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Abstract: The Sustainable Development Goals (SDG) of 2015 identify poverty, growth, and inequality
as three key areas of intervention towards the UN 2030 Agenda for human well-being and sustain-
ability. Herein, the predominant objectives are: (a) To determine the poverty groups by quintiles
through the cattle income in households of small milk producers; (b) To characterize rural livelihoods
by using capital theory; and (c) To assess the perception of climate change (CC) and the willingness to
accept adaptation as well as mitigation measures. The current study was performed in communities
that are located in the Ecuadorian Andes, where some 178 surveys were conducted with indigenous
Kichwa and mestizo heads of households. From the total net income determined, five groups were
organized. The Lorenz curve was applied as a general indicator of the relative inequality, as well as
the Gini coefficient (G). On the basis of the theory of capital, the human, social, natural, physical,
and financial characteristics were determined, and seven variables were considered to evaluate the
perception and willingness to accept mitigation and adaptation actions of the given quintiles. The
result of the Gini coefficient was 0.52, which indicates that the poorest 20% of the population only
receives 3.40% of the income, while the richest 20% of the quintile obtain about 54% of the total
income. It is evident that most producers know little about CC, but that they are willing to receive
strengthening programs. Therefore, it is essential to establish strategic guidelines from public policy
in order to reduce inequality and to improve the social welfare of producers, with a transversal axis
in the strengthening of the capacities on the impact, mitigation, and adaptation to CC, as well as the
provision of several tools, such as access to climate information.

Keywords: indigenous; poverty; inequality; climate change; Lorenz curve

1. Introduction

Livelihoods can be defined as a measure of the set of actions that are taken by people,
within their capacity and capital, to earn a living by maintaining a highly diverse portfolio
of activities, while livelihood capitals encompass the natural, physical, human, social, and

Sustainability 2022, 14, 5028. https:/ /doi.org/10.3390/s5u14095028

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su14095028
https://doi.org/10.3390/su14095028
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-9182-419X
https://orcid.org/0000-0001-7413-2151
https://orcid.org/0000-0002-6039-3411
https://orcid.org/0000-0002-9521-353X
https://orcid.org/0000-0003-1903-7914
https://orcid.org/0000-0003-1977-7752
https://doi.org/10.3390/su14095028
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14095028?type=check_update&version=1

Sustainability 2022, 14, 5028

2 of 20

financial resources that are critical to the survival of people in response to stresses and
shocks, without damaging the natural resource base [1-4]. Livelihoods involve not only the
activities that shape the way that people live, but also the resources that ensure a satisfying
life, the risk involved in managing those resources, and the policies that support or oppose
the pursuit of livelihoods and good living [2]. Subsistence capitals can be stored, exchanged,
and transferred in the process of generating income for the household [4-9].

The important role of conventional agricultural strategies (e.g., agriculture, forestry,
and livestock) in reducing poverty is pointed out by the authors of [10-15], who argue
that the increase in the area of arable land, the development of agricultural products
with high added value, the adjustment of the structure of agricultural production, the
improvement of the productivity of the land, and the fulfillment of the basic requirements
for agricultural activities would produce less poverty. In the central Ecuadorian Amazon,
it was determined that the livestock-based livelihood strategy was more successful in
economic terms than others that are oriented towards agriculture and forest use [16,17],
with the recommendation of 16 livestock best-management practices that are aimed at
climate-change adaptation and mitigation as actions to strengthen the livelihoods of cattle-
raising households [18]. In addition to the insights that are inherent in perception processes,
climate-change impacts are increasingly recognized as important drivers of livelihood
strategies that are, in particular, effective linkages with the livelihood vulnerability and
the alleviation of poverty [19-21]. Climate change is an additional burden on poor people,
who are already vulnerable and excluded, and there are predictions of additional risks to
livelihoods and greater inequity in the future [22].

Poverty is a complex economic phenomenon that occurs when the income of individu-
als or households falls short of basic living standards [22,23] because of the deprivation
of access to social, economic, and political resources to achieve adequate food, the use
of drinking water and sanitation, among many others [24,25]. These circumstances may
be divided into absolute and relative poverty [26,27], chronic or persistent and transitory
poverty [28,29], regional (place) and individual (people) poverty [30-34], as well as urban
and rural poverty [35,36]. Regional poverty is a chronic or persistent poverty, while indi-
vidual poverty is transitory [24]. Individual poverty is closely related to regional poverty,
and they influence and interact with each other. Regional poverty usually leads to the lack
of an endogenous impulse for the individual development of a region; in turn, individual
poverty translates into slow socioeconomic development and the lack of infrastructure
and the guarantee of public services throughout the region, which accumulates as regional
poverty [24,37-40]. Both individual and regional poverty are affected by human, social,
financial, physical, natural, and livelihood capitals, as well as by their synthetic geographic
capital, while these poverty-influencing factors vary across time scales and geographic
regions [37,38].

Approximately 80% of the world’s poor live in rural areas [41]. Reducing their multi-
dimensional vulnerability needs to be a local, national, and international priority [42-44],
and, in this way, may comply with the indicators and goals of SDG 1, which shall lead to the
eradication of poverty, and SDG 2, which may lead to the achievement of food and nutrition
security and the end of hunger, as described in the UN Sustainable Development Goals for
2030 [44]. This accomplishes a better mitigation of the rural gap of urban contexts [45,46]. A
key route out of rural poverty is to improve the productivity, profitability, and sustainability
of small-scale production systems [47-49]. Scientific evidence from specific geographic and
social contexts is needed in order to inform the implementation of effective instruments
that target vulnerable smallholder farmers [50-52]. Human security relates to the social
order in its concern for stability, as well as to the levels in the key dimensions of human
development, which include freedom from misery and fear [53].
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The geographic elements that affect poverty include location, resource endowment,
the ecological environment, public service, regional politics, and culture [54-56]. Previous
studies have indicated that there is a “downward spiral” between regional impoverishment
and environmental degradation [57-65]. The remote geographic location is often considered
to be the main cause of the high incidence in the semiarid region of Zimbabwe [66]. Even
in developed countries, such as the United States and Great Britain, rural impoverishment
and geographic locations are closely related, and the incidence of poverty increases with the
distance from metropolitan areas [67]. In China, ecologically fragile areas largely overlap
with poor areas [68]. In addition, the topographical conditions, the slope, the surface
fragmentation, the distance/travel time to public resources or services, the elevation, and
the type of land use are also closely related to poverty [54,69-73]. Complex topography
has a positive driving effect on the spatial distribution of poverty-stricken countries [72].
Natural conditions play a scale-independent role in the incidence of poverty [71]. Soil
erosion can affect the quality of agricultural land, which forms a vicious cycle of ecological
damage, soil erosion, the shrinkage of arable land, impoverishment, the reclamation of
steep slopes, and ecological degradation [36]. Natural disasters and climate change are
also considered to be driving forces of rural impoverishment [64,74-77]. Natural disasters
perpetuate poverty and make it difficult for poor people to escape it [78-83]. Globally,
natural disasters force around 26 million people into extreme poverty each year [76,78].
By 2030, around 325 million extremely poor people are expected to live in the 49 most
hazard-prone countries in the world, with most of them in South Asia, sub-Saharan Africa,
Latin America, and the Caribbean [84].

In this context, the objectives of the current study were three-fold: to determine
the poverty groups by quintiles through cattle income and inequality by using the Gini
coefficient and the Lorenz curve in the households of small milk producers, to characterize
rural livelihoods by using the theory of capitals and by evaluating the perception of climate
change, and to evaluate the readiness to accept adaptation and mitigation measures.

2. Materials and Methods
2.1. Study Area

The present study was performed in four livestock communities in the Tungurahua
and Chimborazo provinces, which are located in the biogeographical region of the Andes
mountain range in central Ecuador (Figure 1). The communities of Pilahuin and Tamboloma
belong to the Pilahuin parish (42,156 ha), which is located to the southwest of the Ambato
canton in the province of Tungurahua. On the other hand, the San Rafael and Chuquipogyo
communities in the San Andrés parish (159,900 ha) are located in the central highlands
of the country, northwest of the Guano canton, within the province of Chimborazo. The
predominant bioclimatic floor is the high montane, while the temperatures range between
0 and 14 °C, with an average annual rainfall of about 1142 mm [85].

Some 49 and 39.4% of the territory of the Pilahuin and San Andrés parishes, respec-
tively, are within the National System of Protected Areas (SNAP) [86]. They overlap in
the Chimborazo Fauna Production Reserve (CFPR), which was created under Ministerial
Agreement No. 437 of 26 October 1987, which extended to an area of some 58,560 ha [87,88].
The CFPR is distributed among three provinces, six cantons, and nine parishes (Table 1).
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Figure 1. Pilahuin, Tamboloma San Rafael, and Chuquipogyo communities located in the Pilahuin

and San Andrés parishes, within the Ecuadorian Andes.

Table 1. Administrative distribution of the Chimborazo Fauna Production Reserve (RPFC), in the

Ecuadorian Andes.

Provinces Cantons Parishes

Meters above Sea Level

m.a.s.l.
Chimb Riobamba San Juan 3200
rmborazo Guano San Andrés 6310
Pilahuin 3480
Tunetrahua Ambato Juan Benigno Vela 3016
& Tisaleo Tisaleo 3320
Mocha Mocha 3280
Simiatug 3238
Bolivar Guaranda Salinas 3536
Guanujo 2920

2.2. Data Collection and Statistical Analysis

We conducted 197 surveys on small ranchers in four communities, from which those
with between one and twenty head of cattle were chosen. A total of 19 producers that did
not meet these characteristics were eliminated, and we finally continued with a sample
of 178 cases. The selected small ranchers were distributed with 49 in Pilahuin, 45 in
Tamboloma, 48 in San Rafael, and 36 in Chuquipogyo. For the grouping of small ranchers
by poverty quintiles, the income and costs of the cattle-ranching activities at the household
level were determined. Subsequently, the theory of capitals and climate change grouped by

quintiles was analyzed.
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Thereafter, a total of 178 cattle farms were analyzed for a variety of parameters.
Prior to the statistical analyses, the normality of the data distribution was evaluated by
using the Kolmogorov-Smirnov test, including the Lilliefors correction [89,90]. For those
variables that did not demonstrate normal distributions, the Bartlett test was applied in
order to assess whether the data had equal variances [91]. The quantitative variables
were compared by using the analysis of variance (ANOVA) and establishing the Quintiles
as a fixed effect (from 1 to 5 levels) [92]. For the comparison of the means, the Tukey
method was used. Likewise, the x2 test (p < 0.05) was used for the qualitative variables.
Statistical 12.0 for Windows software was applied to perform the statistical analyses, and
the SPSS statistical program was used for the analysis of the descriptive statistics, such as
the standard deviations, averages, percentages, and frequencies.

2.3. Determination of Net Income and Poverty Groups by Quintiles

To determine the net income, calculations were conducted of all the income from cattle
activities at the household level, from which all of the costs that were incurred in activities
related to cattle farming were subtracted. Furthermore, we used quintiles to group the
subjects into several equal groups, as quintiles are frequently used in economic and social
analyses and they allow the establishment of inequality metrics. The quintile facilitates the
classification of the population according to income, with homogeneous values within the
group, and heterogeneous values between them [93-95]. Thus, from all of the households
surveyed, the total net income of each household was calculated, and they were arranged
into five groups according to their income, in ascending order. This occurred in such a way
that Quintile 1 corresponds to the 20 percent of the people with the lowest income, and the
fifth quintile to the 20% with the highest income.

Quintile 1 (Q1): value that is higher than the 20% of the lowest samples;
Quintile 2 (Q2): value that is higher than the 40% of the lowest samples;
Quintile 3 (QQ3): value that is higher than the 60% of the lowest samples;
Quintile 4 (Q4): value that is higher than the 80% of the lowest samples;
Quintile 5 (QQ5): corresponds to the highest value.

n .
q( 5 )—Nz—l

Qp-Lip ——— *a M
1

With g = 1,2,3, 4

where:

L; is the lower real limit of the class of the quintile (g);

N is the number of data;

Ni — 11is the cumulative frequency of the class that precedes the class of the quintile (g);
n; is the frequency of the class of the quintile (g);

a is the length of the class interval of the quintile (g).

In order to determine and categorize the poverty, we first used the recommendation
from the INEC [96], who suggest comparing the per capita household income with the
poverty line and with extreme poverty, which, in the month of June 2018, were USD 84.72
and USD 47.74 per month per person, respectively. In this framework, households with
individuals whose per capita income is below the poverty line (USD 2.82 per day) are
reported and are considered poor, and if it is below the extreme poverty line, they are
considered extremely poor (USD 159 per day). Secondly, we named the poverty groups
according to the five categories (quintiles) as extremely poor (Q1), moderately poor (Q2),
not so well-off (Q3), moderately well-off (Q4), and well-off (Q5).

2.4. Income Inequality (Gini Index and Lorenz Curve)

For the determination of the income inequality, the Lorenz curve was used as a general
indicator of the relative inequality [97,98], which allowed for a graphic representation of
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the income distribution. The Gini coefficient (G) was also determined to support the results.
The Gini measure is defined as the area that is closed by a diagonal, while the Lorenz curve
is expressed as a proportion of the area under the diagonal [91], where a coefficient close
to 1 means extreme inequality, and 0 represents complete equilibrium, which means that
everyone earns the same.

The original formula appears in various forms, but it can be calculated from the Lorenz
curve as the ratio, and can be represented in the following equation: G = Area A/(Area A +
Area B). For the current study, we followed the following formula:

N
G=1-) (oY1 +0Y)(0Xi_1 +0X;)) 2

i=0

where 0 X and oY are the cumulative percentages of the Xs and Ys (in fractions), and N is
the total number of households.

For the study of the income from the cattle activity by quintiles, the following variables
were analyzed: (1) The average income from milk sales, which refers to the production
for sale in the collection center; (2) The average valuation per calf, which indicates the
milk production for raising the calves owned by the rancher; (3) The average total cattle
income, which is the sum of both the income from the sale of milk and the valuation per
calf; (4) The average household size, which allows a reference to the amount of members
that a household has living under the same roof; (5) The average per capita/daily income,
which refers to all the economic income that is received by a household; (6) The category
according to the INEC [96], which is a variable that defines the grouping of the households
surveyed; and finally (7) The percentage of the sample.

2.5. Characterization of Rural Livelihoods Using the Theory of Capitals

The rural livelihoods were characterized by using the socioeconomic variables that
correspond to the five capitals (human, social, natural, financial, and physical). Details of
the variables used are listed in Table 2. Herein, in the analysis of human and social capital,
the following variables were used: (1) Ethnicity, in order to obtain knowledge about the
type of Kichwa and Mestizo nationality that the surveyed households belong to; (2) The
gender of the head of the household, which indicates which gender predominates more in
the study site; (3) The age of the head of the household, as this variable is fundamental to
determine the age of the so-called head of the household; (4) The education of the head of
the household, which is a necessary variable, as analyzing the degree of education allows
for an understanding of how aware that person is of the issues of the current research;
(5) The replacement generation, which is crucial since it reveals the existence of the heir
after the death of the head of household, independent of the gender, who will continue
the livestock legacy; and (6) Whether they belong to an agrarian association, which is
substantial since it is a strategy of where and how they work together in order to reach a
common goal.

Table 2. Topics and variables studied in capital theory.

Topic Variables
Human and social Ethnicity, gender, age, and education of the household head,
capital successor generation, and association membership.
Natural capital Total farm area, pasture area, crop area.

Total number of animals per head, total number of cows in
production per head, availability of milking water, type of
milking floors, container that moves the milk, who performs
the milking, and who receives a bonus from the state.

Physical and financial capital

For the study of the natural capital, three variables were analyzed, which included:
first, the total farm area (ha), as this refers to the number of hectares each farm has; and
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second, the pasture area (ha), which refers to the surface area that is occupied by grass; and
finally, the cultivation area (ha).

In order to calculate the physical and financial capitals, the following variables were
used: (1) The total number of animals per head, which refers to the total number of cattle
owned by the small producers; (2) The total number of production cows per head, which
reflects the milk yield; (3) The milking water, which consists of the amount of water
used in the livestock activity; (4) The type of milking floor, as this variable allows for the
identification of where the milking takes place; (5) The milk container, which indicates
what type of container is used for milking; (6) Who performs the milking, as this variable is
essential to the identification of which gender predominates; and (7) Who receives a bonus,
as this corresponds to the beneficiaries by the government.

2.6. Perception of Climate Change (CC) and Readiness to Accept Adaptation and
Mitigation Actions

Depending on the groups by quintiles, the variables that are detailed in Table 3 were
analyzed. These include seven different variables and the corresponding options of responses.

Table 3. Variables for climate-change analysis.

Id Variables Options

1 Understanding about climate change. 1: yes; 2: no; 3: some

2 Does the weather change in your area? 1: yes, alot; 2: yes, a little:

3: no; 4: unsure

3 Willingness to receive climate-change training. 1: yes; 0: no

4 Willingness to adopt app.roprlate 1: yes; 0: no
cattle-management practices.

5 Access to climatological information. 1: yes; 0: no

6 In the.last teg years, have you adopted 1: yes; 0: no
adaptive actions to climate change?

7 Willingness to invest labor and materials to 1: yes; 0: no

adopt actions adapting to climate change.

3. Results and Discussion
3.1. Determination of Poverty Groups by Quintiles through Cattle Income

In relation to the first quintile (Q1), an annual average of USD 1174.26 was obtained,
with a standard deviation of +595.98. These were 103 households that were in a state of
extreme poverty, which represented around 58% of the total of 178 households that were
surveyed from the four communities that were studied in the provinces of Chimborazo and
Tungurahua (Figure 2). Similar scenarios appear to the small ranchers of Puno (Peru) [99],
Ethiopia [100], and in the semiarid region of South Africa. There poor households are
trapped in a state of food insecurity and perpetual vulnerability because of poor asset
endowments and a lack of markets, and especially capital, which prevents the necessary
investment and the proper and productive use of assets [101,102].

With regard to the second quintile (Q2), an annual average of USD 3577.99 was
obtained, with a standard deviation of £624.30, which has been assigned to 33 individuals,
who represent 18% of the total of the 178 households surveyed. With regard to the third
quintile (Q3), an annual average of USD 6156.63 was obtained, with a standard deviation
of +£727.35, which represents around 11%. In terms of the fourth quintile (Q4), an annual
average of USD 8711.38 was obtained, with a standard deviation of £940.03, which is 8% of
the sample population, while, for the fifth quintile (QQ5), an annual average of USD 14,122
was obtained, with a standard deviation of +3115.40. In this quintile, there were nine of
the wealthiest individuals, who only represent around 5% of the total of 178 households
that were surveyed from the four communities that were studied in the provinces of
Chimborazo and Tungurahua in central Ecuador. This reflects an economic gap between
small dairy farmers, for which it is essential to identify the critical points on productive
sustainability [18]. To accomplish such a goal, we used methodologies such as RISE [103],
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Frequency

Frequency

Mean = 1174.26
N =103

50000

Mean = 6156.63
N=19

4500.00 5000.00

SAFA [104-107], or TAPE, where the environmental, social, economic, governance, health,
and nutrition dimensions are evaluated [108,109] in order to enhance the existing synergies
between producers. It is also essential to identify the hot spots of land use and cover
change [110,111], to strengthen sustainable intensification programs with tools such as
conservation psychology [112], and to prevent the advance of the livestock frontier.

Q1 Mean = 3577.99 Q2
N =33

[}
1000.00 1500.00 200000 250000 2500.00 3000.00 3500.00 4000.0 4500 00 5000.00

0
Cattle income Cattle income

Q3 Mean = 8711.38 . Q4
N =14

0
§500.00 6000.00 650000 700000 750000 ¥ 2000.00

Cattle income Cattle income

Mean = 14,122.48 Q5
N=9

Frequency

12.000.00 14.000.00 16.000.00

Cattle income

0
10.000.00

Figure 2. Total livestock income with respect to poverty quintiles in small ranchers in the Ecuado-

rian Andes.

The classification into quintiles (groups from lower to higher incomes) is an effective
tool since it could favor the implementation of policy strategies that are aimed at improving
livelihoods, and the implementation of actions to mitigate and adapt to climate change. In
this regard, according to Mujica et al. [93] and Luna [94], the use of quintiles facilitated the
implementation of development policies to address the inequalities that were caused by
COVID-19 in Latin America.

3.2. Inequity in Economic Income

The results of the Gini coefficient (0.52) and the Lorenz curve illustrate the income
inequality of small-scale cattle producers in the Ecuadorian Andes. In this area, it is
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demonstrated that the poorest 20% of the population only obtain 3.40% of the income,
while the 20% of the richest quintile obtain around 54% of the total income (Figure 3).

100%

Lorenz curve

Perfect equality line
80% - q y

Gini index = 0.52

60% -

40%

Cumulative population - households

20% 4

0%

0% 20% 40% 60% 80% 100%
Ql Q2 Q3 Q4 Qs

Cumulative rank of income - quintiles

Figure 3. Lorenz curve of income distribution among small-scale dairy farmers in the Ecuado-
rian Andes.

3.3. Income from Cattle Activity by Quintiles

The average total cattle income was obtained by adding the income from production,
the sale of milk, and consumption (milk) on the farm (Table 4). Between the quintiles, there
are significant differences. In the first quintile (Q1), an income of USD 1174.26 was obtained;
in the second quintile (Q2), USD 3577.99; in the third quintile (Q3), USD 6156.63; in the
fourth quintile (Q4), USD 8711.38; and in the fifth quintile (Q5), USD 14,122.48. Therefore, in
the first quintile (Q1), being the poorest, there is a lower average annual income compared
to the fifth quintile (QQ5), which represents the nonpoor.

Table 4. Means and standard deviations in USD of income from livestock activity by quintiles of
small livestock producers in Chimborazo and Tungurahua (2018).

Q1 Q2 Q3 Q4 Q5 A
Variables <20% 20-40% 40-60% 60-80% >80% ‘I’Jesf;ge Significance
UsD UsSD UsD UsSD UsD
Average total 1174.26 3577.99 6156.63 8711.38 14,122.48 3399.22 -
livestock income (595.98) (624.30) (727.35) (940.03) (3115.40) (3551.66)
Average
household size 3.54 3.18 3.47 2.93 3.56 3.42 ns
Average income
per 091 3.08 4.86 8.15 10.87 2.72 e
capita/daily
Poverty category Extremely poor Moderately poor Not so well-off M‘?\;Zﬁf)tfefﬂy Well-off Moderately poor
Sample 58% 18% 11% 8% 5% 100
percentage

Values in parentheses are the standard deviations of the means. *** p < 0.001; ns = not significantly different.

In the analysis of the household size, there are no significant differences, while the
average number of members per household was determined to range by three to four
members, and a general figure between the households of the quintiles, Q1 and Q5. A
similar scenario occurs in the Los Sainos microbasin, which is located in the municipality
of El Dovio (Colombia), where the livelihood strategy of rural households is the production
of cow’s milk, on the basis of grazing [113]. There, it has been stated that the household
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size is the most important determinant of the investment in labor for household farms, and
that it also influences the need to increase milk production for domestic consumption, as
well as for the free market [114].

The average income per capita/daily was obtained from the average total income from
the cattle divided by the size of the household, and during the whole year. The resulting
values present a significant difference between the quintiles, where the daily values were
USD 0.91 in the first quintile (Q1), with increases of USD 2.17, USD 3.95, USD 7.24, and
USD 9.96, which were distributed between the quintiles, Q1 to Q5, respectively. In the
Andes region, it has been identified that the poorest households that are dedicated to
milk production serve as assets for investments and sources of savings for household
consumption [115]. In rural areas of the departments of Puno and Cajamarca in Peru,
cattle ranching has been demonstrated to be an effective strategy to reduce or to escape
poverty [116].

Furthermore, the category, according to the INEC [96], that belongs to the surveyed
individuals was analyzed, where the first quintile (Q1) corresponds to the category of the
extremely poor grouping of the largest number of cattle-raising households, while the
second quintile to the fifth quintile were defined as moderately poor (Q2), not so well-off
(Q3), moderately well-off (Q4), and well-off (Q5). Finally, the percentage of the sample that
corresponds to each quintile was calculated, where, in the first quintile (Q1), it corresponds
to 58%; in the second quintile (Q2), to 18%; in the third quintile (Q3), to 11%; in the fourth
quintile (Q4), to 8%; and in the fifth quintile (Q1), to only 5%. There is scientific evidence
that households that live in extreme poverty have few opportunities for productive work,
little access to land that is suitable for agricultural and livestock use, erosion and progressive
degradation, and their location in a fragile ecosystem, as represented by the paramo [117].
Consequently, these populations suffer not only from poverty, but also from food insecurity,
despite the fact that they apparently have the natural resources that are necessary for their
subsistence [118]. Finally, some rural households respond to the income shock by migrating
to seek work in nonagricultural sectors [119].

3.4. Characterization of Rural Livelihoods by Quintiles

In the following section, the characterization of rural livelihoods is indicated by
using the theory of capitals, which includes the variable of the human, social, natural,
financial, and physical capitals in small-scale cattle producers in the given study area of the
Ecuadorian Andes.

3.4.1. Human and Social Capital

In relation to the ethnic variable, there are some significant differences. It was identified
that out of all of the ranchers that were surveyed in the first quintile (Q1), 78.6% of
them were of Kichwa nationality, and the residual 21.4% were Mestizos, while, in the
quintiles (Q2), (Q3), and (Q4), there were less Kichwa and more Mestizos, which is in
contrast to the fifth quintile (Q5), where all 100% were of Mestizo origin. In general, there
were 11.2% more indigenous Kichwa than mestizo milk producers (Table 5). The results
reaffirm the theory that social, productive, and labor inequalities will prevent the end of
the poverty of indigenous peoples. Additionally, they could cause migration processes
of indigenous women and men outside of their traditional territories, which, in some
cases, can lead to work in the formal economy [120]. Furthermore, in order to face greater
occasional dependency, they work in agriculture, construction, domestic work, or informal
commerce [121], where they obtain their livelihoods, which is also the result of the lack of
opportunities in the formal economy [122].

In terms of the gender of the head of the household, and referring to all the quintiles
evaluated, it was evidenced that men predominate, with 70.8%, which could be a con-
straint to local holistic development, since it has been proven that rural women (heads
of household) play a key role in the promotion of pro-environmental behaviors in rural
production [123]. Several investigations have indicated the special bond between women
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and the environment [120-124]. Early notions of women and the environment are primar-
ily reflected in the ecofeminism theory from the 1980s, which suggests that women are
especially “close to nature” in a spiritual or conceptual sense [125]. Furthermore, some
scholars suggest that women are imbued with a stronger ethical approach to environmental
survival, which is fundamentally different from that of men [126]. Consequently, women
are more likely to protect natural resources for the continued survival of their families [127].

Table 5. Averages of the main variables that represent human and social capital in small livestock
producers in Chimborazo and Tungurahua, the Ecuadorian Andes.

Quintiles
Variables Average Significance
Q1 Q2 Q3 Q4 Q5
.. Kichwa % 78.6 39.4 15.8 14.3 - 55.6
Ethnicity Mestizo % 214 60.6 84.2 85.7 100 444 -
Man % 76.7 66.7 52.6 64.3 66.7 70.8 ns
Gender of household head e 9 233 333 474 357 333 292
Age of household head (years) 42.0 459 419 47.5 36.8 429 ns
Basic % 56.3 54.5 579 50.0 77.8 56.7
Education of household Medium % 194 18.2 21.1 28.6 11.1 19.7 ns
head (years) College % 5.8 30 5.3 - 111 5.1
None % 18.4 242 15.8 214 - 18.5
Generational Replacement Yes % 72.8 81.8 89.5 714 88.9 77.0 ns
No % 27.2 18.2 10.5 214 11.1 225
Belongs to an association Yes % 38.8 57.6 789 714 55.6 50.0 -
No % 61.2 424 21.1 286 444 50.0

*** p < 0.001; ns = not significantly different.

With regard to the age of the head of household, it was determined that in the first
quintile (Q1) and the third quintile (Q3), there is an average age of 42 years, and the fifth
quintile (Q5) reveals a younger age (37 years), while the fourth quintile (Q4) yields a higher
age (48 years), among the groups that were evaluated. The average age of the heads
of households is about 43 years. In terms of the education of the heads of households
(that is, the degree of educational instruction that he has received), we encountered that
from the first quintile (Q1) to the fifth quintile (Q5), the majority of household heads have
basic education, followed by secondary education, and the third level is the denomination
of “none” (that is, they have no level of study). It is determined that the level of study
or the educational system is extremely limited in its powers to reduce poverty and to
increase intergenerational social mobility [128]. The standard policy formula—expanding
access to education, increasing social mobility, and reducing poverty—does not stand
up to close scrutiny, and it may have unintended consequences that serve to undermine
the stated purpose of educational reform. This does not mean that education is a wasted
investment [129], or that it is simply an institutional instrument for social reproduction [130].
However, it does mean that education must be studied as an integral part of a more
holistic and contextual theory that recognizes educational reform as a “complementary
condition” [131] for increasing social justice and individual well-being.

On the other hand, among the determined quintiles, there is a difference of 54.5%
of milk producers who have a replacement generation, which indicates that more than
half of the ranchers will have continuity with the agro-livestock practices of the area. In
addition, in terms of the associativity, there are significant differences between the quintiles,
where it is evident that 50% between the quintiles belong to an association. Several studies
have indicated that belonging to productive associations has been effective at alleviating
rural poverty [132]. To date, extensive research has identified the different mechanisms
through which the associations are able to contribute to poverty alleviation for farmers.
For example, associations can increase the efficiency and productivity of on-farm processes
through the acquisition of shared inputs and machinery [133,134], which can improve the
bargaining power of farmers and facilitate their access to broader markets [133,135-137].
They can also link farmers with supply-chain actors and mitigate gender issues [138-140],
and they are able to support knowledge building, as well as the creation of social capital at
the local level [141].
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3.4.2. Natural Capital

There is a significant difference between the groups of producers from Q1 to Q5 of
4.63 ha and 4.18 ha in the farm area and the pasture area, respectively (Table 6). Similar
scenarios with regard to the livestock production in the highlands of Peru are largely based
on pasture grazing, which is supplemented with crop residues, and particularly stubble,
or agricultural byproducts and, in certain cases, with improved foraging resources. Thus,
grasslands, with native grass species constitute the main food resource of mixed farming
systems with ruminant species [142]. Small-scale pastoralist dairy farming in Zambia plays
an important role in poverty reduction, employment opportunities, wealth creation, and
household food, as well as in nutrition security [143].

Table 6. Means and standard deviations of the main variables that represent natural capital in small
livestock producers in Chimborazo and Tungurahua in 2018.

Quintiles
Variables Average Significance
Q1 Q2 Q3 Q4 Q5
Total farm area (ha) 2.37 (2.12) 2.79 (1.99) 3.08 (1.65) 3.82(1.49) 7.00 (5.07) 2.87 (2.45) ok
Pasture area (ha) 1.60 (1.52) 2.45 (1.65) 2.63 (1.38) 3.68 (1.51) 5.78 (2.99) 2.24 (1.91) i
Cultivation area (ha) 0.77 (1.08) 0.33 (0.77) 0.45 (0.52) 0.14 (0.36) 1.22 (2.64) 0.63 (1.09) ns

Values in parentheses are the standard deviations of the means. *** p < 0.001; ns = not significantly different.

3.4.3. Physical and Financial Capital

There are substantial differences in the “total cows” variable in the per capita pro-
duction, where the values ranged from 2 in Q1 to 8 in Q5, which is a similar scenario as
in Kilosa, Tanzania, where cattle contribute heavily to household livelihoods and food
security, but fodder scarcity is a limiting factor [144]. In addition, it was identified that
the producers in Q1 use 14.3% more water than the producers in Q5, and that only the
producers that belong to Q3 have cement as the floor for milking. With regard to who
performs the milking, it was identified that women predominate in this activity, and that
they do not receive any economic bonuses at all, in all of the quintiles (Table 7).

Table 7. Averages of the main variables that represent physical and financial capital in small livestock
producers in Chimborazo and Tungurahua in 2018.

Quintiles o
Variables Average Significance
Q1 Q2 Q3 Q4 Q5
Total cows in
production per Cow unit 1.93 3.12 411 493 8.44 2.95 o
household

Milking water Yes % 69.9 81.8 78.9 421 55.6 70.2
& No % 30.1 18.2 21.1 57.9 444 29.8
Earth % 97.1 100 84.2 100 100 96.3

Milking-floor type Cement% - - 10.5 - - 2.1 ns
Lack of % 2.9 - 53 - - 1.6
Al drums % 11.7 27.3 26.3 50.0 33.3 20.2

Milk . Aluminum drums % 64.1 60.6 68.4 14.3 444 59.0 ns
ilkc container Plastic tanks % 9.7 3.0 53 35.7 11.1 10.1
Others 14.6 9.1 - - 11.1 10.7
. Man % 214 9.1 15.8 14.3 - 16.9

‘n/‘fﬁf(’i;eahzes the Women % 73.8 87.9 73.7 85.7 100 78.7 ns
8 Both % 49 3.0 10.5 - - 45

Recei b Yes % 41.7 30.3 26.3 28.6 11.1 354 ns
ecelves bonus No% 58.3 69.7 73.7 714 88.9 64.6

*** p < 0.001; ns = not significantly different.
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3.5. Perception of Climate Change and Readiness to Accept Adaptation as Well as
Mitigation Measures

With regard to the variables of the perception of climate change, there is evidence of
heterogeneity in the responses (Table 8). It is fundamental to consider that the perception
of climate change is a complex process that encompasses a variety of psychological con-
structs, such as the knowledge, beliefs, attitudes, and concerns about whether and how
the climate is changing [145]. Perception is influenced and shaped by, among other things,
the characteristics of individuals, their experiences, the information they receive, and the
cultural and geographic contexts in which they live [145,146]. Therefore, measuring the
perception of climate change, and trying to find its determinants, is a rather complex task.

Table 8. Averages of the main variables related to climate change and willingness to accept mitigation
and adaptation actions in small livestock producers in Chimborazo and Tungurahua, 2018.

Quintiles L
Variables Average Significance
Q1 Q2 Q3 Q4 Q5
Yes % 27.2 25.0 31.6 429 44.4 29.4
Understanding about climate change. No % 70.9 68.8 68.4 50.0 55.6 67.8 ns
Some % 1.9 6.2 - 7.1 - 2.8
Yes, a lot % 26.2 33.3 31.6 64.3 55.6 32.6
Does the weather change in vour area? Yes, a little % 44.7 27.3 42.1 7.1 33.3 37.6 ns
geiny ‘ No % 9.7 152 158 - - 101
Unsure % 19.4 24.2 10.5 28.6 11 19.7
Willingness to receive climate-change training Yes % 81.6 848 789 100 100 843
' No % 18.4 15.2 21.1 - - 15.7 ns
Willingness to adopt appropriate Yes % 80.6 66.7 474 429 44.4 69.7
cattle-management practices. No % 19.4 333 52.6 57.1 55.6 30.3 ns
Access to climatological information, Yes % 10.7 15.2 158 286 22 14.0
’ No % 89.3 84.8 84.2 71.4 77.8 86.0 ns
In the last ten years, have you adopted adaptive Yes % 5.8 121 — 14.3 111 7.3
actions to climate change? No % 94.2 87.9 100 85.7 88.9 927 ns
Willingness to invest labor and materials to adopt Yes % 84.5 84.8 579 64.3 66.7 79.2
actions adapting to climate change. No % 15.5 15.2 421 35.7 333 20.8 ot

*** p < 0.001; ns = not significantly different.

The producers of Q1 are those who least understand climate change, in general terms,
while, in most of the quintiles that were evaluated, they do not understand climate change.
This is worrying since it has been revealed that knowledge about climate change is a
critical determinant of the behavior of rural producers, especially in order to achieve
adaptation strategies [147,148]. In addition, in the Ecuadorian Andes, there is a lack of
thinking in terms of planning in the face of the existing and future scenarios of climate
change [149-151], considering that the increase in temperatures, the retreat of glaciers, and
changes in the frequency and intensity of precipitation and frost have been documented
in the Andean highlands over the past thirty years [152-156], which has coincided with
greater uncertainty and the exposure to multiple climatic stresses in the northern highlands
of Bolivia [157]. This coincides with the results of a changing climate in the study area,
where the producers from Q1 to Q5 responded more frequently to the option “Yes a little”.

Adapting to climate change requires a change in people’s behavior, knowledge, and
abilities in order to help build their resilience. Typically, such learning is facilitated through
informal and formal institutions [158]. It has been demonstrated that rural farmers in the
Peruvian Andes achieved significantly greater knowledge of integrated pest-management
practices in the face of a changing climate than those in the comparison group of nonpartici-
pants, and, consequently, significantly improved field productivity [159], in such a way that
similar results would be expected with the producers belonging to Q1 to Q5. This occurs
since most of them are willing to receive training on climate change. As a consequence,
there would be an increase in the awareness about the best local adaptations available that
can be used to manage climate risks [160], while, at the same time, this would allow for the
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avoidance of maladaptation under a changing climate and, thus, of rebound vulnerability,
shifting vulnerability, and the erosion of sustainable development [161,162].

The management of good livestock practices leads to optimal productivity results,
which increases the profits of the livestock producer and improves the quality of life of the
peasant family under a changing climate [163]. This is presented as an optimal scenario for
producers who expect to conduct good livestock practices to face climate change (Table 7).
There is a total average of 30% who are distributed among the quintiles of poverty, and
who lack the desire to perform good livestock practices, which may be related to the low
levels of education of the population studied and the age of the head of the household
(Table 4).

Among climate-smart approaches, climate information services (CIS) remain a cred-
ible option to increase productivity and to avoid losses in the agricultural and livestock
sectors [164]. CIS refers to the production, translation, transfer, and use of scientific infor-
mation for decision making [165,166]. It was identified that the access to and use of climate
information helped Senegalese producers to formulate tactical decisions before, during,
and after the agricultural and livestock management seasons [167]. Therefore, it is essen-
tial to provide CIS to the assessed farmers, as 86% of the producers among the quintiles
lacked access to climate information, and as there is no significant difference between the
producers from Q1 to Q5. Therefore, the same adoption strategy may be considered.

In the variable “willingness to invest labor and materials to adopt actions adapting to
climate change”, there is a significant difference between the quintiles, despite the fact that
most answered affirmatively, with an average value of 79.2%. In this respect, farmers are
willing to invest in household labor and farm materials in order to follow adaptation and
mitigation actions if they receive support and training in this matter. These findings are
important for the design of local adaptation and mitigation actions, such as those conducted
in the Chilean and northern Ecuadorian Andes [168-170].

4. Conclusions

The quintiles were determined on the basis of the total income of the livestock activity
of a sample of 178, being the total number of the surveyed households, where there are
103 households in the first quintile (Q1), which represents 58%; 33 households representing
18% in the second quintile; 19 households representing 11% in the third quintile (Q3);
14 households representing 8% in the fourth quintile (Q4); and 9 households representing
5% in the fifth quintile (Q5).

Through an analysis by quintiles, it was determined that the households that are part
of Q1 are most of the inhabitants in the entire sample (58%), who obtain an average per
capita/daily income of USD 0.91. Therefore, they are the households that are categorized in
“extreme poverty” by the Ecuadorian INEC. In this category, the largest number are of the
Kichwa ethnic group (78%), where 61% of these families do not belong to any association
of producers. In addition, 70% of these households mentioned a lack of any knowledge
about climate change.

In Q5, they are the most economically well-off, earning an average of USD 14,122.48
per year, which represents an average per capita/daily income of USD 10.87. Therefore, they
are the households that are categorized as “well-off”. However, only 5% of the households
in the entire sample fall into this category.

With regard to climate change, in the entire study area, only 29% of the population
were aware of climate change, while Q4 and Q5 included the ones who understand climate
change the most, and those who have realized that the climate is changing. The entire
number of households in this quintile were willing to receive training on climate change.
About 70% of the entire population of the study area was willing to adopt appropriate
cattle-management actions that are adapted to the climate, and around 80% are willing to
invest labor and materials from the farm to implement adaptation and mitigation actions if
they receive support and training on climate change. Finally, the study suggests that the
quintile classification in groups that ranges from lower to higher incomes favors a more
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effective implementation of development policies at the local level in high-poverty areas
that are located in fragile ecosystems.
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