
Reducing carbon emission in the
goat farms by switching from
conventional goat farming to
green goat farm typology

Selime Canan*

Department of Agricultural Economics, Faculty of Agriculture, Ondokuzmayıs University, Samsun, Türkiye

The carbon footprint of goat farms associated with the management type and the
income sacrifice to switch to green goat farms are still not precise in the literature.
Therefore, the objectives of this study were 1) to assess the environmental impacts
of goat farming associated withmanagement typology in Türkiye and 2) to explore
the link between farm-level income sacrifice and the amount of greenhouse gas
(GHG) reduction. Goat farm-level data were collected from randomly selected
284 goat farms through a questionnaire. Environmental impacts of goat farming
associated with the management typology were examined using the life cycle
assessment (LCA). The GHG emissions were calculated both for the whole goat
farm associated with the management type and for individual goat products such
as milk, meat, mohair, and replacement. The research results showed that Turkish
goat farms emitted GHG emissions for the production of per kg of meat, milk, and
mohair by 9.85 kg CO2-eq, 8 kg CO2-eq, and 0.28 kg CO2-eq, respectively. Goat
farms in management type 1 emitted the highest GHG emission in a year, while
that of goat farms in type 5 was the lowest. The research results also showed that
the environmental impact and farm-level income sacrifice per kg GHG emission
reduction to reach the level of environmentally friendly goat farms varied
according to the management type of goat farms. Typical Turkish goat farms
gained agricultural income by 2.47 USD per kg of GHG emission. The amount of
agricultural income gained per kg GHG emission varied according to typology.
Based on the research results, typical Turkish goat farms faced with an income
sacrifice of 2.85 USD per kg GHG emission reduction to reach the level of
environmentally friendly goat farms having minimum GHG emission in a year.
Turkish goat farms emitted 0.49 kg CO2-eq per USD of agricultural production
expenses. The study suggests switching from a conventional management type to
environmentally friendly management type goat farms. Facilitating the
accessibility of financial resources may enhance the switching process through
benefiting investments in infrastructure, equipment, and research and
development. Creating resource-efficient and environmentally friendly goat
farms by subsidizing the goat farms may decrease GHG emissions.
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1 Introduction

Carbon emissions occurring through various production processes
are the most important problem of mankind. The agricultural and
livestock industries are sources of carbon emissions, leading to climate
change (Cerri e al., 2016; Ibidhi and Calsamiglia, 2020; Abbas et al.,
2022a; Elahi et al., 2022a; Abbas et al., 2022b; Elahi et al., 2022b; Türkten
et al., 2023). Elahi et al. (2022a) focused on agricultural emission and
elicited the farmers’ intention and willingness to install renewable
energy technology to reduce the environmental emissions of
agriculture. Some authors focused on farm-level carbon emission
generation by the crop type. Abbas et al. (2022a) conducted farm-
level sensitivity analysis of greenhouse emission for grains and other
cash crops. Similarly, Abbas et al. (2022b) assessed the greenhouse
emission for cotton by using farm-level energy analysis. Accurate
evaluation of the interaction of plant and animal production
processes with climate change is of great importance for the
sustainability of food systems. The supply chain, which extends
from production to consumption of animal products, is significantly
affected by climate change (Godde et al., 2020). The interaction of small
livestock farming, especially goat farming, with climate change is of
particular importance. There has been a mutual interaction between
goat production and climate change. On one hand, goat production is
affected by stress factors sourced mainly by climate changes such as
extreme environmental conditions and heat stress. Extreme
environmental conditions affect the accessibility of goat farmers to
appropriate pastures (Marino et al., 2015). Heat stress can negatively
affect milk yield and the contents of total protein, casein, and fat of milk
in goats (Sevi et al., 2001; Hamzaoui et al., 2012; Salama et al., 2014).
Marino et al. (2015) emphasized that even if the goat was a heat-tolerant
species, climate change and other stress factors result in the impairment
of production and reproduction performance. On the other hand, goat
production also affects the climate change by contributing to the
greenhouse gas (GHG) emission. The GHG emissions emitted by
goat farms mostly (85%) stem from the release of methane (CH4)
and carbon dioxide feed (Gerber et al., 2013). The issue of balancing the
mutual interaction is crucial for sustainable goat product supply chains
due to the importance of edible and non-edible goat products in human
nutrition. The global goat number is more than 100 million heads,
which is expected to increase by 1.7% per year. Türkiye ranks 23rd in
world and 1st among the European Union (EU) countries in terms of
goat numbers. Türkiye constituted 1% of the world’s total goat numbers
and 48% of the total number of goats in EU countries (28). It is clear
from the aforementioned statistics that goats seriously emit GHG.
Therefore, understanding the relationship between goat farming and
climate change is vital for the stakeholders of the goat industry, and it
has a top rank in the policymakers’ agenda.

To date, some previous studies have focused on measuring the
GHG emission of goat meat and milk by using the life cycle
assessment (LCA). Opio et al. (2013) stated that goat farms
emitted 23.5 kg of emissions of CO2-eq per kg of meat and
5.2 kg of emissions of CO2-eq per kg of milk. Robertson et al.
(2015) measured the GHG emission from the cradle to the farm gate
for fat and protein-corrected goat milk and found that the carbon
footprint was between 0.84 and 1.03 kg CO2-eq. On the other hand,
several previous studies have focused on mitigation strategies such
as feeding strategies, benefiting rumen modifiers, and selecting the
appropriate animal breed for reducing enteric methane and GHG

emissions (Dohme et al., 2000; Bhatta et al., 2009; Patra and Saxena,
2010; Ripoll-Bosch et al., 2013; Nagpal et al., 2015; Vagnoni et al.,
2015). However, all previous studies ignored the effects of the
management system of the goat farm. In general, goat farms tend
to combine the production of milk andmeat or live weight with non-
edible products such as mohair worldwide. Non-edible products of
goats, such as mohair, have an important share in the total GHG
emission generated by goat farms. Gerber et al. (2013) highlighted
that a substantial share of emissions can be attributed to non-edible
products of small ruminants, such as wool, cashmere, and mohair,
reducing the share of emissions attributed to milk and meat
production (Gerber et al., 2013). Similarly, previous studies
focusing on mitigation strategies for reducing GHG emissions in
goat farms ignored the typological differences among the goat farms
and built mitigation strategies based on the carbon footprint per kg
of milk or meat. Measuring the carbon footprint independently per
kg of milk and meat rather than focusing on the carbon footprint of
goat farms associated with typology caused a bias when designing
and implementing mitigation strategies.

The estimation of the environmental impacts of goat farming based
on the management typology has rarely been studied. Robertson et al.
(2015) assessed the carbon footprint of indoor and outdoor dairy goat
farming systems from the cradle to the farm gate. Gutiérrez-Peña et al.
(2019) compared the three goat farming systems based on grazing levels
when assessing the carbon footprint of dairy goat production in
southern Spain. Salcedo et al. (2022) examined the GHG emission
for different management aspects. However, the carbon footprint of
goat farms associated with the management type and the income
sacrifice to switch to green goat farms are still not precise in the
literature. The aforementioned gaps in the literature motivated the
current research. This study intended to answer the research questions
of “Does GHG emissions vary depending on the goat farm
management type?” and “What are the goat farm-level income
sacrifices to minimize GHG emissions?” To answer these questions,
the objectives of this study were 1) to assess the environmental impacts
of goat farming associatedwithmanagement typology in Türkiye and 2)
to explore the link between farm-level income sacrifice and the amount
of GHG emission reduction.

2 Materials and methods

2.1 Research data

Goat farming is conducted in 3 regions, 5 provinces, and
32 districts of Türkiye. The Mediterranean region, Southeastern
Anatolia region, and Central Anatolia region were selected as the
study areas due to constituting 68% of the total goat population in
Türkiye. The Mediterranean region is characterized by a semi-
intensive production system, while the goat farms in the
Southeastern Anatolia region mainly have an extensive
production system. The Central Anatolia region is characterized
by an intensive production system (TSI, 2021). Ankara, Antalya,
Diyarbakir, Konya, and Mersin were the top provinces in terms of
goat farming. Therefore, the research covered all active goat farms
conducting their activities in Ankara, Antalya, Diyarbakir, Konya,
and Mersin provinces of Türkiye (Figure 1). The optimum sample
size was calculated by using a random sampling procedure based on
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the sampling criteria of the goat number of the farm, with 95%
confidence level and a precision level of 10%. Goat farm-level data
were collected from randomly selected 284 goat farms through a
well-structured questionnaire. The number of respondents in
Ankara, Antalya, Diyarbakir, Konya, and Mersin were 50, 62, 42,
65, and 65, respectively. When deciding which goat farm to conduct
a survey with during the field study, random numbers were used
among the goat farms in the framework list. Questionnaires were
administered to operators of goat farms, considering the production
year 2020–2021.

2.2 Management typologies of goat farms

Management typologies of goat farms characterized by Canan et al.
(2022), which is based on the site-specific classification method
considering the characteristics of 284 goat farms, were adopted in

this study, when examining the link between the goat farm typology and
sustainability. Thirty-one validated final indicators were used in the four
distinct groups, namely, productive, socio-economic, flock
management, and self-sufficiency. Six different goat farm
management typologies were considered in this study (Table 1).
Here, 17% of the sample goat farms were members of type 1, which
was called extensive traditional replacement farms with low input.
Replacement breeding was themain activity of these types of goat farms
characterized by a large flock size, on average 343 animals, low family
labor, and the highest use of labor per animal unit. In this cluster, 10%of
the goat farms raised goats for milk purposes. The second goat farm
typology was semi-intensive multi-purpose farms with the lowest
livestock income ratio and large land that generate their income
from the sale of meat, milk, and livestock. Nearly 6% of the sample
goat farms were assigned to type 2. They generated their income from
the sale of meat, milk, and livestock. This cluster has the lowest
reproductive efficiency. Type 3 comprised intensive replacement

FIGURE 1
Research area.

TABLE 1 Management typologies of goat farms.

Variable Type 1 (N = 47) Type 2
(N = 18)

Type 3 (N = 22) Type 4
(N = 93)

Type 5 (N = 92) Type 6 (N = 12)

Goat farm focus Replacement and
dairy

Multi-purpose Replacement Dairy Mohair and
replacement

Replacement

Animal sizea Large Large Small Large Small Large

Flock sizeb Large Large Small Large Small Small

Family labor Low Low High Low High Low

Family labor/animal unit High Low Low Low High High

Land area Large Large Small Small Small —

Fertility (kid/goat) Low Low High High High Low

Livestock income/agricultural
income

Moderate Moderate Nearly all Nearly all All All

aIt refers to the number of goats owned by the farm.
bIt refers to the animal unit of the farm (goat coefficient is 0.08, and kid coefficient is 0.04 in one unit).
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farms with the highest family labor and fertility. Goat farms focused on
the dairy with the lowest amount of labor per animal unit (type 4) were
the most common typology in Türkiye. Approximately 33% of the
sample goat farms fell into this typology group. Sample goat farms
included in type 5 were goat farms focused on mohair production with
replacement breeding, and they constituted 32% of sample goat farms.
Type 6 was named semi-intensive replacement farms with the smallest
flock size, with no land allocated to other activities, and 4% of sample
goat farms were included in this group.

2.3 Assessing the environmental impacts of
goat farms

Environmental impacts of goat farming associated with the
management typology were examined by using LCA due to the
study comparing the carbon emission of different goat products
such as milk, meat, and mohair throughout the life cycle and
attributed to goat farm-level carbon emissions. The LCA is a
quantitative analysis method that encompasses all pertinent
processes across the complete life cycle of a product or production
process, as outlined by Heijungs et al. (1992), FAO (2011), and the
European Environmental Agency (2015). This methodology establishes
a standardized framework for assessing the environmental impact of
production processes. Some previous studies examined the
environmental impacts of the production of edible and non-edible
products of small ruminants (Weiler et al., 2014; Cabral et al., 2020;

Mancilla-Leyton et al., 2021). LCA was performed by following the
stages of goal and scope definition, inventory analysis, impact analysis,
and interpretation. Based on the guidelines and prerequisites outlined
by IPCC (2006), this study utilized the LCA approach with a specific
focus on small ruminant farms. The functional unit of milk, meat,
mohair, and replacement was liter, kg, kg, and animal unit, respectively.
Additional farm-level data for defining the goat farming activities
(energy consumption, bedding material, productivity and
replacement rates, etc.) collected from typical dairy goat farms were
used to create a model. The configuration of processes and the scope of
the analysis are shown in Figure 2, with the system boundary delineated
from the cradle to the farm gate.

There are two important sources of methane generation from
goat farming, one being enteric fermentation during digestion and
the other being the management of manure as a result of digestion.
Tier 1-level analysis was performed to calculate the carbon footprint
of manure management and enteric fermentation (IPCC, 2006).
Methane emissions (Gg CH4/year) were calculated as follows:

Methane Emissions CH₄( ) � ∑
T

EFT*NT( )
106

,

where EFT is the emission factor (kg CH4 per head/year), NT is the
number of heads of livestock species/category T in the country, and
T is the species/category of livestock.

The emission factor was used in the measurement of carbon
footprint generated from manure management. The methane
emission factor reported for goats by IPCC (2006) was adopted

FIGURE 2
System boundaries of the goat farming systems in LCA analysis.
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(Table 2). The carbon emission factor generated from enteric
fermentation of goats was 5 kg CH4/year per head. The
equivalence factor was 25 for the conversion of GHG emission
calculated as CH4 into CO2.

Emissions generated fromwater, electricity, coal, fuel, chemicals,
and machinery production used in activities such as fertilization,
spraying, soil preparation, harvesting, transportation, and irrigation
in the feed production process were included in the environmental
impact analysis (Table 3). Whether it is produced on goat farms or
purchased outside the farm, GHG sourced from feed use was
calculated for all goat farms using the corresponding coefficient.
In addition, input use in the production stage was included.
Emissions generated from water, electricity, coal, fuel, chemicals,
and machinery production used in activities such as heating,
ventilation, lighting, irrigation, manure plowing, and
transportation used in the livestock process were also calculated.

The total GHG emissions were calculated for the whole goat
farm, and then, the GHG emissions falling into the product type
such as meat, milk, and mohair were distributed based on their share
in the total production value. The GHG emissions per product type
were divided by the total production amount, and the GHG
emissions per production unit were calculated.

2.4 Exploring the link between farm-level
income sacrifice and GHG emission
reduction

The assessed GHG emission associated with the typology and
goat farm income calculated based on the results of economic

analysis were used when exploring the link between farm-level
income sacrifice and GHG reduction. Since the only way to
attribute the income sacrifice to reduce carbon emission is setting
the ceteris paribus conditions among goat farms, we prefer to
determine the socio-economically similar goat farms before
comparing them. Before calculating the farm-level income
sacrifice per kilogram of GHG reduction, similar goat farms in
different typologies were determined by using cluster analysis in
order to create ceteris paribus conditions. Then, the GHG difference
among goat farms was attributed to typologies. The assessed GHG
emission associated with the typology and goat farm-level income
calculated based on the results of economic analysis were used when
exploring the link between farm-level income sacrifice and GHG
reduction. Before calculating the farm-level income sacrifice per
kilogram of GHG reduction, similar goat farms in different
typologies were determined by using cluster analysis in order to
create ceteris paribus conditions. The variables of the operator
profile, return on asset, and flock size were used in cluster
analysis when determining similar goat farms having the same
operator profile, return on asset, and flock size except for
management typologies. Then, the difference between GHG
emissions emitted during goat farming among goat farms was
attributed to management typologies. Then, differences between
the incomes of the best and selected similar goat farms in terms of
GHG emission were divided by the amount of corresponding GHG
emission reduction by switching to an environmentally friendly
management typology to calculate farm-level income sacrifice per
kilogram of GHG reduction. Goat farms having the least GHG
emission in a year during goat farming among similar goat farms
defined the environmentally friendly management typology.

TABLE 2 Manure management methane emission factors for goats associated with temperature.

CH4 emission factor by average annual temperature (°C)

Cool (<15°C) Temperate (15°C–25°C) Warm (>25°C)

Developed countries 0.13 0.20 0.26

Developing countries 0.11 0.17 0.22

TABLE 3 Emission factor coefficients used in the study.

Input Unit GHG coefficient (kg CO2-eq) Reference

Machinery MJ 0.07 Dyer and Desjardins (2006)

Diesel fuel L 2.76 Dyer and Desjardins (2003) and Jacobsen et al. (2014)

Coal kg 2.86 Hong and Slatick (1994) and Jacobsen et al. (2014)

Nitrogen (N) kg 1.30 Lal (2004)

Phosphorus (P2O5) kg 0.20 Lal (2004)

Herbicide kg 6.30 Lal (2004)

Insecticide kg 5.10 Lal (2004)

Fungicide kg 3.90 Lal (2004)

Irrigation water m3 0.68 Mehmood at el. (2021)

Electricity kwh 0.71 Jacobsen et al. (2014) and EPA (2019)
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3 Results and discussion

3.1 Farm attributes

Based on the research results, the age of operators varied across
typologies. The operators of goat farms in type 2 were the oldest,
followed by the operators of goat farms in type 6. The operators of
goat farms included in type 4 were the youngest. The operators in type
2 had more goat farming experience than others, indicating that the
operators of semi-intensive multi-purpose and semi-intensive
replacement goat farms had more goat farming experience.
Regarding the education level of goat farm operators, farm
operators of goat farms included in type 2 had the highest
education level, while that of operators in type 5 was the lowest.
Goat farms included in type 3 required the highest average family
labor due to the presence of labor-intensive practices. On contrary,
goat farms in types 1 and 2 required lower family labor, and it depends
on their extensive traditional and semi-intensive nature (Table 4).

Goat farms in types 1 and 4 had the largest flock size among the
typologies, while that of goat farms in type 3 was the smallest. It can

be tied with the intensive replacement focus of these farms. Goat
farms in type 2 had the largest farmland size due to their semi-
intensive and multi-purpose nature. Interestingly, goat farms in type
6 had no farmland. Regarding the income and financial performance
of goat farms, it was clear based on the research results that goat
farms in types 4 and 5 had the highest return on asset, while those of
types 6 and 3 were the lowest. Although goat farms in type 2 had the
highest average asset value per head, they ranked 3rd among the
typologies in terms of profitability. The level of debt of sample goat
farms was very low (Table 4).

3.2 Goat farm-level GHG emissions by
management type

The research results showed that goat farms in type 1 emitted the
highest GHG emission in a year, while that of goat farms in type
5 was the lowest. Concentrated feed crops contributed significantly
to overall GHG emissions in all typologies. The contribution of
machinery, electricity, and water to GHG emissions was relatively

TABLE 4 Socioeconomic characteristics of goat farms according to typologiesa.

Type 1
(N = 47)

Type 2
(N = 18)

Type 3
(N = 22)

Type 4
(N = 93)

Type 5
(N = 92)

Type 6
(N = 12)

Türkiye
(N = 284)

Age of the farmer (year) 47.10 50.90 47.20 43.70 48.00 50.80 47.90

Education of the farmer (year) 5.55 6.50 5.81 5.96 5.05 4.83 5.57

Goat farming experience (year) 26.45 31.61 29.13 27.17 28.69 31.50 28.18

Family labor force (MLU) 1.76 1.77 2.09 1.90 2.03 1.85 1.90

Flock size (AU) 67.00 58.00 27.00 36.00 25.00 26.00 37.00

Farm size (ha) 72.70 175.40 16.50 17.30 6.10 — 48.00

Asset (thousands of USD/AU) 219.53 464.44 96.42 99.43 75.46 52.29 167.93

Net farm income (thousands of
USD/AU)

6.28 7.62 0.96 10.17 5.56 0.52 5.19

Solvency (debt/asset) 0.03 0.02 0.07 0.07 0.07 0.04 0.06

Yield milk (liter/goat) 0.89 0.43 — — 0.51 — 0.53

Yield meat (kg/goat) — 27.66 — — — — 29.80

Yield stock breeding (AU/AU) 0.14 — 0.15 — 0.15 0.23 0.18

Yield mohair (kg/goat) — — — — 1.98 — 1.80

Price of milk (USD/L) 0.50 0.50 — — 0.45 — 0.48

Price of meat (USD/kg) — 2.66 — — — — 2.64

Price of stock breeding
(USD/AU)

949.14 — 1,070.57 — 922.39 855.80 980.53

Price of mohair (USD/AU) — — — — 5.66 — 5.57

Milk cost (USD/L) 0.67 0.50 — — 0.67 — 0.59

Meat cost (USD/kg) — 8.56 — — — — 4.49

Stock breeding cost (USD/AU) 509.15 — 596.75 — 201.87 184.62 439.93

Mohair cost (kg/AU) 32.78 20.74 3.90 14.05 8.70 6.34 16.98

a*, **, and *** show that the difference between management types for the related variable is statistically significant at 10, 5, and 1% probability levels, respectively. Turkish Lira was converted to

USD based on the average exchange rate in 2022.
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TABLE 5 Distribution of the carbon footprint in goat farms by management types.

Type 1 (n = 47) Type 2 (n = 18) Type 3 (n = 22) Type 4 (n = 93) Type 5 (n = 92) Type 6 (n = 12) Türkiye (N = 284)

Emission (kg
CO2-eq/yr)

% Emission (kg
CO2-eq/yr)

% Emission (kg
CO2-eq/yr)

% Emission (kg
CO2-eq/yr)

% Emission (kg
CO2-eq/yr)

% Emission (kg
CO2-eq/yr)

% Emission (kg
CO2-eq/yr)

%

Feed production (1) = (2
+ 3 + 4 + 5 + 6 + 7)

2,724.4042 18.8 819.0505 12.4 859.6838 22.2 249.5531 5.1 809.5354 0.1 139.8251 3.6 919.5469 12.0

Machinery (2) 0.0559 0.0 0.0489 0.0 0.0565 0.0 0.0262 0.0 0.0450 0.0 0.0557 0.0 0.0424 0.0

Fuel (3) 1,986.0173 13.7 573.1504 8.7 752.7432 19.4 180.2220 3.7 589.7237 0.1 98.5871 2.6 677.9262 8.9

Irrigation water (4) 120.8071 0.8 87.0441 1.3 0.0000 0.0 7.4136 0.2 50.1041 0.0 0.0000 0.0 44.1694 0.6

Biocide (5) 63.6689 0.4 17.6238 0.3 20.0365 0.5 7.0134 0.1 14.8247 0.0 2.9865 0.1 20.4434 0.3

Fertilizer (6) 553.8551 3.8 141.1832 2.1 86.8477 2.2 54.8780 1.1 154.8379 0.0 38.1958 1.0 176.9656 2.3

Feed purchase (7) 7,258.2496 50.1 1,380.8960 21.0 1,529.8706 39.4 3,098.5667 63.5 5,299.5831 0.6 2,424.1975 62.9 4,225.7279 55.3

Machinery (8) 0.0014 0.0 0.0012 0.0 0.0014 0.0 0.0007 0.0 0.0011 0.0 0.0014 0.0 0.0011 0.0

Electricity (9) 73.2223 0.5 95.9940 1.5 40.1979 1.0 56.8795 1.2 73.9278 0.0 19.7279 0.5 64.6260 0.8

Fuel (10) 496.5043 3.4 143.2876 2.2 188.1858 4.9 45.0555 0.9 147.4309 0.0 24.6468 0.6 169.4815 2.2

Coal (11) 3,863.9905 26.6 4,063.5377 61.8 1,131.8966 29.2 1,284.0131 26.3 2,189.9332 0.3 1,198.5153 31.1 2,167.7727 28.4

Water (12) 84.1639 0.6 76.6070 1.2 128.4294 3.3 149.1802 3.1 50.7840 0.0 45.6262 1.2 95.8216 1.3

Enteric fermentation (13) 0.0713 0.0 0.0516 0.0 0.0478 0.0 0.0277 0.0 0.0430 0.0 0.0460 0.0 0.0438 0.0

Manure management (14) 0.0016 0.0 0.0014 0.0 0.0016 0.0 0.0007 0.0 0.0013 0.0 0.0016 0.0 0.0012 0.0

Total GHG (15) = (1 + 7
+ 8 + 9 + 10 + 11 + 12 +
13 + 14)

14,500.6091 100.0 6,579.4270 100.0 3,878.3150 100.0 4,883.2772 100.0 8,571.2398 1.0 3,852.5877 100.0 7,643.0227 100.0

Total/number of animals 42.2412 13.6715 13.0924 12.0777 29.4991 12.5696 31.8857
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low. Fuel consumption contributed notably to GHG emissions,
especially in goat farms in types 1, 3, and 4, while coal
consumption was a significant contributor to GHG emissions,
especially types 1, 2, and 6. Enteric fermentation and manure
management had very low emissions across all typologies (Table 5).

Goat farms in type 1 emitted the highest total GHG emissions
due to the use of machinery and coal, and having larger flock sizes
led to higher feed consumption and waste production. Goat farms in
type 2 ranked 3rd in terms of the total GHG emission, and feed
production/purchase was the major contributor to GHG emission.
Conducting their activities on a large farmland increased the GHG
emission due to maintenance and operations, and having a lower
reproductive efficiency led to a larger flock size, resulting in high
GHG emissions in goat farms included in type 2. Goat farms in type
3, which is focused on replacement breeding with the highest family
labor, had a total GHG emission of 3,878.31 kg CO2-eq in a year, and
feed production, machinery, and coal consumption were notable
contributors to GHG emission. Intensive farming practices and a
large amount of input use were the other contributors. Goat farms in
type 4 emitted a total GHG emission of 4,883.27 kg CO2-eq in a year,
and feed production, feed purchase, machinery, and coal
consumption were significant GHG emission contributors. Goat
farms in type 5, in which mohair production was the main focus,
together with replacement breeding, emitted a total GHG emission
of 8,571.23 kg CO2-eq in a year. Feed production, feed purchase, and
machinery were the main contributors to GHG emission. The total
GHG emission of goat farms in type 6, which had the smallest flock
size and no farmland, was 3,852.58 kg CO2-eq in a year. Feed
production, feed purchase, and coal consumption were significant
contributors to GHG emission in this group of goat farms.

Feed production and feed purchase consistently contributed to a
substantial portion of emissions across all typologies. The
importance of machinery, fuel, and coal consumption varied
among different typologies. Overall, differences in emissions
across the typologies were attributed to factors such as flock size,
flock composition, breeding practices, land availability, feed
production, labor intensity, and management approaches. Each
management typology’s specific activities, resource utilization,
and management practices played a crucial role in determining
their carbon footprints.

The amount of GHG emission varied according to goat product
types such as goat meat, milk, and mohair. The GHG emission per
kg goat meat was higher than that of goat milk and mohair. Turkish
goat farms emitted GHG emissions for the production of per kg of
meat, milk, and mohair by 9.85 kg CO2-eq, 8 kg CO2-eq, and 0.28 kg
CO2-eq, respectively (Figure 3).

Goat farms in type 1 had higher GHG emissions by 1 kg of milk
production than goat farms in types 2 and 4 (p < 0.05). The
characteristics of goat farms such as the production methods,
flock sizes, feed sources, and specific management practices
caused the differences in GHG emissions per liter of milk
production associated with the management type. It can be said
that the reason for having high GHG emissions in goat farms
included in type 1 was the extensive and traditional nature of
goat farms, adopting production methods having a low level of
efficiency and having larger flock sizes. The semi-intensive and
multi-purpose nature of goat farms in type 2 resulted in more
controlled resource utilization compared to extensive systems,

contributing to moderate emissions. Dairy goat farms in type
4 had a smaller GHG emission for 1 kg of milk production due
to benefiting partially from pasture and efficient resource use
(Figure 3).

Regarding the GHG emission of replacement breeding, goat
farms in type 1 had the highest GHG emissions due to the largest
flock size and more resource use. Goat farms in type 5, which are
focused on replacement breeding for mohair production, emitted
the lowest amount of GHG emission for replacement breeding in a
year. The characteristics of goat farms such as flock size, breeding
practices, family labor, and management intensity affected the GHG
emission differences among management types (Figure 3).

Previous research focusing on livestock underlined that feed
production consistently emerged as a major contributor to GHG
emissions, aligning with the resource-intensive nature of livestock
feed cultivation, harvesting, and transportation (Steinfeld et al.,
2006; Sintori et al., 2013). It was also emphasized that emissions
can vary substantially due to factors such as the geographical
location, breed, management practices, and the nature of
livestock systems. This study examined the GHG emissions
associated with different typologies of goat farming. The research
results showed that larger flock sizes, specific breeding practices, and
labor intensity have notable impacts on emissions. These findings
aligned with findings of other studies. Sowunmi et al. (2015) in the
UAE stated that larger flock sizes, specific breeding practices, and
labor intensity affected the GHG emission. They also emphasized
the variability of GHG emissions based on the geographical location
and livestock population. Furthermore, Marino et al. (2015)
highlighted the interconnected nature of GHG emissions and
climate change impacts on small ruminant production. They
emphasized the need for both mitigation and adaptation
strategies to ensure the sustainability of the sector. Similarly,
Salcedo et al. (2022) explored strategies for reducing emissions
per hectare and per unit of product, illustrating the potential
benefits of feed replacement and other management practices.
This study also collectively acknowledged the role of specific
factors in emissions, such as feedstuff composition, manure
management, and the nature of the livestock system. Lesschen
et al. (2011) indicated that emissions can vary based on the
intensity of the livestock system, with intensive systems
potentially having lower emissions per unit of product due to
increased productivity. In conclusion, these studies collectively
provided a nuanced understanding of the intricate relationship
among small ruminant production, emissions, and climate
change. They emphasized the need for region-specific strategies
that consider factors such as management practices, feed
production, and the unique characteristics of livestock systems.

Based on the research results, typical Turkish goat farms
gained agricultural income by 2.47 USD per kg of GHG
emission. The amount of agricultural income gained per kg
GHG emission varied according to typology (p < 0.05). Goat
farms in type 4 had the maximum agricultural income per kg of
GHG emission, while that of goat farms in type 1 was the
minimum. Analyzing the relationship between GHG emission
and the income stability of goat farms showed that goat farms in
type 3 had the minimum income stability with smaller GHG
emission. Typical Turkish goat farms emitted 0.49 kg CO2-eq for
per USD of agricultural production expenses. GHG emission for
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per USD of agricultural production expenses varied according to
management typologies (p < 0.05). Goat farms in type 1 emitted
the highest GHG compared to others, while that of goat farms in
type 2 was the lowest. By knowing the GHG emissions per unit of
production expenses, farmers can identify the most cost-effective
strategies for emission reduction. This information empowers
farmers to invest in practices that provide the highest emission
reduction for their budget. For instance, if upgrading machinery
has a lower emissions-to-expense ratio than that of changing feed
sources, it becomes a priority. It highlights where resources
should be allocated for the maximum environmental impact.
Farmers can strategically allocate budgets for emission reduction
efforts. For example, if feed production is a major contributor to
emissions and represents a significant expense, funds can be
allocated toward sustainable feed sourcing or on-site production.
It establishes a baseline for emissions against which future
progress can be measured. Using these data, farmers can set
realistic emission reduction targets. They can track
improvements over time and adjust strategies as needed. It
also allows for meaningful comparison with industry
benchmarks. Understanding the emissions-to-expense ratio
provides a solid foundation for advocating policy changes and
demonstrating compliance with environmental regulations.
Using these data, farmers can engage with policymakers to
advocate for supportive policies, subsidies, or incentives for
sustainable practices. It also helps in demonstrating adherence
to environmental regulations.

The research results also showed that goat farms in type 3 had
the highest income sacrifice per kg GHG emission reduction to
reach the level of goat farms having minimum GHG emission in a
year, while that of goat farms in type 1 was minimum. Typical
Turkish goat farms faced with an income sacrifice of 2.85 USD per
kg GHG emission reduction to reach the level of environmentally
friendly goat farms having minimum GHG emission in a year

(Table 6). The Turkish government implements different support
programs to reduce carbon emissions in small ruminant farming
(protection of genetic resources, waste management, etc.), and
although it varies according to the characteristics of the farm, it
pays support payments by approximately 0.15 USD per kilogram
of live weight for reducing carbon emission. It was clear that the
government support was not satisfactory for switching to
environmentally friendly goat farms. Similar findings were
reported for many policy implications worldwide. Tsiouni et al.
(2021) stated that goat farms in Greece were not profitable and
could not survive without government subsidies. They suggested
that agricultural policies could be leveraged to improve
environmental outcomes. Preferring short-term profits instead
of long-term profits by goat farms negatively affects carbon
reduction efforts at the farm level.

Goat farms in type 1 had the largest flock size, and their water
usage was higher than that in other typologies, especially for
drinking and sanitation water. These farms required more land
for grazing due to the extensive nature of their operations.
Depending on the region and management practices, extensive
farms caused varying impacts on the local biodiversity. For
instance, large-scale grazing impacted local flora and fauna.

Water usage was relatively lower in farms assigned in type 2 as
these farms had more controlled and efficient water management
practices. These farms had larger land areas, potentially influencing
local land use patterns. However, they also implement more
sustainable land management practices. The impact on the
biodiversity was moderate, with potential variations based on
specific management strategies.

Goat farms in type 3 had relatively higher water requirements
due to their intensive nature, especially for dairy operations. They
required less land for grazing but more land for infrastructure and
feed production. The impact on biodiversity varies depending on
factors like land use practices and presence of natural habitats.

FIGURE 3
Farm-level GHG emission by management typology.
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Water usage of dairy-focused goat farms with low labor intensity
(type 4) was moderate in terms of water use as dairy farms typically
require consistent water supply for hygiene and milking processes.
These farms allocated a land for infrastructure and some grazing but
did not have extensive land requirements. The impact was relatively
lower than that of extensive farms as they did not require large
expanses of land.

Water usage was moderate in mohair production farms with
replacement breeding (Type 5), depending on factors like herd size
and farm practices. These farms required specific types of vegetation
for mohair production, potentially influencing local flora
composition. The impact on biodiversity was influenced by the
choice of vegetation and land management practices.

Goat farms in type 6 had lower water requirements due to their
smaller flock size. They did not allocate land for extensive grazing,
potentially reducing their land use impact. The impact on
biodiversity was lower due to the smaller scale and potentially
less disturbance to natural habitats.

4 Conclusion

In this study, the environmental impacts of goat farming
associated with the management type in Türkiye were assessed,
and the link between farm-level income sacrifice and the amount
of GHG reduction was explored. The environmental impact and
farm-level income sacrifice per kg GHG emission reduction to
reach the level of environmentally friendly goat farms varied
according to the management type of goat farms. Switching from
a conventional management type to environmentally friendly
management type goat farms may reduce the environmental
impact of goat farming. Facilitating the accessibility of
financial resources may enhance the switching process through
benefiting investments in infrastructure, equipment, and
research and development. Well-designed government
regulations and subsidies may accelerate the transition process
in goat farms. To date, several studies have focused on the effect
of government regulations and subsidies. Some studies explored
the positive effect of government regulations and subsidies to
switch green production technology and systems (Chan et al.,
2015; Joo et al., 2018; Peng et al., 2023). However, some previous

studies reported the negative effects of government regulations
and subsidies (Krass et al., 2013; Hafezi and Zolfagharinia, 2018;
Ghosh et al., 2020). Government regulations and subsidies may
lead to obstacles in production and innovation development and
an increase in the product price for the end user. For this reason,
special attention should be paid so that the policies to be
developed to create environmentally friendly goat farms do
not negate product and innovation development and do not
cause an unacceptable increase in prices. In addition,
providing guidance for switching conventional goat farms may
increase the effectiveness of the national-level policy measure-
related environmental side of goat farming. On the other hand,
creating resource-efficient and environmentally friendly goat
farms by subsidizing the goat farms may decrease GHG
emissions. Training and extension activities may contribute to
decreasing GHG emission of goat farming. Awareness activities
on opportunities for GHG emission reduction in goat farms may
also positively affect the efficiency of actions for GHG emission
reduction in goat farming.

Future research in the goat industry could focus on
incorporating all parameters along the supply chains in
environmental impact analysis for better understanding the GHG
emissions along the goat product such as meat, milk, and mohair
supply chains. In addition, exploring economic feasibility of
switching to environmentally friendly goat farms may offer
alternative research possibilities.
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TABLE 6 Income per GHG and income sacrifice per kg GHG emission reduction by management typologies.

Type 1
(n = 10)

Type 2
(n = 4)

Type 3
(n = 5)

Type 4
(n = 10)

Type 5
(n = 20)

Type 6
(n = 18)

Türkiye
(N = 60)

Agricultural income (USD/farm) 20,128.48 29,507.64 11,562.95 22,512.49 15,873.23 9,070.50 18,988.71

Total cost (USD/farm) 19,692.56 26,071.26 15,072.77 16,107.89 14,822.81 12,001.27 16,656.79

Risk of income (USD/farm) 12,627.70 21,592.78 2,836.36 15,168.77 17,772.76 5,881.98 14,597.44

Total GHG (kg CO2-eq/farm) 14,500.61 6,579.43 3,878.32 4,883.28 8,571.24 3,852.59 7,678.52

Income per GHG (USD/kg CO2-eq) 1.39a 4.49bc 2.98b 4.61c 1.85a 2.35 2.47

GHG emission per production expenses
(kg CO2-eq/USD)

0.74a 0.25b 0.26b 0.30bc 0.58c 0.32bc 0.49

Income sacrifice for per kg GHG
reduction (USD/kg CO2-eq)

1.04a 7.49ab 96.87c 13.04bc 1.44a — 2.85

*Different letters mean that the difference between management types for the related variable is statistically significant at a probability level of 5%.
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