit for every two hectares, which is the average
area owned and worked by each family participating
in the project.

For the harvesting and transportation of wood
for timber, logging yields were estimated at 4 m³/hour/
laborer. While the timber yields (sawing) where estimated
at 0.42 m³/hour/laborer (Batista et al., 2013). The labor
costs considered for the logging operations was US$24.76
/hour/laborer and covers chainsaw depreciation,
licensing, fuel, replacement chains, chainsaw operator
and assistant. This harvesting of wood and processing
of logs into timber was outsourced to a regional provider.

For revenue, the analysis considered only the fruit
production and timber tree species introduced in the
project. The study did not include revenue from the
other feasible medicinal herbs and fruit trees due to
the current lack of data on available market prices;
we would like to highlight however that these non-
commercial products where utilized by the farmers
participating in the project and for their enviromental
benefits. The considered market prices of in natura

juçara fruits were of US$ 0.58/kg as set by regional
prices (CONAB, 2016).

The considered price of fuelwood at the loader
was US$11.41/m³ (SEAB, 2016). For mid-term timber,
the considered price was US$333.14/m³ and for the
long-term timber US$593.60/m³, based on local market
research. We estimated the cost of sawn wood based
on prices found in local markets from species with similar
characteristics to those species utilized in the project.

The economic analysis used Net Present Value
(NPV), Return on Investment (ROI), Benefit – Cost
Ratio (BCR), and Payback (Gittinger, 1982) considering
a 30-year time frame and ex-ante inputs and outputs.

The interest rate used for the calculations was
6 percent/year equal to interest rates of a regular saving
account. This rate served as the minimum acceptable
rate of return (MARR), a benchmark for the ROI and
for the minimum attractiveness rate (TMA), which serves
as a comparison to the IRR results.

3.RESULTS

The project’s cash flow estimates are presented
in Table 1. The cost of project implementation at year
zero was calculated at US$1,329 per hectare in year
0. Associated cost of implementation include the purchase
of tree species composed of juçara palm trees, timber
producing species and other species used only for
biodiversity enrichment. Labor costs were US$568.89
and other input costs were US$760.12. For year 1
maintenance costs amounted to US$854.64 (US$655.57
for labor and US$ 199.07 for inputs) and the costs for
year 2 amounted to US$532.97 (US$ 525.54 for labor
and US$7.53 for inputs) per hectare. Therefore, the
total of the project’s implementation phase was calculated
at US$2,716.62 per hectare. Throughout the project
the estimated total amount of labor costs were
US$10,296.54 (69.1 percent) and inputs cost of US$4,611.74
(30.9 percent).

Juçara harvesting costs begin in year 5 and ramp
up until year 7 when fruit production stabilized. In
year 5, the necessary workforce for collecting, separating
and transporting the fruits cost US$182.04; US$ 218.88
in year 6 and US$277.40 in year 7. The cost of inputs
in year 5 was US$474.94; US$106.35 in year 6, and

US$124.63 as of year 7. The cost of inputs in year
5 where significantly higher due to the purchasing
of processing equipment, such as climbing gear, weight



6

Revista Árvore. 2018;42(6):e420602

MAIER TF et al.

T
a

b
le

 1
 -

 C
as

h
 F

lo
w

 o
f 

th
e 

p
ro

je
ct

 (
d

o
ll

ar
s 

- 
n

o
t 

ad
ju

st
ed

 f
o

r 
v

al
u

es
).

T
a

b
el

a
 1

 -
 F

lu
xo

 d
e 

C
a

ix
a

 d
o

 p
ro

je
to

 (
d

ó
la

re
s 

- 
va

lo
re

s 
n

ã
o

 a
ju

st
a

d
o

s)
.

Y
ea

r
0

1
2

3
4

5
6

7
..

.1
8

19
20

2
1

...
2

4
25

2
6

...
2

8
29

30

C
os

ts
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

L
a

n
d

 P
re

p
a

ra
ti

o
n

 a
n

d
 o

th
er

g
en

er
a

l 
a

ct
iv

it
ie

s 
(y

ea
rs

 0
, 1

 a
n

d
 2

)

L
a

b
o

r 
co

st
s 

(a
re

a 
d

el
im

it
at

io
n

,
an

t 
co

n
tr

o
l,

 li
m

in
g

, o
rg

an
ic

fe
rt

il
iz

at
io

n
, s

ee
dl

in
g 

tr
an

sf
er

,
p

re
p

ar
at

io
n

 o
f 

sa
p

li
n

g
s,

 s
oi

l
p

re
pa

ra
ti

o
n

, p
la

n
ti

n
g

, s
el

ec
ti

v
e

w
ee

d
in

g
, r

ep
la

n
ti

n
g

)
56

8
,8

9
65

5
,5

7
52

5
,5

4

In
p

u
ts

 C
o

st
s 

(a
n

t b
ai

ts
,

sa
p

li
n

g
s,

 tr
an

sp
o

rt
at

io
n

 o
d

sa
p

li
n

g
s,

 o
rg

an
ic

 f
er

ti
li

ze
r,

li
m

e,
 t

o
o

ls
 a

n
d

 I
P

E
s)

76
0

,1
2

19
9

,0
7

7
,4

3
0,

0
0

0,
0

0
0

,0
0

0
,0

0
0

,0
0

0
,0

0
0

,0
0

0
,0

0
0

,0
0

0
,0

0
0

,0
0

0
,0

0

J
u

ça
ra

 H
a

rv
es

t 
(y

ea
r 

4
 t

o
 2

9
)

L
a

b
o

r 
C

o
st

s 
(h

ar
v

es
t,

 f
ru

it
p

re
p

ar
at

io
n

 a
nd

 b
ag

gi
ng

)
0,

0
0

0,
0

0
0

,0
0

0,
0

0
18

2
,0

4
21

8,
89

27
7

,4
0

27
7

,4
0

27
7,

40
27

7
,4

0
27

7
,4

0
27

7
,4

0
27

7
,4

0
27

7,
4

0
,0

0

In
p

u
t 

C
o

st
s 

(H
ar

v
es

ti
n

g
,

p
ro

ce
ss

in
g 

an
d

 s
to

ra
g

e
eq

u
ip

m
en

t,
 I

P
E

s 
tr

an
sp

o
rt

co
st

s)
0,

0
0

0,
0

0
0

,0
0

0,
0

0
47

4
,9

4
10

6,
35

12
5

,9
9

12
5

,9
9

12
5,

99
12

5
,9

9
12

5
,9

9
12

5
,9

9
12

5
,9

9
12

5,
99

0
,0

0

T
im

b
er

 P
ro

d
u

ct
io

n
 M

id
 P

er
io

d
(y

ea
rs

 1
9

, 2
4

 a
n

d
 2

9
)

L
a

b
o

r 
co

st
s 

(w
o

o
d

 e
x

tr
ac

ti
o

n
an

d 
p

ro
ce

ss
in

g
)

0,
0

0
0,

0
0

0
,0

0
0,

0
0

0,
0

0
0

,0
0

0
,0

0
0

,0
0

37
1,

52
0

,0
0

0
,0

0
0

,0
0

0
,0

0
37

1,
52

0
,0

0

T
im

b
er

 P
ro

d
u

ct
io

n
 F

in
a

l P
er

io
d

(y
ea

r 
29

)

L
a

b
o

r 
co

st
s 

(w
o

o
d 

ex
tr

ac
ti

o
n

an
d 

p
ro

ce
ss

in
g

)
0,

0
0

0,
0

0
0

,0
0

0,
0

0
0,

0
0

0
,0

0
0

,0
0

0
,0

0
0

,0
0

0
,0

0
0

,0
0

0
,0

0
0

,0
0

37
1,

52
0

,0
0

T
o

ta
l C

os
ts

13
29

,0
1

85
4

,6
4

53
2

,9
7

0
,0

0
65

6
,9

9
32

5
,2

4
40

3
,3

9
40

3,
39

77
4

,9
1

40
3,

39
40

3
,3

9
40

3
,3

9
40

3,
39

11
46

,4
2

0
,0

0

T
o

ta
l R

ev
en

u
es

0
,0

0
0

,0
0

0
,0

0
0

,0
0

0
,0

0
70

9
,2

1
86

1
,4

7
10

13
,1

6
10

13
,1

6
23

91
,3

6
10

13
,1

6
23

91
,3

6
10

13
,1

6
10

13
,1

6
48

11
,3

7

N
et

 V
al

u
e

-1
32

9,
01

-8
54

,6
4

-5
32

,9
7

0
,0

0
-6

56
,9

9
38

3
,9

7
45

8
,0

8
60

9,
77

23
8

,2
5

19
87

,9
7

60
9

,7
7

19
87

,9
7

60
9,

77
-1

33
,2

7
48

11
,3

7



7

Revista Árvore. 2018;42(6):e420602

Financial analysis of enrichment...

scales and a horizontal freezer. The total cost of labor
and inputs for fruit production reached US$7,649.54
and US$3,632.23, respectively.

The timber harvest and processing costs were
US$371.51 in years 20 and 25 and labor costs of US$
743.04 in year 30.

Except for implementation costs (seedlings and
fertilizers, among others), there were no other input
costs for timber production, only labor costs during
harvesting (as the outsourced service provided the
needed equipment). Since firewood is a by-product,
the study did not account for the costs of labor and
inputs in its production (harvest).

Figure 3 presents a graphical representation of
labor force demand per period, per hectare; we noted
an increase in demand in year 0 when the project was
initiated, followed by years 1 and 2 when maintenance
began. From year 5 and on, labor demands increase
gradually until year 7 and stabilize due to the demands
of the juçara harvest. Peaks are noted in years 20, 25
and 30 due to the heightened labor requirements for
wood extraction and processing.

Regarding revenue distribution, the juçara
production generated US$709.21 in year 5, US$861.47
in year 6, and US$1,013.15 in year 7 and on. Timber
production revenues brought in US$1,332.59 per year
with the extraction of mid-term trees in years 20, 25
and 30 and long-term species contributed US$2,374.40
in year 30. Firewood, as a byproduct of timber processing,

both from mid- and long-term species, amounted to
US$ 45.61 for years 20 and 25, and US$ 91.22 for year
30. It is worth noting that timber revenues correspond
to what farmers did not have to spend since they used
timber available in their properties (opportunity cost),
as previously explained.

The juçara fruit production generated greater
revenues and costs when compared to timber production,
which reinforces the focus on juçara fruit production
with timber as complementing revenue. The total revenue
from the juçara fruit amounted to US$25,886.47 with
overall costs of US$11,281.77. Overall revenues from
mid-term timber species amounted to US$3,997.78 and
total costs were US$1,274.97. Long-term species, on
the other hand amounted to US$2,374.40 in revenue
with a total cost of US$ 445.28. Finally, firewood production
brought in an estimated revenue of US$182.44 and no
costs where associated as firewood is a byproduct of
timber production.

Considering the estimated cash-flow, the project’s
break-even point is year 13 when accumulated revenues
adjusted for a 6 percent yearly rate, surpasses the
accumulated and adjusted costs (payback). Figure 4
is the graphical cash flow showing the pattern of total
accumulated costs and revenues, adjusted for the 30-
year time scale.

The economic analysis of global results show that
the project is economically viable. The Net Present
Value (NPV) is greater than zero at US$4,040.80 and

Figure 3 – Total daily labor demand per year per hectare
for the planting and management of the enrichment
model in the Lavras RDS.

Figura 3 – Demanda total de mão de obra em diárias por
ano por hectare para implantação e manejo do
modelo de enriquecimento na RDS de Lavras .

Figure 4 – Accumulated cash flow (total costs and revenues,
adjusted for inflation) of the enrichment project
model in a 30 year horizon.

Figura 4 – Fluxo de caixa acumulado (custos e receitas totais
acumulados e ajustados) do modelo de enriquecimento
em horizonte temporal de 30 anos.
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an estimated  return of investment (ROI) of 13 percent,.
The ROI of 13 percent is greater than the minimal annual
rate of return (MARR) set at 6 percent annually and
the Benefits/Cost Ratio(BCR) was calculated at 1.59
(BCR > 1) for a 6 percent interest rate.

 4.DISCUSSION

Overall, labor force costs are considerably higher
(68.4 percent) than other costs, which demonstrate
the true value of a local, knowledgeable, workforce
for this type of project in areas with severe land-use
restriction. It is also possible to observe that this
production scheme allows for local farmers to invest
in the management of secondary forest restoration with
a small demand of labor force (an average of 12.8
workdays per hectare per year, with some peaks in
demand in years 20, 25 and 30 for log extraction). The
implementation of this scheme guarantees a source
of income from the sale of juçara fruit, a source of finished
products from the produced timber and the enrichment
of their land through the insertion of species that enhance
the regions biological diversity.

The production of juçara fruit was the primary
element contributing revenue for the project’s financial
viability, despite the lower plant density and lower
harvesting rates, set by the project in order to guarantee
the species ecological function (Reis, 1995). Consequently,
the yearly income of US$1,673.49 was lower than the
ones obtained by Barroso (2009) and GFA (2014), which
reached as high as US$7,502.25, and between US$2,372.49
to US$9,616.22, respectively.

GFA (2014) presented three different plant densities:
5,000, 625 and 357 plants per hectare, of which presented
ROIs of 30, 21, and 12 percent respectively. This information
allows for the identification of the strict correlation between
generated revenue and plant density per hectare.

In this present study, only the sale of fresh, non-
processed fruits were considered. Although the processed
juçara pulp has greater aggregate value than the in
natura fruit and therefore greater revenue, it demands
a larger capital investment and greater labor costs.
The necessary investment for a juçara pulp processing
plant with a processing capacity of 1000 kg per day
would cost US$179,313.35 (GFA, 2014). In 2012, pulp
market prices ranged from US$3.07 to US$ 5.12 per
kilogram, while the in natura fruit ranged from US$0.54
to US$1.28 per kilogram (Rede Juçara, 2012).

Regarding timber production, the harvested amounts
may be considered small compared to the total amount
of planted trees (30 individuals out of 462 or approximately
6.5 percent). This is due to the legal restrictions imposed
on the area by the legislations that reign over such
conservation units (Sustainable Use Conservation Unit).
As the extraction of wood is only allowed for non-
commercial purposes, the extracted logs would only
serve to fulfill the community’s internal demand (for
housing and other rural improvements). The production
and processing of timber presented a complimentary
and indirect economic benefit for the community, as
a source of good quality material became readily available
for their use, instead of having the need of purchasing
such timber from the local market. These types of
complementary economics are also demonstrated by
Malinovski et al. (2006) in an economic evaluation of
forestry efforts in small farmsteads.

When compared to other studies that propose
similar models, the volume of harvested wood for timber
per hectare seems rather low.  It differs from studies
like Brienza Junior et al. (2008), Castanho Filho (2007),
Fasiaben (2010), where standing tree sales are considered
without any added value from processing.  These studies
presented larger volumes of extracted wood per hectare
and therefore greater revenues, despite the fact of not
having value added to the trees. However, these studies
where made in areas that do not have the same legal
restrictions as that of a special conservation unit, in
other words, the land could function as a full-scale
agroforest commercial plantation, instead of an area
that engages in some restricted commercial activities
yet its main focus is conservation.

In this study’s case, for the 30-year outlook, the
timber directed to saw-mills amounted to 16 m³ of useful
timber, generating a total income of US$20,582.16.

It is worth noting that this enrichment model allows
for higher revenues regarding the timber production
component whenever the area isn’t in a conservation
unit. However, it is also important to consider, that
wood for strict commercial purposes also carry greater
overall costs, than those seen in this study, possibly
decreasing profitability despite the higher yields.

The project´s economic viability can be increased
by including other types of species that, fulfilling the
ecological requirements of the conservation unit, possess
shorter production cycles, increasing revenues per



9

Revista Árvore. 2018;42(6):e420602

Financial analysis of enrichment...

hectare per year and in turn increasing the investment´s
rate of return.

5.CONCLUSION

This model of secondary forest enrichment in the
Atlantic Forest was considered economically feasible,
based on an estimated 30 year projection and having
as products, the juçara fruit for commercial sale and
the timber for community use. The project presents
alternative sources of income for communities in protected
areas with restrictive land-use legislation. In many cases,
the community is so financially constricted, that their
presence in the area alone is not feasible further increasing
the migration to cities.

It is important, to note that possible changes
in the regulatory aspects that govern these types
of Conservation Units could interfere in the expected
revenues, by either restricting the extraction of forest
products or expanding the commercial possibilities
of local products. Thes small extraction rates
implemmented for both fruit and trees in this economic
model, attests to the importance of sustainability on
all fronts, wheter they be social, environmental or
economic.

The need to perfect the juçara pulp and fruit
production chain in the region, should also be noted,
as increasing the capacity of added value to the
production would direct more income to the farmers
managing the conservation and reconstruction of the
area’s biodiversity. On the other hand, the production
of native timber trees in the Atlantic Forest requires
a larger effort that calls for an increase in forest
management professionals, expanded timber processing,
acquisition of market data and more importantly, a
less restrictive environmental legislation. These steps
would assist in the sustainability of the Conservation
Units through time as it would enable those living
within these units to make their land into profitable
endeavors.
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