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ARTICLE INFO ABSTRACT

Keywords: Supporting small farmer livelihoods in fragile, biodiverse regions, such as tropical forests, is a priority for many
Household types development agencies and national governments. These regions tend to be characterized by recent human
Amazon settlements, increasing populations and infrastructure development, as well as competitive land use activities,
fﬁz;j}?;ods which exert pressure on fragile ecosystems. Improvement in livelihood strategies often focuses on increasing

yields by improving productivity, but without taking into account alternative methods, such as better agri-

Coffee and cocoa . . s . s
cultural practices and their dependence on agrochemical inputs, changing land use through crop substitution, or

SustainabilityJEL classification:

N56 improving product commercialization. In this research, we use household types, defined according to different
Q12 land use patterns, in the Northern Amazon region of Ecuador to explore the limitations of, and identify future
Q24 options for, improving livelihood strategies based on small-scale coffee and cocoa production. The results of the
Q56 different types are discussed in order to highlight the methods' utility and identify benefits in terms of en-
Q57 vironmental and social objectives versus economic profitability. Lessons are drawn that could be useful in ap-

plications of public policy aimed at the betterment of small coffee grower and cocoa farmer livelihood strategies,
which involve thousands of families in the Amazon region of Ecuador, without compromising the environment.

1. Introduction

The modern use of the term livelihood is linked to the human and
sustainable development policy discussions of the 1980s (Solesbury,
2003; Morse and McNamara, 2013; Scoones, 2015). It was proposed by
researchers of the Institute of Development Studies at the University of
Sussex as a concept to operationalize development, especially in rural
and poor contexts, in which agricultural activities often prevailed. The
early definitions of livelihoods were focused on food and money to meet
basic needs, i.e., capabilities, assets and activities required for a means
of living (Chambers, 1989; Chambers and Conway, 1992; WCED,
1987), within the framework of intentional approaches to development,
which emerged out of the post-Second World War international poli-
tical scenario (Cowen and Shenton, 1996, 1998).

These approaches to development, on which different livelihood
strategies were originally based, have been largely criticized for dif-
ferent reasons, e.g., the ambiguity of the definition for development and
a sort of implicit colonialism (Morse and McNamara, 2013), leading to a
post-development movement focused on food sovereignty, among other
things (Escobar, 1995, 2010). Thus, food and money seemed to be
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guaranteed by the increase in agricultural productivity experienced
through the use of cheap energy sources, industrial production of
chemical fertilizers and pesticides, and massive mechanization of
agriculture (Tilman, 1999; Smil, 2000; Tilman et al., 2002, 2011). But
the relationship between agricultural production, natural resources and
development was more complex than expected, and the increased
production by the “green revolution” could not cope with population
growth. Thus, food production remained below the necessary levels and
rural poverty did not disappear, while those productive activities that
did succeed generated a significant impact on nature with serious
health and environmental costs (Hartemink, 2005; Gomiero et al.,
2011; Turner et al., 2011; Karp et al., 2012; Koohafkan et al., 2012).
As a consequence, the text of the Agenda 21 Action Plan, approved
at the 1992 United Nations Conference on Environment and
Development, held in Rio de Janeiro (Brazil), stated that everyone
should have the opportunity to earn a sustainable livelihood. This
widely popularized the Sustainable Livelihood Approach (SLA), i.e., the
capabilities, assets and activities required for a means of living in a
sustainable way, in other words, without compromising the productive
properties of land or the surrounding ecosystems (Chambers and
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Conway, 1992; Scoones, 1998; Ashley and Carney, 1999; Carney, 1998,
2003). A framework was proposed (Carney, 1998; Scoones, 1998,
2015), in which different assets (natural, social, human, physical and
economic) were assessed in terms of their vulnerability to perturbations
(environmental, social, economic) and within a certain institutional
context. Thus, livelihoods became a key topic of agricultural sustain-
ability debates in pursuit of agricultural systems and practices con-
tributing to sustainable livelihoods (Koohafkan et al., 2012; Velten
et al., 2015). The SLA has been roundly criticized in four main ways
(Scoones, 2009, 2015): first, its lack of engagement with global pro-
cesses; second, its lack of attention to power and politics; third, its
failure to deal with long-term environmental challenges, such as cli-
mate change; and lastly, its failure to cope with long-term shifts in rural
economies and agrarian change.

The Northern Amazon region of Ecuador has been a good example
of these phenomena. This region of Ecuador presents a complex fabric
due to interactions between the oil industry, biodiversity, agricultural
production and recent human settlements experiencing constant
growth. In this context, smallholders (here, farmers with less than 3 ha
of coffee and/or cocoa in production) needed to develop livelihood
strategies for coping with production in an area lacking basic infra-
structure, public services and access to international markets (Rosset
et al., 2011).

Despite the fact that this area is endowed with vast quantities of
natural resources (oil, biodiversity and water), the Ecuadorian Amazon
performs poorly in terms of socio-economic indicators. This circum-
stance, together with the recent increase in population, has made its
inhabitants strongly dependent on public subsidies and initiatives. The
constitution of Ecuador provides provinces with significant decision-
making autonomy, including the design and implementation of policies
for local economic development. Despite the absence of the necessary
technical expertise, while developing their political competences, pro-
vincial governments were engaged in policies that often lacked eva-
luation within their designs, which resulted in contradictory outcomes.

Furthermore, for many years, the slow expansion of formal in-
stitutions and the state has opened up the region to cooperation agen-
cies and NGOs, deploying different programmes and projects centred on
poverty alleviation, increasing revenues from farming and engaging in
conservation activities. These activities often replicated development
models from elsewhere without any contextualization, resulting in a
systemic lack of cooperation between farmers (Viteri Salazar and
Ramos-Martin, 2017).

A myriad of public and private interventions has taken place, with
many institutions working at multiple levels (national, regional, pro-
vincial, local and community) with different approaches, leaving a
mosaic of different production activities, practices and therefore out-
comes, often without proper evaluation and clearly positive results.
Many examples of this issue can be found. Thus, the promotion of oil
palm in the province of Orellana led to a steady growth in the number
of plantations as an outcome of subsidies resulting from policy inter-
vention. The payment-for-ecosystem services (PES) scheme, known as
Socio Bosque,” in which smallholders receive an amount of money per
hectare, which they allocate for nature conservation purposes, has
covered some of the opportunity costs for settlers, but lacked any
proper evaluation of its impact in terms of conservation. It makes it very
difficult to inform decision makers on future policies aimed at guar-
anteeing the attainment of development, basic services and conserva-
tion.

In the last decade, new approaches, based on complexity and system
theories, have been developed to deal with these challenges. Criteria

2 The Socio Bosque project has been run since 2010 by the Ministry of the Environment
with several goals: conservation, CO, emission reduction (by land use changes and de-
forestation avoidance), carbon sequestration and improving smallholders' livelihoods. It
establishes a maximum compensation of US$30/ha/year for untouched forest under a
PES scheme (MAE, 2010).
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such as resilience, lifestyles, internal (socio-economic) and external
(environmental) constraints, purpose, agency and quality have been
used to develop a framework, which includes societal metabolism ap-
plied to farming systems (Fischer-Kowalski, 1998; Fischer-Kowalski and
Hiittler, 1998; Giampietro, 2003; Niehof, 2004; Morse and McNamara,
2013; Scheidel, 2013; Sorman and Giampietro, 2013; Ifejika Speranza
et al., 2014; Lisocka-Jaegermann, 2015; Scoones, 2015; Gomiero, 2017;
Sousa et al., 2017; Gerber and Scheidel, 2018).

This paper contributes to the SLA literature, as depicted above, by
studying livelihood strategies developed by farmers in the Northern
Amazon region of Ecuador as a case study and analysing the diversity of
producers by using a typology of household farming systems according
to their practices.

The main objective of this study is to contribute to the evaluation of
agricultural production systems. This is done here by using a typology
of four predominant production systems and comparing their perfor-
mance against a set of indicators. A second objective is to inform de-
cision makers about the differentiated outcomes these production sys-
tems have, so that tailored policy interventions can be designed based
on the evaluation of past initiatives. In particular, this work focuses on:
i) identifying the socio-economic and environmental restrictions im-
plicit in different land use patterns; ii) analysing how different land use
patterns improve livelihoods in terms of income; and iii) identifying
how certain public policies can lead to the establishment of particular
types or lifestyles, thereby generating an impact on the income of small-
scale producers.

For this purpose, this paper is organized as follows. Section 2 il-
lustrates the approach and theoretical basis on which the study is based.
Section 3 describes the case study and the methods used. Section 4
presents the main results, which are discussed in Section 5, leaving the
conclusions reached and the policy recommendations for the final
section.

2. Case study and methods
2.1. Case study

The field work took place in the provinces of Orellana and
Sucumbios between 2011 and 2013. These two provinces represent a
large fraction of the Northern Amazon region of Ecuador (Fig. 1), oc-
cupying an area of 39,052km? and accommodating a population of
125,922 inhabitants in rural areas, corresponding to 41% of the total
population (GAPO, 2014; GADPS, 2015), and over 23,000 smallholder
families (Viteri Salazar, 2013).

This region was one of the last to be opened up for colonization in
the country. The 1964 Law of Agrarian Reform and Colonization
(Viteri, 2007), together with severe droughts in the south of the
country, and the beginning of oil exploration in the 1970s (Maldonado,
1979; Gondard and Mazurek, 2001), encouraged new settlements by
colonists from different parts of Ecuador.

These new settlers began cultivating coffee and cocoa. Due to high
prices on the markets,® (Little, 1992; Eberhart, 1998) Robusta coffee
(Coffea canephora) and national® cocoa (Theobroma cacao) became the
predominant crops in the region, replacing primary forests. For dec-
ades, coffee and cocoa have been a source of employment and foreign
currency, reaching almost 8% of non-petroleum exports of Ecuador
(Proecuador, 2016).

Paradoxically, these provinces perform rather poorly in terms of
socio-economic indicators: for example, the extreme poor comprised

3 For example, in 1977, the price of Robusta coffee was US$3.10/1b, while, in 2014, it
was US$0.46/1b (ICO, 2016).

4 Ecuador grows a unique variety of cocoa known as “national”. This cocoa variety is
characterized by its post-harvest processing, during which there is a short fermentation
period, resulting in mild chocolate notes with rich flavour and aroma, which is known
internationally as “fine aroma cocoa” (Quingaisa and Riveros, 2007).
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Fig. 1. Study area in the Northern Amazon region of Ecuador, with Sucumbios
and Orellana provinces highlighted.

Table 1
Families' distribution in the study zone.
Source: Own elaboration based on the INCCA (2010) database.

Province County Families Sample
Orellana Francisco de Orellana 5758 23
Aguarico 338
Joya de los Sachas 3575 14
Loreto 2357 9
Sucumbios Cascales 1087 4
Cuyabeno 1311 5
Gonzalo Pizarro 844 3
Lago Agrio 5299 21
Sucumbios 9 0
Putumayo 911 4
Shushufindi 2870 11
Total 24,360 96

40.8% of the total population in 2011, as opposed to the national
average of 11.6% (GAPO, 2014; GADPS, 2015). The reasons are not
fully understood, as the region has enormous resource endowments that
benefit smallholders. Indeed, contrary to what happens in other regions
of Ecuador and Latin America, where land concentration is the norm
(Toledo, 2011), this region is characterized by a high distribution of
land. The average size of farms is 34 ha (Table 2), compared to 50 ha 40
years ago, but higher than 20 ha, which is considered the optimal size
for a household to generate income in the regional context (Viteri
Salazar, 2013).

Fig. 2 represents the land use share for the two provinces, based on
the Agricultural Census of 2001 (unfortunately, this is the most recent
one available), and secondary and primary data collected between 2002
and 2013. It can be seen that there is still a large fraction of forests, both
in protected areas and on private property. The area allocated to pas-
tures is larger than that for agricultural production. Land in production
for coffee and cocoa represents less than 25% of the total land in pro-
duction, but it is very important in terms of cultural and economic
impacts.

Smallholders in this sector usually own around 30ha, on which
multiple land uses take place. Human activity is basically dedicated to
agriculture, on their own land and as dayworkers. Land in production is
just a fraction of total available land. A small area is used for production
for both self-consumption and local markets (maize, cassava and fruits).
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However, most of the time, land in production is dedicated to coffee and
cocoa production.

However, in recent years, large monocultures belonging to private
firms (pastures, oil palm, and rubber) have been established. The short-
term effect of the increasing intensification has been an expansion of
the agricultural frontier, with pressure on previously non-colonized
areas and a loss of biodiversity (Muchagata and Brown, 2000;
Hartemink, 2005; Turner et al., 2011; Karp et al., 2012).

2.2. Methodology

Agriculture is the main activity in the provinces of Orellana and
Sucumbios (in terms of people), involving the largest proportion of the
economically active population (21.7%), out of a total population of
307,127 people (GAPO, 2014; GADPS, 2015; INEC, 2016).

In order to determine the universe of data, the database of the
National Peasant Training Institute (INCCA)” was used (Table 1).
Through a systematic probabilistic sampling (with a range of 254), 96
households were selected from a group of 24,360 households drawn
from the INCCA registry of families, adjusted for the tendency towards
the annual fractioning of farms. One of the difficulties faced by the
study was the dispersion of families and the long distances between
them, considering that each farm covers a surface of about 30 ha.

The information used for the classification of households is mainly
primary, i.e., the result of extensive fieldwork, which included visiting
96 households, and interviews with main smallholder leaders and
government authorities (e.g., Director of the Ministry of Agriculture in
the provinces, Director of the National Institute for Peasant Training
and presidents of agricultural centres). Forty-nine households were lo-
cated in the province of Sucumbios, and 47 in the province of Orellana.
Our sample was composed of 46% female and 54% male respondents,
while 62% of the sample was of working age (between 15 and 65 years
old). This information was combined with existing official and non-
official information about productive practices, land use and sources of
income.

Field work was conducted between late 2011 and early 2013.
Farmers were visited on their own farms, where in-depth interviews
were conducted and a broad questionnaire, to obtain social, economic,
and environmental information, was issued. Considering the long dis-
tances between farms, spending between one and two days with each
family was necessary. In terms of the social aspects, information about
family composition, origin (native or settler), education level, health
issues, basic services and other topics related to time usage was ob-
tained, which was key to determining how much time they dedicated
themselves to productive activities. The economic aspect was also im-
portant in determining the family economic structure, their income
sources, and the way in which they spent this income from the farm
(agricultural and livestock activities), off-farm income through renting
out their labour, various enterprises that generate income, and sub-
sidies from the government. Finally, the environmental aspect con-
nected with land use was a fundamental variable as a criterion for the
establishment of types, while information was also obtained about the
amount of forest, crop area, crop rotations, crop management practices
etc.

After collecting the data, a typology of households was established
as a method of conceptualization and empirical analysis. Household
types have been largely used as societal functional units of analysis
within integrated assessments for rural systems (Pastore et al., 1999;
Giampietro, 2003; Scheidel et al., 2013; Williams et al., 2015), as well
as often employed to strengthen the focus of policies and interventions
associated with rural livelihoods (Gomiero and Giampietro, 2001;
Niehof and Price, 2001; Senthilkumar et al., 2009; Serrano-Tovar and

S The Instituto Nacional de Capacitacién Campesina (INCCA) is a public entity, which
developed a programme of agricultural production reactivation in the period 2003-2011.
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Table 2
Land use by household type.
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Source: Own elaboration based on a survey and technical data sheets suggested by the National Institute of Agricultural Research (2008) and the database of the

INCCA (2010).

Type General variables Land use distribution of production, ha (average farm size = 33.9 ha)
% of producers  Surface (ha) No. of households Input use Coffee Cocoa Palm Other crops Grazing Forest Working days required: type/year/ha
1. CC 60 29,462 14,616 MIU 0.5 0 5.4 9 17.5 52
2.C 32.2 20,928 7849 MIU 0 0 2.9 9.4 18.9 39
3.CCP 4.4 10,869 1083 HIU 0.7 7.8 15.7 6.8 1.4 46
4. Ccf 3.3 1092 812 LIU 1.3 0 6.8 1.8 24 88

TOTAL ZONE AREA
39,052.0

Total provinces
22,500.0 16,559.0
Coloni Zone not protected | Colonized
Zone (National parks and reserves) Zone
16,308.1 | 6,191.9 4,209.5 | 12,3495
Farms Infraestructures, towns and i Farms
Area Area
3,308.3 | 129998 | | 7.399.8 | asas7
Agricultur Ints — Agricultur
interven re:
eArea eArea
1,852.5 | 1,455.8 | I 2,178.5 | 2,772.4
Livestock Area (grass)
9581 | | 14320
Others crops (corn, banana, mandioca, rice, fruts, etc.)
2364 708.2 I l 1,098.9 3044
Cocoa Coffee Area in km* Cocoa Coffee
193.9 42.5 2519 52.5

Fig. 2. Land use distribution in the provinces of Orellana and Sucumbios, Ecuador (area in km?) for 2013. Source: Own elaboration based on data from the INCCA

(2010), GAPO (2014), INEC (2016) and GADPS (2015).

Giampietro, 2014; Tittonell et al., 2010; Williams et al., 2015).

The characterization of types was made in terms of land use patterns
and impacts upon the environment, whether through the use of syn-
thetic inputs, the implementation of monocultures or the expansion of
the agricultural frontier and the consequent reduction in the forested
area. The classification of typologies was based on the technical data
sheets suggested by the National Institute of Agricultural Research
(Instituto Nacional de Investigaciones Agropecuarias), in terms of area,
level of agrochemical use, crop combination, etc., with consideration
given to these recommendations as thresholds.

One characteristic shared by the different types is the need for crops
that guarantee a permanent inflow of cash. In all cases, apart from
coffee and cocoa, there are “other crops” (plantain, maize, cassava, rice
and fruit trees) that help in providing food security to households. The
types defined include farmers who share at least one of the cash crops,
as follows: Type 1 contains coffee and cocoa plantations (CC); Type 2
contains only cocoa cultivation (C); Type 3 comprises coffee, cocoa and
oil palm plantations (CCP); and finally, Type 4 only has coffee farming
(chn.

Based on the expenditure on agricultural inputs (e.g., agrochem-
icals, tools), and following the work of Arizpe et al. (2011), thresholds
for external input use were defined in the following way: low-input use
(LIU) for those households with input expenditure below 10% of the
average household income; medium-input use (MIU) for those with
expenditure between 10 and 25% of the average income; and high-
input use (HIU) for those households with more than 25% of their in-
come allocated to inputs.

Subsidies provided by the central government were also accounted
for as part of household income, such as: a) fossil fuels — LPG, diesel and
gasoline, subsidies associated with redistribution policies from the
central government concerning oil revenues from oil extraction

activities in the region; b) electricity, through the “dignity fare”,® and c)

through the human development bond.” Moreover, subsidies from
agricultural development programmes were also estimated, which
usually included tools, inputs, seeds and saplings. In order to fully ac-
count for income, a monetized figure for production for the self-con-
sumption of “other crops” and “grass” (a valuable source of food pro-
ducts for households) was included.

Off-farm work was also accounted for as a source of income avail-
able to most households. The nexus between the farm and the en-
vironment results from the pressure that crops impose on the forest and
the ecosystem services they provide. By the time the fieldwork was
carried out, no single farmer was involved in any PES scheme, such as
Socio Bosque.

3. Results
3.1. General characterization of household types

Table 2 characterizes household types and shows the area for the
combination of crops, the number of households involved, the level of
inputs used, as well as the required number of working days per hectare
and per year. The diversity of crops found in the different households
contributes to improving household self-consumption and, in some

© A subsidy of US$0.05/kWh (from the official price of US$0.09 to US$0.04) for a
monthly consumption of 110 kWh in the sierra regions and 130 kWh in the coastal re-
gions, the Amazon and the Galapagos, for households in Quintiles 1 and 2, according to
the National Institute of Statistics and Censuses (INEC).

7 A subsidy for low-income households attached to certain obligations. In 2013, about
two million households benefited from this subsidy. More information is available at
http://www.mies.gob.ec/
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Table 3
Farm income per activity per month (USS$).
Source: Own elaboration based on data collected by survey.
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Type Agricultural production Livestock Total
Coffee Cocoa Palm Cassava Maize Rice Plantain Fruits Wood Animals
1. CC 32.3 67.7 0.0 6.8 24.0 2.7 24.8 4.9 12.1 63.8 239
2.C 0.0 96.4 0.0 4.9 16.8 4.4 9.4 0.3 1.8 125.5 260
3. CCP 22.0 60.0 775.0 28.5 20.0 0.0 0.0 45.0 0.0 103.8 1054
4. cf 13.9 0.0 0.0 111 333 0.0 111 0.0 100.0 0.0 170
Table 4
Income by source per month (US$).
Source: Own elaboration based on data collected by survey and subsidies provided by the government.
Type Farm activities Self-consumption Off-farm activities Subsidies Total
Dayworker Business Other
1. CC 239.0 66.6 74.0 36.4 65.3 47.0 528
2.C 259.6 125.3 13.8 24.3 537
3. CCP 1054.3 0.0 41.5 150.0 1360
4. cf 169.4 156.4 0.0 0.0 440
Table 5
Expenditures per month (US$).
Source: Own elaboration based on data collected by survey.
Type Goods Services Other Total
Food Medicines Clothes Agricultural inputs Telephone Transport Gas Electricity
1. CC 250.7 28.2 22.4 80.3 11.6 29.9 4.6 11.3 16.0 455
2.C 214.0 27.9 16.2 82.9 7.2 25.6 3.8 8.4 32.9 419
3. CCp 251.6 18.5 19.3 867.5 7.5 10.5 3.9 12.5 23.5 1214
4. cf 166.6 10.0 46.7 2.0 3.7 30.3 3.2 8.3 46.7 317
cases, generates income whenever there is a surplus. Table 6

Table 2 shows the predominance of cocoa combined with coffee.
This combination may respond to a strategy of income diversification
by trying to minimize the negative impact of both market price and
production fluctuation upon household income. The number of small-
holders producing only cocoa is 10 times more than for those producing
coffee. This could be related to the labour requirement of each crop.
While cocoa requires only 39 working days/ha/year, coffee is more
labour-intensive, requiring 88 working days/ha/year, especially during
the harvesting phase, in which only red beans are picked, ensuring
uniformity in the quality of the coffee harvested.

Furthermore, Tables 3-6 present a comprehensive economic ac-
count of income, expenditures® and surplus for each household type.

The economic activity shown in the tables above links land use with
the market as a source of income through the selling of agricultural
(i.e., coffee, cocoa, plantain, maize, cassava, rice) and animal (i.e.,
hens, milk, eggs) products.

With the goal of understanding whether income level is high or low,
these values have been compared to the Cost of the Household Basic
Basket (CHBB),” as defined by the central government (INEC, 2014). In
addition, the types have been framed by indicators with intensive
variables, which allows for a better discussion of the results. The per-
formance of the four types is compared in terms of the number of

8 Various education expenses are covered by the state: public education is free and
includes the provision of uniforms, books and school breakfast (for more information, see:
https://educacion.gob.ec/gratuidad-de-la-educacion-publica/).

9 The Household Basic Basket refers to the products that a four-member household
requires to satisfy their needs. The INEC (2014) uses this ‘basket’ for the calculation of
inflation.

Surplus by household type per month (US$).
Source: Own elaboration based on data collected by survey.

Type Income Expenditure Surplus

1. CC 528 455 73

2.C 537 419 118

3. CCP 1359 1215 144

4. Cf 439 317 122
Table 7

Indicators per 1000 ha.
Source: Own elaboration based on survey. (* Project Cost of the Household
Basic Basket.)

Type No. of Surplus Expenditure on % of Required
households (US$) inputs (US$) forest ~ working time
meeting 100% (dayworker/
of CHBB* year)

1.CC 26 1661 2369 51.7 2696

2.C 25 2618 2447 55.9 2655

3.CCP 68 4266 25,590 4.1 31,456

4. cf 20 2535 59 70.8 2389

households meeting the CHBB level, the surplus generated, the ex-
penditure on inputs, the surface of forest that is conserved and the la-
bour requirement. Table 7 presents the number of households that
would be supported for every 1000 ha across every type, with the re-
striction of being able to cover 100% of the CHBB.

In the following paragraphs, the different types are described ac-
cording to these characteristics.
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3.2. Type 1: coffee and cocoa producers

According to our study, 14,616 families belong to this type
(Table 2), producing Robusta coffee and cocoa (National and CCN51'9).
This land use pattern generates around US$100 of income every month,
while “other crops” (about 5ha) are responsible for a fraction of pro-
duction for self-consumption purposes and generate about US$64 of
extra cash by selling surplus products at the market. 9 ha of pasture are
mainly used for subsistence stockbreeding and, to a lesser extent, for
the market, generating US$25/month. However, this type expends
about US$80 on agro-inputs (falling under the MIU type). Finally, the
rest of the farm contains about 18 ha of forest, which produces some
wood for the household and some for the market (about US$12/
month). Forests are also important because they act as savings for the
household and are a valuable source of animal protein (game and fish).

This type produces coffee and cocoa in a 3:1 proportion. In order to
adequately attend to this combination of crops, 104 working days/year
(832 h) would be needed. However, they only allocate half that amount,
generating an income flow of about US$1200/year. Taking into account
that the wage for a working day is US$13, households make 60% more
in gross terms (without deducting input expenditures), or US$23.1/
working day. This apparent positive cash flow is also rewarded by an
increase in self-esteem implied by generating income on their own
farm. The total monthly income for this type goes up to US$528.3,
which equates to 84% of the CHBB, i.e., US$628.3 according to the
INEC (2014). Off-farm activities provide for 30% of household income.
Despite these characteristics, this type is the one with a lower surplus,
i.e., only US$73.4.

3.3. Type 2: cocoa-only producers

This household type includes 32% of families and covers 47% of the
cocoa cultivated in the area. It has been subject to many public and
private aid programmes. Every smallholder has 2.7 ha of cocoa, with
only 200 kg of dry cocoa/ha/year, a yield well below the potential. The
income generated is US$96.4/month, while the peak of production falls
between March and July, during which more cash is available.
Combining self-production and sales from other crops brings an extra
US$154.8 from using 12.3 ha. In relative terms, income generated by
the production of cocoa is higher than that of other crops and pastures.
Off-farm income is also 30% of total income, which is higher than that
reported for cocoa. Total income amounts to US$536.6, equivalent to
85% of the CHBB, almost the same as Type 1. However, the remaining
surplus is higher at US$117.7, i.e., 60% above Type 1.

Families allocate 52 working days/year, equivalent to an income of
US$22.2/working day. This type has more expenditure on inputs,
falling under the MIU type. On the other hand, the surface occupied by
forests is more than half of the farm (19 ha), providing for fish, game,
wood and firewood, an alternative to LPG.

3.4. Type 3: coffee, cocoa and palm producers

Type 3 adds oil palm to coffee and cocoa production as a cash crop.
These farmers are located mainly in the province of Orellana, as the
provincial government has encouraged this crop in recent years.
Around 8000 ha (30% of total oil palm cultivation) belongs to small-
holders. A majority of the surface corresponds to young plantations
(four to eight years), which have not reached their peak production as
yet.

The average coffee and cocoa land plot is about 2.3 ha, while the oil
palm average is 7.8 ha, generating a combined monthly income of US

101n 1965, the Ecuadorian researcher Homero Castro developed a cocoa clone from
the double hybridization of genetic material from the Trinitario and Forastero varieties of
Amazonian origin (CCN51). This is resistant to fungal diseases and gives high yields
(International Plant Nutrition Institute, 2014).
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$857. This level of income is apparently high, although it involves HIU
use. More than half of the farm is cultivated intensively with other
crops, implying that the area left to forests is residual. Therefore, the
environmental impact of this type is higher.

Off-farm income comes from renting vehicles or machinery, or from
trade. This household type demands high amounts of labour. Under
optimal conditions, it would demand 460 working days/year. Although
the income level is high, the level of input requirements is also high.
This situation may change in the near future when plantations reach
their peak yield.

3.5. Type 4: coffee-only producers

This household type shows lower levels of land use. Coffee uses a
reduced surface of only 1.3 ha of average land with old or low-quality
plantations, which generate only US$14/month, complementing in-
come from other crops. There is no use of inputs, so they fall into the
LIU category. Under optimal conditions, they would need 118 working
days/year; however, less than a half is allocated, resulting in a very low
profitability. While these smallholders would double their income if
they worked off-farm instead of producing coffee, off-farm alternatives
are scarce and restricted to dayworkers, with coffee being a cultural
issue for them as an acculturation effect from the 1970s, resulting from
colonization where the coffee crop was introduced as a generator of
economic income (Little, 1992).

The low-income level makes other crops crucial in terms of self-
consumption, as well as for generating some extra cash equivalent to US
$55 by using an average of 6.8 ha. Total income (once production for
self-consumption is monetized) amounts to US$439.5, the lowest of all
types, equating to only 70% of CHBB. On the other hand, given that the
land use is less intensive, forest occupies 75% of the land, thus be-
coming the second source of income, after off-farm work, providing
25% of the total income.

3.6. Economic and environmental effects of agrochemicals

The expenditure on agricultural inputs (Table 5) is strongly asso-
ciated with agrochemicals, which play a relevant role in both en-
vironmental and economic terms, as there seems to be an overuse that
has impacts upon the environment and household budgets, as shown
above.

The interviewed smallholders and leaders stated that the increase in
the use of agrochemicals experienced in recent decades is related to the
strong incidence of sales agents in the region, who introduce themselves
as “advisers”, while delivering biased analyses with a lack of control
over dosages. They also state that it is due to new cultivation practices,
which are increasingly aligned with monocultures practised widely in
other areas of the country. These forms of cultivation are opposed to
agro-ecology or to the chakra system,'’ which has traditionally been
practised in the area and shown to have an attribute of resilience
against the attack of pests and diseases.

Agroforestry systems also present advantages in terms of erosion
control, timber, food, income, medicines, fuel and soil improvement
(Altieri and Nicholls, 2000; Dawson et al., 2014). Shade-grown agri-
culture, in both primary and secondary forests, represents an interesting
alternative, which makes agricultural production compatible with
biodiversity conservation (Purseglove, 1968; Young, 1994; Perfecto

11 The chakra system corresponds to a combination of more than 180 species and
varieties of plants, which allows growers to guarantee food availability (e.g., banana,
cassava), medicinal plants, wood and cash crops, such as coffee and cocoa (Gasché, 2006;
GIZ, 2013). The practice of agroforestry or chakra systems, which represents a Kichwa
rural family agriculture system, constitutes an alternative that could make these pro-
ductive systems more sustainable and profitable, implying alternative sources of income
(Ferguson et al., 2009) and guaranteeing food security, while improving the families'
nutrition (Rennie, 1991; Arzeno et al., 2015).
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et al., 1996; Beer et al., 1997; Belsky and Siebert, 2003). However, this
activity is also under pressure from markets, climate change and pests
(Belsky and Siebert, 2003), in a context in which smallholders are
placed at the beginning of the value chain, resulting in more risks and
less income (Diaz et al., 2009; Blackman and Naranjo, 2012).

The main agrochemicals used in the region are herbicides, followed
by insecticides, fungicides and fertilizers. This has a strong relation with
the prevailing climate in the area, where an average rainfall of
3156 mm/year is recorded, distributed over 250 days/year, and with an
average temperature of 26 °C (INAMHI, 2016), i.e., conditions which
favour the growth of weeds and the appearance of pests and diseases.

For Types 1 and 2, they represent a significant share of household
expenditure, at about 15%. Despite these practices, the use of agro-
chemicals is still low in the region, as in the case of Type 4 LIU, which
also probably relates to budget restrictions; this is except for Type 3 (oil
palm plantations) HIU, which presents agro-industrial characteristics.

Due to the lack of instructions in the use of agrochemicals, the
practices for oil palm plantations are being replicated for other crops.
This has a double-negative effect in economic terms for smallholders as
it increases production costs, while, in environmental terms, it increases
pollution for no reason.

4. Discussion

Income from coffee and cocoa production represents about 19% of
total household income for Types 1 and 2 despite their low yield,
whereas it is only 8% for Types 3 and 4. Type 3 earns more from other
crops and oil palm, while Type 4 receives the most from off-farm work,
although production at the farm still plays a cultural and environmental
role.

Under these circumstances, Type 4 performs very well in environ-
mental terms (LIU and 24 ha of forest) and is very close to Type 2 in
economic terms. Hence, there is a need to increase income via im-
proving some agricultural practices (e.g., pruning), selecting plants and
particularly changing to commercialization, thus making it possible for
smallholders to move up the value chain. Unless measures supporting
productive activity of this type are implemented, a shift towards Types
1 and 2 could be expected, or even worse towards Type 3 by means of
selling or renting their land.

The analysis of the surplus generated by each type helps in identi-
fying the reasons why households have chosen different productive
patterns. It can be seen how cocoa has gradually replaced the cultiva-
tion of coffee. According to the Third National Agricultural Census
(2000), 49,389 ha of coffee and 7751 ha of cocoa were present in the
area, while, according to our study, there were 44,580 ha of cocoa and
9500 ha of coffee in 2013 (Fig. 2). This is consistent with our results, as
Type 2 has a higher surplus than Type 1, which has the lowest surplus
of all and depends largely on off-farm work for guaranteeing livelihood.
Until 10 years ago, large-scale landowners dominated oil palm plan-
tations. Only recently have smallholders engaged in oil palm produc-
tion, thus giving rise to Type 3. Despite the fact that plantations are still
young (four to eight years), they already show the highest surplus (US
$144.63); however, from an environmental point of view, they are the
least interesting of all, because they involve a HIU, with forest only
covering 4% of land, and the number of families that have benefited
from that is very low (4.5%). One can understand why private en-
terprises and even the central government are interested in this type
(profits, but also greater GDP and taxes). However, this type also re-
presents more environmental impacts and a greater degree of de-
pendency for the households (a large fraction of their income is ex-
pended in buying agrochemicals from the very same intermediaries
who are commercializing palm oil). These reasons do not make this
type, in our view, an option for future development.
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5. Conclusions and policy recommendations

Creating types for an analytical case study in one of the most im-
portant areas of the Ecuadorian Amazon, with highly biodiverse eco-
systems and significant forest cover, allows for visualizing different
land use patterns linked to economic resource generation as a means of
subsistence. This behaviour is strongly linked to public policies being
developed in the sector, where it is believed that oil palm monocultures
could be a better alternative revenue source for farmers. However, as
shown in Types 2 and 4, its utility is very similar to Type 3 (oil palm),
but with a much lower dependence on intensive agrochemical use in
the case of Type 2 and a practically null value in Type 4, which hardly
uses agrochemical inputs. The differentiated performance of types
should encourage the design of tailored interventions to address the
problems encountered by each of them, promoting those types with less
environmental impact, but which still provide the necessary means for
livelihoods and incentives for the conversion of the types with more
impact.

One example of public policy that could be informed by these results
is the PES scheme Socio Bosque, run by the government. The current
participation rate would probably benefit if it accepted applications to
the programme from farmers with ‘under the shadow’ coffee and cocoa
crops (shadow of at least 30-40%) or involved in the chakra system
who have engaged in organic certification programmes. In this way, the
programme would not only provide incentives for smallholders to
maintain primary forests, but also increase revenues from sustainably
grown coffee and cocoa, guaranteeing conservation along with im-
proving livelihoods for smallholders.

The increased income from oil royalties (e.g., the forthcoming
Organic Law of the Amazon Special Territorial Circumscription includes
setting up a development fund with such royalties) could be oriented
towards policies that diversify and increase household income, for in-
stance, by encouraging associative work in cooperatives, processing
coffee and cocoa to add value to production, or by engaging in new
activities such as agrotourism, making households more resilient in the
face of evolving international prices for coffee and cocoa and season-
ality.

The intensity of land use, marked in large part by the expansion of
the agricultural frontier and the reduction in forest cover on farms, is
much lower in Type 4 than in the other types, making this form of
production more desirable in environmental terms. However, this type
shows a limitation in terms of income generation, as nearly 35% of its
income comes from off-farm work performed by dayworkers. This as-
pect is important to consider in the development of agricultural pro-
grammes oriented toward jump-starting production, where time dedi-
cated by farmers is an important variable, since this type would not
have any time restrictions when either adopting a more labour-in-
tensive agricultural practice or expanding the agricultural frontier. In
contrast, Type 4 reflects the practical impossibility of adding crops to a
farm, since agricultural use of the available land surface is found to be
at 96% capacity.

Identifying the land use and economic income corresponding to
types has also revealed the fact that Type 2 represents the lowest labour
demand per hectare, an aspect that could be useful for pushing pro-
grammes focused on cocoa production, in which labour availability, on
the one hand, and profitability per hectare for cocoa and coffee, on the
other, should be analysed.

It is pertinent to analyse the amount of economic income that each
type can generate, as well as how each one contributes to food provi-
sion for the family, thus reducing the risk of dependence on foods ac-
quired from outside the farm.

There are still many aspects to investigate, especially in connection
with the effects of agricultural programmes that intervene in the de-
termination of cultivation patterns; there are such programmes that will
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finish in 2021 and surely modify forms of production. The use of a
typology can be useful, for example, when analysing cultural factors of
production. At the moment, a research project is being set up to es-
tablish two sets of types, one corresponding to the native farmers in the
respective area, with chakra-style farming based on ancestral practices
and quasi-organic production, and the other with colonist producers,
many using typical practices of the green revolution.
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