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Abstract

:

The poultry sector is considered to be one of the most industrialized sectors of livestock production. Although the livestock sector contributes the 14.5% of total anthropogenic greenhouse gas (GHG) emissions, less attention has been paid in the respective emissions of the poultry sector compared to other farmed animals such as ruminants. The aim of the study was to estimate the carbon footprint of the poultry sector (layers, broilers, and backyards) in the Greek territory during the last 60 years as a means of exploring further mitigation strategies. Tier 2 methodology was used to estimate GHG emissions. Different mitigation scenarios related to changes in herd population, feeds, and manure management were examined. GHG emissions showed an increased trend over time. The different scenarios explored showed moderate to high mitigating potential depending on the parameters that were changed. Changes in manure management or diet revealed to have a higher potential to eliminate GHG emissions. Changes in population numbers showed a low mitigating potential. However, if mortality could be improved within industrialized farming systems, then it could be an indirect increase in product quantities with a slight increase in emissions. Therefore, depending on national priorities, the sector could improve its environmental impact by targeting aspects related to husbandry/management practices.
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1. Introduction


The increase in human population is nowadays a certainty and according to the projections, it is expected to reach over nine billion in 2050 [1]. This population growth, combined with the increase in urbanization rate and the improvement of human social status, are expected to lead to a further increase in the future needs for livestock products (meat, milk, and eggs). According to the FAO, these needs are estimated to at least to be doubled by 2050, and, specifically, meat and milk demands are expected to increase over 70% and 50%, respectively [1,2]. Therefore, the livestock sector will require larger amounts of natural resources to meet these demands, which will lead to a higher environmental footprint of the livestock sector.



Livestock is considered to be one of the major contributors to the global amount of greenhouse gas emissions (GHGs) that are emitted by human activities. The estimated emissions by the sector are over 7.1. Gt CO2-eq per year, representing 14.5% of the total anthropogenic GHG emissions [3,4]. The emissions from the livestock sector are either direct (e.g., enteric fermentation, manure management, energy consumption) or indirect (e.g., feed production, transfer facilities) depending on the processes that are included upon the delivery of the final product. These emissions are mainly carbon dioxide (CO2; 5–9%), methane (CH4; 35–44%), and nitrous oxide (N2O; 53–65%) [4]. In addition, there is great concern about ruminant sector (cattle, goats, and sheep), and especially about the beef and dairy production sector due to their higher contribution to livestock’s GHGs (41% and 21%, respectively). However, monogastric species (e.g., pigs or poultry species) contribute, also, to these emissions significantly.



Many monogastric species are characterized by a fast-growth ability, enhancing therefore, their usage in industrialized farming systems under all-in/all-out farming. Such a specie is the chicken, which, due to its fast growth, its products have gained a high preference of the consumers due to socio-economic status, ethical concerns, religious beliefs, traditions, and/or dietary scandals [5]. Chickens are playing a significant role in the diet of people as many of them trade red meat for poultry. Eggs are also a very nutritious food product that is extensively consumed worldwide. It is a natural source of many macro- and micro-nutrients, including high quality protein, vitamins, minerals, trace elements, and bioactive compounds. Although the poultry sector is a well-developed sector worldwide, there is a misconception that it has a low environmental impact in terms of global potential warming (CO2-eq) because, unlike ruminants, their digestive processes do not produce methane. According to Gerber et al. [3], the poultry sector represents 9% (0.6 Gg CO2-eq/year) of the livestock sector’s emissions. However, these emissions are higher if specific countries are targeted, such as South Korea [6] or China [7]. According to previous studies [8,9], approximately 50% of the emissions derived from the poultry sector are generated at the stage of farming (egg production or fattening).



The assessment of the livestock carbon footprint is based on the estimation of GHG emissions. According to the guidelines of the Intergovernmental Panel on Climate Change (IPCC), the estimation of GHG emissions can be achieved following different tier methodologies (Tier 1, 2 or 3) according to the available data [10,11]. These methodologies are based on specific equations of elevated computational power according to the available data (e.g., population number, animal categories, feed parameters, etc.). Therefore, in moving from a Tier 1 approach to a Tier 3 approach, more elaborated equations are used. Thus, in Tier 3 methodology, more specific data are, usually, required, even including models and inventory measurement systems tailored to case studies or national circumstances, repeated over time, and driven by high-resolution activity data. According to the IPCC [10], the higher Tier methodologies that are implemented, the more accurate estimations of GHGs are achieved. In any case, due to the difficulties of developing Tier 3 approaches in each country, the Tier 2 approach, if it can be used, is more preferable than the Tier 1 approach. To facilitate the implementation of Tier 2, the Food and Agriculture Organization (FAO) developed a software that utilizes a Tier 2 approach, named “Global Livestock Environmental Assessment Model” (GLEAM-i) [12]. The software adopts a life-cycle approach (LCA), calculates the emissions arising along the supply chain from cradle to retail point, and creates a spatially explicit database on the livestock sector.



Many studies have been previously reported the environmental impact of the poultry sector (egg/meat) considering different farming systems and estimating methods. According to Nielsen et al. [9], the production of 1 kg of Danish broiler adds 3.85 kg of CO2 equivalents to the global warming potential. Hatch egg production had the lowest emissions (0.39 kg CO2 eq) when compared to the broiler production or slaughter stage (2.94 kg and 0.52 kg CO2 eq, respectively). Several other studies indicated similar values [13], but the results are not easily comparable due to different methods, functional units, or farming system boundaries used during the assessment. Considering egg production, free range systems showed a higher environmental impact than organic systems, barn systems, or even cage systems utilized in the past in terms of potential warming, eutrophication, and acidification [14]. In addition, Nielsen et al. [8] reported that 1.8 Kg CO2-eq are emitted per 1 kg of Danish eggs produced. Williams et al. [15] evaluated, also, the organic, free-range, and conventional farming systems for meat broiler or egg production. In both examined cases (eggs or meat production) the free-range systems showed a higher carbon footprint than the organic or conventional systems.



The poultry sector in Greece is considered as one of the most industrialized husbandry sectors. It covers approximately 80% and 97% in meat and egg demands, respectively [16]. In addition, according to the Hellenic Statistical Authority [17], there has been an increase in the number of chickens that are bred either for egg or meat production during the last two decades. However, there is missing information about the environmental footprint of the sector, which is needed to be able to implement further mitigation measures or certain policies. Therefore, the aim of this study is to estimate the GHG emissions from the chicken farming sector (meat and egg production) under different production systems (layers, broilers, and backyards) at the national level using Tier 2 methodology. Different scenarios in farming indexes were examined, and their potential was quantified as a proxy to identify further mitigation measures. To the best of the authors’ knowledge, this is the first comprehensive assessment regarding the emissions of poultry farming at the national level, as well as the first attempt to highlight potential mitigation strategies that could be applied to eliminate GHG emissions in certain livestock sectors. The results would be useful for stakeholders of the sector to further drive more elaborate measures.




2. Materials and Methods


2.1. Area of Study


The study included the estimation of GHG emissions of the Greek poultry sector during the period of 1961–2020 using Tier 2 approaches following the IPCC guidelines [10,11]. Industrialized (layers, broilers) and backyard systems were considered as the studied farming systems.




2.2. Population Data


Secondary sources of data were used in this study. Specifically, population data were obtained from the statistic division of the Food and Agriculture Organization of the United Nations (FAOSTAT) [18] and the Hellenic Statistical Authority [17]. As there was not much variation in the herd parameters on a yearly basis, the data were classified into six groups, each group having a ten (10) year interval (1961–1970, 1971–1980, 1981–1990, 1991–2000, 2001–2010, and 2011–2020) (Supplementary Table S1). According to the retrieved data, the portion of the population reared under industrialized systems and backyard farming represented 90% and 10%, respectively.




2.3. GHG Emissions’ Estimation


Emissions derived from the sector for the targeted periods were firstly estimated using a Tier 2 approach for the poultry sector. Specifically, the Global Livestock Environment Assessment Model (GLEAM-i software v. 2.0) developed by the FAO [12] was used to estimate the emissions of GHG from the targeted sector at a national level (Region: Western Europe; Country: Greece). Layers, Broilers, and Backyard farming systems were chosen from the respective modules of GLEAM. The collected data were formatted following the requirements of the GLEAM-i tool for the quantification of GHG emissions. The major data types were livestock population and herd parameters, feed resources, and manure management. Except for population numbers, the default values were used for the rest of the required data because these parameters reflect the respective country’s average values [12,19]. GLEAM-i, apart from the Tier 2 methodology approach that follows, also incorporates a Life Cycle Assessment (LCA) method to identify all the main emission sources along the supply chain. It quantifies GHG emissions for spatially defined geographic units, and it is built on five modules reproducing the main elements of livestock supply chains: the herd module, the feed module, the manure module, the system module, and the allocation module. Therefore, a better and more accurate representation of emissions is achieved. In addition, the software was developed to assist a comprehensive assessment interaction between livestock and environmental impact, and to reduce manual calculation errors. It provides, also, options to run different scenarios for mitigation options [19]. Thus, in the present study, GLEAM-i was used to estimate the emission of GHGs from the poultry population and evaluate the mitigation potential of the sector at the national level. All on-farm emissions, as well as emissions from feed production to the processing point related to poultry farming (cradle-to-processing point), were considered to estimate the total GHG emissions (CO2-eq). Land-use changes related to feed crops (e.g., soy) were also considered. First, the emissions derived from the different reared populations were assessed (layers, broilers, and backyards) for the studied period. Then, mitigation potentials with respect to management practices were evaluated as follows.




2.4. Mitigation Scenarios Explored at the National Level


After the estimation of GHG emissions at the national level, three different mitigation scenarios were evaluated separately, following the approaches identified by FAO [3]. The different evaluated scenarios were selected at the base of their feasibility of adoption by the stakeholders of the sector at the national level. As a baseline scenario, the emissions of the last year of the latter targeted period (2011–2020) was selected. The different scenarios were related to changes in parameters of herd, diet, and manure management compared with the baseline scenario (Supplementary Table S2). The rest of the implemented values remained the same as in the baseline scenario.



2.4.1. Scenario-I (S-I): Population Increase–Decrease


In this group of mitigation approaches, different scenarios of animal population variations were evaluated. Specifically, we evaluated: (a) the improvement of mortality in different animal categories of layers and broilers, and, specifically, in young animals and adult chickens, by 1% (S-Ia), which can be considered achievable under better management, hygiene, and/or the use of precision livestock solutions; (b) the improvement of self-sufficiency in eggs and chicken meat at the national level by 10% and 30%, respectively, which reflects an increase in animal population to meet self-sufficiency (S-Ib), which could potentially be a state policy; and (c) the decline of 10% of the broiler and layer populations, followed by an increase of 10% in backyard populations, as a means of improving welfare (S-Ic) and, which may also offer a value-added benefit in the final product.




2.4.2. Scenario-II (S-II): Changes in Diet’s Feeds


In this scenario, the decrease in the use of soy in the diets of industrialized reared chicken populations (layers and broilers) was examined as a means of mitigating GHG emissions and as a proxy for eliminated feed costs. Specifically, we explored the possibility of replacing part of the soybeans with (a) other protein beans (i.e., Leguminous beans except soy) (S-IIa) and (b) with other feeds representing byproducts from oil production, cotton seed, and crop residue (leguminous plants) (S-IIb), as there are feasible possibilities to use such types of feeds in diets.




2.4.3. Scenario-III (S-III): Improved Manure Management


Anaerobic digestion, aeration, reducing storage time, and storage cover with straw were among the strategies recommended by the FAO [3,4]. However, these management systems are not commonly practiced at the national level. Therefore, in this scenario, holistic or partial changing of manure management systems within the different reared populations were examined (layers, broilers, and backyards) following the available options that GLEAM offered in each case of farming system under its manure module. Herd and feed parameters remained the same as in baseline scenario, while changes in the manure module were applied. Specifically in layers, partial changes of manure treatment from the ones typically used, such as pit storage (42%), dry lot (50%), and manure with litter (8%), were examined as follows: (a) dry lot (100%) (S-III_La), and (b) pit storage (40%), dry lot (40%), and solid storage (20%) (S-III_Lb). In broilers, the typically implemented manure management, referring to manure with litter (100%), was changed to (a) solid storage (100%) (S-III_Br_a), and (b) solid storage (8%) and manure with litter (92%) (S-III_Br_b). Finally, in the case of backyard populations, the typically used treatment referring to daily manure spread (50%) and pasture/paddock spread (50%) was changed to: (a) daily spread (100%) (S-III_Bk_a) and (b) daily spread (50%), and pasture/paddock spread (45%) and solid storage (5%) (S-III_Bk_b).





2.5. Data Formatting and Analysis


Data was formatted according to GLEAM-i requirements and was entered in separate sheets for each examined case. Once the analysis was completed, the results were exported into an Excel sheet, and descriptive statistics and graphical interpretations were made.





3. Results


3.1. Overall GHG Emissions at the National Level and between Production Systems


The estimated GHG emissions for the examined period at the national level are shown in Table 1. The average overall GHG emissions during the six-decade internals showed an increasing trend. Specifically, it increased from 20.6 × 109 kg CO2-eq/year in 1961–1970 to 34.5 × 109 kg CO2-eq/year in 2011–2020 (67.5%). Between each decade, an increase in the emissions was observed for 1971–1980 (42.80%), 2001–2010 (7.19%), and 2011–2020 (13.08%), while a slight decrease was noted in 1981–1990 (−0.92%) and 1991–2000 (−2.61%). The fluctuation in the estimated emissions was similar to the respective changes in the poultry population (Supplementary Table S1).



Regarding farming systems, it was observed that the industrialized systems (layers and broilers) had higher emissions compared to backyard farming. In addition, broilers had higher emissions compared to layers. Within the target period, the emissions of each farming system showed similar fluctuations to average estimated emissions.




3.2. Effect of Mitigation Potential on GHG Emissions


Table 2 shows the results of Scenario-I (S-I) mitigation measures, which consider changes in animal populations. The estimated total greenhouse gas emissions of the chicken population for the baseline at the national level was 40.69 × 109 kg CO2-eq/year. The breakdown of these emissions is as follows: (a) layers: 19.22 × 109 kg CO2-eq/year; (b) broilers: 21.12 × 109 kg CO2-eq/year; and backyards: 0.35 × 109 kg CO2-eq/year. In the case of improving mortality (S-Ia) or improving self-sufficiency in the final products (S-Ib), an increase in total emissions was noted. Specifically, compared to the baseline, they were raised from 40.69 × 109 kg CO2-eq/year to 41.27 × 109 kg CO2-eq/year (S-Ia) and 48.7 × 109 kg CO2-eq/year (S-Ib). In the case of reducing the number of broilers and layers by 10% and increasing backyard reared populations by 10%, (S-Ic), a reduction in total emissions from 40.69 × 109 kg CO2-eq/year to 36.68 × 109 kg CO2-eq/year (−9.8%) was noted.



Regarding Scenario-II (S-II), which is related to changes in diet, we noted a decrease in the total GHG emissions compared to the baseline (Figure 1). In both examined cases, the partial replacement of soy with other protein-rich feeds such as beans (e.g., leguminous beans; S-IIa) or other type of feeds (e.g., byproducts of crops; S-IIb) lead to a reduction of total emissions as well as of those within each reared population (broilers and layers). Specifically, total emissions decreased from 40.34 × 109 kg CO2-eq/year (baseline) to 34.80 × 109 kg CO2-eq/year (S-IIa) and 28.97 × 109 kg CO2-eq/year (S-IIb). In addition, emissions related to broilers showed a higher decrease compared with those related to layers in the examined scenarios. In S-IIa, emissions related to broilers decreased by 15.8% compared with baseline, while the respective emissions related to layers decreased by 11.5% compared with baseline. In S-IIb, the emissions decreased by 38.3% and 17.1%, respectively.



The results of Scenario-III (S-III), which is related to changes of manure management within each reared population (layers, broilers, and backyards), are shown in Table 3. Apart from broilers, we observed a decrease in the respective emissions according to the implemented change of manure management, which ranged from 1.2% to 42.9%.





4. Discussion


In the present study, a retrospective analysis of the GHG emissions of the chicken population (layers, broilers, and backyards) reared in Greece was conducted over a six-decade-period (from 1961–1970 to 2011–2020). In addition, further hypothetical scenarios were explored as a means of mitigating emissions of the sector. An increasing trend of GHG was observed from 1961–1970 to 2011–2020, which can be explained mainly due to the increase in the reared chicken population during the examined period. Broilers contributed to a higher proportion to these emissions due to their higher population compared to other reared populations, as well as due to the intensity of farming (approximately 7–8 productive cycles/year). The contribution of GHG from livestock is, generally, expected to grow due to the increase livestock population, which is triggered by the increasing demand of animal protein, especially in developing countries [20]. However, the demand for chicken products (white meat, eggs) is of major concern among consumers as they are considered more affordable compared to red meat and of high nutrient content. In addition, white meat has not yet been associated with various diseases, like red meat has, with reference to to following a healthier diet [5,21,22,23]. Projecting the GHGs of the sector in the future at the country level is a great challenge that could assist any implemented policy. However, making projections based only on the trend of the recorded emissions, which reflects only the fluctuations in herd numbers in the past, could lead to controversial and biased conclusions. Many other factors, such as consumer preferences, economic status, prices, etc., may contribute to the increase or decrease in livestock population numbers, and such parameters should be considered when projections are made. In any case, the increasing trend of the chicken reared population is aiming to follow consumer demands but also contributes to higher GHG emissions, from which a need emerges to take appropriate mitigation measures.



Therefore, different scenarios considering changes in parameters related to herd, diet, and manure management were explored as a proxy of mitigating the produced GHG at the national level. Improving the herd’s productivity through reducing mortality resulted in a slight increase in GHG (+1.4%). In contrast, if higher levels of productivity are targeted by increasing population number to meet self-sufficiency levels, the total emissions of the examined sector were increased drastically (over 15%). Thus, improving husbandry practices that may lower the levels of mortality could assist in keeping GHG emissions at similar levels to the baseline scenario, achieving, simultaneously, a better final productivity. In addition, welfare is a major concern in the poultry sector [24]. Moving from the industrialized farming systems to traditional ones, such as backyard systems, seems to have potential for improving animal well-being. Such a transition seems to have a promising potential for eliminating GHG emissions from the poultry sector. The evaluation of such scenario resulted in a decrease in total GHG emissions (−9.8%), which is reasonable as the population of layers and broilers was decreased. Interestingly, the emissions related to backyard systems showed a slight increase compared with the baseline scenario (from 0.35 × 109 CO2-eq to 0.38 × 109 kg CO2-eq) although their population increased. Thus, there are mitigation potentials that could target both welfare aspects and eliminating GHGs.



Improving feeding management practices is one of the dietary strategies for reducing GHG emissions. In the poultry sector, the cost of feed represents over 70–80% of the total husbandry costs [25]. In addition, soy usually participates, with high percentages in the implemented diets due to its high protein content. However, soy cultivation and further feed production have a high environmental impact in terms of the great quantities of water, which are used for irrigation, deforestation, and also due to the transportation of this feed to the targeted countries [26]. Among the examined mitigation scenarios, diet changes showed the greatest potential for eliminating the total GHG emissions. Reducing the use of soybeans and replacing them with other protein-rich foods or other byproducts of feed cultivation revealed a high potential for reducing GHG emissions compared to the other examined scenarios. Therefore, replacing a part of soy with other protein feeds is, apart from eliminating GHG emissions, an alternative for cost reduction. This is also encouraging, since soy is not among the main cultivated crops of Greece, so its partial replacement could offer an economic benefit.



The changes related to manure management that were explored in the present study showed a moderate capacity of reducing GHG emissions. Except broilers, in the rest of the examined cases (layers and backyards), changes in the manure handling showed a decrease of GHGs ranging from 1 to 14%. A higher potential was noted for backyard systems and in layers when solid storage or dry lot were used in the tested scenarios, respectively. The observed changes to emissions were according to our expectations, as manure management strategies have been clearly indicated to have a medium to high mitigation potential [3].



Mitigating GHG emissions from the livestock sector is of the utmost importance among countries. According to the explored scenarios, there are strategies that could be followed by the stakeholders to improve the environmental impact of the sector at the national level. If the main target of a policy is to achieve self-efficiency in poultry products by increasing the respective reared population, then it would be advisable to implement further measures for mitigating GHG emissions, as such an animal population increase leads to an increase in emissions. It should be noted that the examined scenarios are ad hoc hypothetical cases following trends that could be potentially implemented in the studied sector according to the priorities of farmers or state. In any case, they could serve as pilot examples for future scenarios that each stakeholder or policy maker could further examine. Accordingly, many countries have already tried to improve the environmental impact of the poultry sector. A typical example of such an approach is that of United States. Specifically, producing, nowadays, the same amount of chicken as in 1965, it has 50% less impact on the environment. Many factors contributed to the reduced environmental impact, including fewer resources required in poultry production at the territory level, a decrease in farmland used in poultry production, and a decrease in water used in poultry production, which all led to a reduced impact of GHG emissions [27]. Therefore, such approaches, together with changes in basic husbandry practices (manure management, feed improvements, and improvement of zootechnical indexes), could serve as pilot examples to eliminate, at the national level, GHG emissions.




5. Conclusions


GHGs from the poultry sector (layers, broilers, and backyards) in Greece showed an increased trend over time. This increase is alarming, and, therefore, appropriate mitigation measures need to be taken. If such measures will not be considered, then GHG emissions are expected to increase due to the projected increase in population growth that will lead to an increase in the demand for animal protein. Different scenarios explored in the present study showed a moderate to high mitigating potential, depending on the parameters that were changed. Changes in parameters, such as manure management or diet, were revealed to have a moderate or higher potential to reduce GHG emissions. Changes in population numbers showed a different mitigating potential according to the implemented change. However, if mortality could be improved, then it could be an indirect increase in product quantities with a very low increase in emissions. In addition, there are mitigation potentials that could also target welfare aspects in addition to eliminating GHGs. The presented scenarios could serve as a pilot for future mitigation scenarios by the stakeholders of the sector or the state. Therefore, depending on national priorities and the respective legislation, the sector could improve its environmental impact targeting aspects related to husbandry/management practices.
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Figure 1. Results of mitigation scenario-II (changes in diet) in total GHG emissions (×109 kg CO2-eq/year) at the national level. 
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Table 1. GHG emissions of the chicken population (layers, broilers, and backyards) reared at the national level (kg CO2-eq/year) and the differences observed between each sequential examined decade.
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Years

	
Industrialized

	
Backyard

	
Total

	
Difference (%)




	
Broilers

	
Layers






	
1961–1970

	
10.7 × 109

	
9.8 × 109

	
0.17 × 109

	
20.6 × 109

	
----




	
1971–1980

	
15.3 × 109

	
13.9 × 109

	
0.24 × 109

	
29.5 × 109

	
+43.2




	
1981–1990

	
15.2 × 109

	
13.8 × 109

	
0.24 × 109

	
29.2 × 109

	
−1.0




	
1991–2000

	
14.8 × 109

	
13.4 × 109

	
0.23 × 109

	
28.4 × 109

	
−2.7




	
2001–2010

	
15.8 × 109

	
14.4 × 109

	
0.25 × 109

	
30.5 × 109

	
+7.4




	
2011–2020

	
17.9 × 109

	
16.3 × 109

	
0.28 × 109

	
34.5 × 109

	
+13.1
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Table 2. Results of mitigation Scenario-I (changes in population/herd numbers) in the total GHG emissions (×109 kg CO2-eq/year) at the national level.
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	Scenario-I
	Layers
	Broilers
	Backyards
	Total
	Difference (%)





	Baseline

(decade: 2011–2020)
	19.22
	21.12
	0.35
	40.69
	---



	S-Ia

(mortality improvement)
	19.67
	21.25
	0.35
	41.27
	+1.4



	S-Ib

(self-efficiency improvement)
	20.93
	27.42
	0.35
	48.70
	+19.7



	S-Ic

(decline of industrial population, increase in backyard)
	17.29
	19.01
	0.38
	36.68
	−9.8
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Table 3. Results of mitigation scenario-III (changes in manure management system) in total GHG emissions (×109 kg CO2-eq/year) at the national level.
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	Scenario-III
	Layers
	Broilers
	Backyards
	Difference (%)





	Baseline

(decade: 2011–2020)
	19.22
	21.12
	0.35
	-



	S-III_La 1

(dry-lot)
	16.54
	N/A
	N/A
	−13.9



	S-III_Lb 1

(pit-storage, dry-lot, solid storage)
	18.99
	N/A
	N/A
	−1.2



	S-III_Br_aa 2

(solid storage)
	N/A
	23.48
	N/A
	+11.2



	S-III_Br_b 2

(solid storage, manure with litter)
	N/A
	21.29
	N/A
	+0.8



	S-III_Bk_a 3

(daily spread)
	N/A
	N/A
	0.20
	−42.9



	S-III_Bk_b 3

(daily spread, pasture spread, solid storage)
	N/A
	N/A
	0.30
	−14.3







Scenarios S-III represent changes related to manure management in: 1 Layers (S-III_La, S-III_Lb), 2 Broilers (S-III_Br_a, (S-III_Br_b), and 3 Backyard populations (S-III_Bk_a, S-III_Bk_b) with respect to the baseline scenario (see Section 2.4.3). N/A represents no applicable parameters for the respective scenarios.
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