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In order to respond to increasing global food demand and provide for national economic growth, the Estonian 
Dairy Strategy for 2012−2020 aims to achieve a 30% growth in milk production. At the same time, there is a global 
attempt to reduce greenhouse gas (GHG) emissions. This paper analyses the medium-term (2015−2020) projec-
tions for milk production and associated GHG emissions from dairy cows in Estonia. The FAPRI-GOLD type market 
model of Estonian agriculture, which is used for projections of agricultural production, was supplemented with a 
module that helps project GHG emissions. The paper demonstrates the endogenisation of GHG emission factors 
in a relatively general agricultural market model context. The results imply that increasing milk production by 30% 
by 2020 would jeopardise Estonia’s commitments with regard to agricultural GHG emissions. However, the average 
GHG emission per tonne of produced milk will decline, thus reducing the “carbon footprint” of milk production.
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Introduction

In the coming decades, humanity faces a common challenge: how to increase food production to sustain global 
food security, while maintaining negative externalities at the lowest possible level, and potentially eliminating 
these with the help of advanced technologies (Ingram et al. 2010, OECD 2012a, OECD 2012b, Gerber et al. 2013). 
Climate change is one of the environmental problems related to the broader concept of sustainable agriculture 
that encompasses economic, social and environmental pillars (Von Keyserlingk et al. 2013). 

Several international agreements (United Nations Framework Convention on Climate Change [UNFCCC 2014a], 
Kyoto Protocol, EU Climate and Energy package) aim to reduce GHG emissions in the long term (EC 2014, EC 2015, 
UNFCCC 2014b, UNFCCC 2014c). From 1990−2012, in the EU the GHG emissions have declined by 19.2%, and in 
Estonia by 52.8%. In the agricultural sector, the respective cutbacks in emissions were 24.0% and 58.3% (Estonian 
CRF 2014, EU CRF 2014). One of the reasons behind the extensive decline of agricultural GHG emissions in Estonia 
is significant decline in agricultural output during the post-communist transition (Viira et al. 2009).

However, the decrease of milk production and associated GHG emissions is not one-way trend throughout the 
period from 1990−2014. While from 1990−2003 milk production in Estonia decreased by 49.4% to 611.5 thou-
sand tonnes, after the EU accession in 2004, by 2014, it has increased by 30.7% to 799.3 thousand tonnes. As a re-
sponse to elimination of the milk quotas in the EU, and expected increase in global demand for dairy products, the 
Estonian dairy strategy aims to increase annual milk production by further 1/3 to approximately one million tons 
by 2020 compared to 2012, foreseeing growth in average milk yields and the number of dairy cows (MoA 2012).

Milk and meat production emit the largest share of GHG (primarily CH4) in animal production (Casey and Holden 
2005, Bannink et al. 2011, O’Mara 2011, Gerber et al. 2013, Van Doorslaer et al. 2015). Estonia is required to en-
sure that GHG emissions in agriculture in 2020 do not exceed 111% of the 2005 levels (MoA 2013). Considering 
the 30.7% growth in milk production from 2003−2014, the aim to increase production by further 1/3 suggests 
that while Estonian agricultural sector probably has no problems with fulfilling the long-term target of 20% re-
duction of GHG emissions from 1990−2020, the dairy sector might exceed the allowed 11% growth of GHG emis-
sions in the medium-term (2005−2020). While realising the ambitious growth targets would contribute to eco-
nomic welfare in Estonian rural communities, and global food security, the dairy strategy pays less attention on 
environmental aspects of sustainability. 
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Thus, the paper aims to study the effects of increasing Estonian milk production by 1/3 on associated GHG emis-
sions. Rather than combining the production growth estimates with the static GHG emission factors, the GHG 
emissions are endogenised. The projections consider the effects of milk yield, milk fat and protein content, and 
changes in manure management systems on the GHG emission factors. For that purpose FAPRI-GOLD type partial 
equilibrium model (Hanrahan 2001, Meyers et al. 2010) of Estonian agriculture is complemented with a module 
for projections of GHG emissions from animal production based on IPCC (Intergovernmental Panel on Climate 
Change) Tier 2 methodology. Baseline projections are compared with the results of the particular scenario, which 
assumes accelerated growth in average yield and an increase in the number of dairy cows in order to achieve the 
production growth target set in the Estonian Dairy Strategy 2012−2020. 

The next section of the paper provides more details related to the problem and its background. Then, the over-
view is given about materials and methods used for complementing the Estonian agricultural model with a mod-
ule for projections of GHG emissions. After that, the results are presented and discussed, and the main conclu-
sions are drawn.

Background of the problem

Nowadays, climate change, and global warming in particular, is primarily associated with increasing anthropo-
genic GHG (carbon dioxide [CO2] and non-CO2 gases: methane [CH4], nitrous oxide [N2O], fluorinated greenhouse 
gases [F-GHG]) emissions, which, in the long-term, cause changes in all components of the Earth’s climate system 
(USEPA 2012, IPCC 2015).

While the energy sector is the main source of the CO2 emissions, agriculture is the biggest emitter of non-CO2 
gases (USEPA 2012, IPCC 2015). The main GHGs that originate from agriculture are CO2, CH4 and N2O. While agri-
cultural animals are the main source of CH4 and N2O emissions, CO2 emissions are associated with soils and agri-
cultural operations (e.g. fossil fuel use for field operations, manufacturing of fertilisers and animal feed) (Crosson 
et al. 2011, O’Mara 2011, Hristov et al. 2013, Van Doorslaer et al. 2015).

Due to the significant decline in agricultural GHG emissions, and agriculture’s relatively low (6.9%) contribution to 
total GHG emissions in Estonia (Estonian CRF 2014), the EU target to curb GHG emissions by 20% by 2020, com-
pared to 1990, are perceived as attainable. Furthermore, the low-income countries in the EU are allowed to in-
crease GHG emissions within certain limits.

In addition to projection of total GHG emissions and respective changes, studies of effects on climate often an-
alyse the GHG emissions per unit of produce. Several studies have shown that increase in average milk yields 
decreases GHG emissions per kg of milk, thereby reducing the carbon footprint of food production (MoE 2001,  
Casey and Holden 2005, Rotz et al. 2010, von Keyserlingk et al. 2013, AHDB 2014). Von Keyserlingk et al. (2013) 
outline feeding system, animal housing, manure collection, treatment and storage, and land application as the 
main factors that affect GHG emissions in dairy farms. Thus, the main alternatives for reducing GHG emissions 
in dairy farms in environmentally and economically sustainable way are: increase milk yields in order to produce 
the same quantity of milk with fewer cows, which assumes optimisation of feeding ratios, genetic selection, ani-
mal health and welfare attributes as well as reproduction strategies (Casey and Holden 2005, Gerber et al. 2013, 
Opio et al. 2013, Frelih-Larsen et al. 2014, Van Doorslaer et al. 2015); introduce improved feeding technologies 
that affect enteric fermentation in an environmentally friendly way and will not reduce milk yields (Grainger and 
Beauchemin 2011, Gerber et al. 2013, Opio et al. 2013); introduce manure management technologies that reduce 
GHG emissions and/or leakages and use manure for biogas production (Gerber et al. 2013).

For decades, milk production has been one of the most important agricultural sectors in Estonia. In 2014, milk 
comprised 27.8% of the value of Estonian agricultural output. While the number of dairy cows decreased by 
66.1% from 280.7 to 95.1 thousand from 1990−2014, milk production decreased by 33.8% from 1,208.0 to 799.3 
thousand tonnes due to the 97.1% growth in average yield (from 4,164 to 8,206 kg cow-1) (SE 2015). After the EU 
accession in 2004, the availability of subsidies for investments improved significantly, therefore Estonian dairy 
farmers have made substantial investments into new technologies, including housing, feeding, milking and ma-
nure management systems (MoA 2012). Therefore, the medium-term projections of GHG emissions in Estonian 
dairy sector should be conducted in a dynamic setting and account for the factors that affect GHG emissions, and 
changes in those factors. 
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Material and methods
Approaches for estimating GHG emissions

Two prevailing approaches for estimating GHG emissions are the IPCC methodology and life cycle assessment (LCA). 
The LCA approach facilitates estimating GHG emissions and the environmental effects of the whole (production) 
system, i.e. the effects arising from primary and secondary sources. It is based on a cyclical system of production 
and/or services and encompasses a range of activities from the production and logistics of inputs required for pri-
mary production to the utilisation of residues related to the use of the final products (“cradle-to-grave” approach). 
This approach requires determining bounds: the start and end points of the system. In animal production, the LCA 
approach often considers the GHGs emitted by animals (including manure management) as well as emissions re-
lated to feed production and land use (Casey and Holden 2005, SAIC 2006, Rotz et al. 2010, Crosson et al. 2011, 
Weiss and Leip 2012, Gerber et al. 2013). Several studies that have used the LCA approach have used GHG emis-
sion factors provided by the IPCC methodology or adjusted emission factors from previous research (Crosson et 
al. 2011, Weiss and Leip 2012, Lengers et al. 2013, Opio et al. 2013).

The IPCC guidelines provide a consistent, standard framework for estimating national GHG emissions. For this, 
national statistical data regarding energy and fossil fuel consumption, fertiliser sales, animal stock, land use and 
GHG emission factors for each activity are used. The source and precision of the emission factors (EF) play a cru-
cial role in the estimations of GHG emissions. The IPCC methodology allows for estimating non-CO2 GHG emis-
sions that originate from animal production according to the main sources: enteric fermentation (CH4) and ma-
nure management (CH4 and N2O). In this approach, the GHG emitted by dairy cows depends on the stock of ani-
mals and respective EF, which in turn depend on feeding ratios, feeding conditions, body weight and productivity 
of dairy cows as well as on manure management systems. The IPCC guidelines provide three levels of EFs for es-
timating GHG emissions. Tier 1 is a simplified approach that uses implicit EFs as provided in studies. It is used if 
the information necessary for applying Tier 2 is unavailable, or if the source categories of the GHG emissions are 
not the primary concern. The Tier 2 approach requires detailed information on livestock subcategories, their diets 
and management circumstances. Tier 3 requires detailed information about animal production (e.g. composition 
and quality of animal feeds) that could be retrieved from experimental measurements and studies (Bannik et al. 
2011, Crosson et al. 2011, IPCC 2014).

Various approaches have been used for projecting GHG emissions in animal production: the projection of animals 
stock combined with static EFs; the projection of EFs combined with fixed animal stock; and the combination of both 
projected EFs and number of animals. In ‘The possibilities for Estonia to reach a competitive low carbon economy 
by 2050’ report, the projections for GHG emissions are based on EFs as presented in Estonian NIR and three pro-
jections of animal stock, each using fixed annual growth rates until 2050 (Espenberg et al. 2013). Donnellan et al. 
(2013) used the FAPRI-Ireland partial equilibrium model to project GHG emissions. The projected emissions were 
a result of the projected number of bovine animals and EFs adjusted to Irish conditions. In the EcAMPA project re-
port (Van Doorslaer et al. 2015), an upgraded CAPRI model was used, which helped endogenously project animal 
stocks and EFs according to IPCC Tier 2 guidelines, by considering feed intake in gross energy, which can be esti-
mated, if necessary, from parameters that characterise animal needs, such as weight and milk yield. Several stud-
ies have analysed how to reduce GHG emissions from enteric fermentation by changing feeding (feed attributes, 
components, additives, quantities, etc.) (Bannik et al. 2011, Grainger and Beauchemin 2011, Hristov et al. 2013).

Estonian agricultural model
The Estonian agricultural model allows one to project medium-term developments in the production of agricultur-
al commodities, underlying animal stock, agricultural area and yields. An approach based on FAPRI-Missouri’s EU 
GOLD model (Hanrahan 2001, Meyers et al. 2010) is used to create the overall agricultural model, which includes 
several sub-models. The model consists of a system of equations that cover the dairy, beef, sheep, pigs, poultry, 
and grain and rapeseed sectors. There is also a block for welfare estimations (Põldaru et al. 2015). In the model, 
the prices of the main agricultural commodities depend on the world market prices. The model uses world mar-
ket prices of dairy products that are projected by global macroeconomic model of dairy production. That model 
considers five main regions of dairy production and consumption: EU, USA, China, Oceania and Russia. The pric-
es are determined by following factors: lagged (previous year) price, per capita consumption of dairy products, 
stocks, Euro/USD exchange rate, and oil price in world market (Põldaru et al., 2013).
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The model includes a GHG sub-model to project the CH4 and N2O emissions and their effect on the climate (CO2-
eq) from animal production (Fig. 1). As the model projects the number of dairy cows and milk yield, the study 
focuses on projections of CH4, N2O and CO2-eq that are based on the respective projections. CO2 emissions from 
livestock are not estimated because annual net CO2 emissions are assumed to be zero – the CO2 photosynthesised 
by plants is returned to the atmosphere as respired CO2 (IPCC 2014).

Although the N2O arising from manure left on grasslands during grazing (i.e. pasture, range and paddock) is usu-
ally accounted as an indirect N2O emission from soils (Crosson et al. 2011, IPCC 2014), this study includes it as a 
portion of GHG emissions from milk production. Therefore, the grazing of dairy cows is deemed a manure man-
agement system. The GHG EFs from enteric fermentation and manure management are in accordance with the 
Tier 2 methodology. Emission factors per cow are endogenous, depending on average yield, milk fat and protein 
composition as well as manure management systems. 

The study and the results are subject to several limitations. Figure 1 depicts that the study considers only CH4 
emissions arising from enteric fermentation of dairy cows, and CH4 and N2O emissions from manure management 
(IPCC approach). Therefore, the results of this study cannot be compared to the results of studies that have used 
LCA approach (e.g. Rotz et al. 2010, Crosson et al. 2011, Weiss and Leip 2012). Due to the lack of respective time-
series data, this study does not consider the effects of characteristics of feed, feeding situation and diet, average 
gross energy intake and average annual body weight of dairy cows, fraction of females that give birth in a year, 
which all would improve the precision of projections of EFs and GHG emissions. If one considers that in addition 
to milk, dairy cows produce also meat (culled cows), the arising GHG emissions could be divided between milk 
and meat production, which is not done in this paper.

The database of the Estonian agricultural model includes time series data from 1992−2013 and allows for making 
projections up to 2020. The data is mainly from Statistics Estonia. Use of relatively short time series is related to 
the restoring the independence of the Republic of Estonia in 1991 that implied a structural break in the society 
and economy (Viira et al. 2009). The economic data from the period of planned economy and market economy are 
incompatible. This is a common problem for most of the post-communist Central and Eastern European countries. 

According to the UNFCCC, Kyoto Protocol and EU GHG monitoring mechanism, Estonia submits annual National 
Inventory Report (NIR) and Common Reporting Format (CRF) tables that include GHG emission data from 1990 
up until the year before last (MoE 2013). As a source of historic GHG EFs for the period of 1990−2012, this study 
uses data from both the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2014) as well as Es-
tonian NIR and CRF data submitted in 2014. 
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Fig. 1. Simplified block scheme of the Estonian agricultural model (crop and animal production) and 
sources of GHG emissions from animal production (dashed line depicts the bounds of the analysis).
Source: Authors’ compilation.
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For evaluating agricultural GHG emissions, the Estonian NIR (and CRF) mainly use data from Statistics Estonia: num-
ber of livestock by livestock category and sub-category, data on milk yield per cow, crop yields and sown areas of 
field crops by crop type, volume of N fertilizers applied on agricultural soils, location of animal waste management 
systems. Other data sources include Estonian Animal Recording Centre (fat content of milk, percentage of cows 
that give birth), scientific publications (model of energy gross intake by pigs, feed digestibility of cattle and swine, 
nitrogen content of feed, etc.), and National Forest Inventory NFI (activity data on organic soils) (Estonian NIR 2014).

The Estonian agricultural model includes 112 stochastic equations and 142 entities. Stochastic equations are esti-
mated econometrically using annual data and are then solved simultaneously using two stage least squares (2SLS) 
and full information maximum likelihood (FIML). The Fair-Parke program is used for the estimation of model pa-
rameters (Põldaru et al. 2015). The results section of this paper presents the FIML estimations.

Two scenarios are compared in this study:

Scenario 1 (s1, baseline) is based on the situation in the milk market as of the 1st quarter of 2015. Considering the 
effects of the Russian import ban on raw milk prices in Estonia and in light of the abolishment of milk quotas in 
the EU, milk prices are expected to remain relatively low.

Scenario 2 (s2) considers that the Estonian Dairy Strategy 2012−2020 aims to increase Estonian milk production 
by 1/3. This scenario imposes accelerated growth in milk yield and an increase in the number of dairy cows, which 
is not explicitly modelled as a reaction to price growth or policies. 

In the following, a general overview is given about the equations directly involved in estimating GHG emissions 
from dairy cows. The definitions and descriptive statistics of variables in these equations are given in Table 1.

Milk production is a product of the number of dairy cows and the average milk yield per cow. The EF of CH4 of 
dairy cows from enteric fermentation depends on the energy that is required for subsistence, physical activity, lac-
tation, pregnancy, growth of body weight and on the share of digestible energy (IPCC 2014). The weight and milk 
yield of dairy cows affect the feed intake and enteric CH4 emissions (O’Mara 2011, Weiss and Leip 2012). In this 
study, it is assumed that the average weight of Estonian dairy cows has not changed from 1992−2012. According 
to Estonian NIR (2014) and CRF (2014), the average weight of dairy cows has increased by 2−3 kg due to changes 
in the structure of different breeds of dairy cows. However, considering the 97.1% growth in average milk yield 
from 1990−2014, one could suggest that the average weight of dairy cows has increased by 150−200 kg during 
that period. This could be taken into account in future analyses. 

If one assumes that the energy requirements of dairy cows for subsistence, activity, growth and pregnancy do not 
change significantly over time (i.e. the physiologic processes are normal), then the main factor that affects the EF 
of CH4 is energy requirements for lactation. Considering the average annual milk yield of 4,164 in 1990, 8,206 in 
2014 (SE 2015) and 9,140 or 10,099 kg cow-1 projected for 2020 according to s1 and s2, one could conclude that 
energy requirements for lactation increase along with the rise in average yields (Estonian NIR 2014). Net energy 
for lactation also depends on milk fat content (IPCC 2014). While average milk yields have increased in Estonia, 
average milk fat content has decreased (Fig. 2). 

Source: Estonian agricultural model’s database

Table 1. Definitions and descriptive statistics of key variables

Variable Definition Average SD Min Max Period
yield milk yield per cow, kg head-1 yr-1 5362 1479 3322 7990

1992−2013milk fat fat content of milk, % 4.19 0.10 4.00 4.34
milk protein protein content of milk, % 3.27 0.10 3.11 3.39

EF1m CH4 EF for enteric fermentation of 
cow, kg CH4 head-1 year-1 109.5 13.9 89.5 131.2

1992−2012MM1m CH4 EF from cow manure 
management, kg CH4 head-1 year-1 5.09 3.24 2.07 10.52

MM1d N excretion rate per cow, kg N head-1 
year-1 98.1 11.6 84.1 118.1
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The EF for CH4 for dairy cows from enteric fermentation is endogenous in the model:

                    (1)

In the model, milk fat content is a function of milk yield: an increase in average yields results in decreasing milk 
fat content (MoA 2012, Estonian NIR 2014). It should be noted that EFs entail certain degree of uncertainty, which 
depends on the availability of information that is used for the estimations. The respective uncertainty rates are 
provided in Estonian NIR (2014).

The emission of CH4 from manure management depends on the manure management system and the tempera-
ture of the environment. CH4 emission is affected by the manure quantity and the fraction of manure that is  
dissolved anaerobically. Manure handling in liquid systems increases CH4 emissions compared to solid storage sys-
tems and pasture, range and paddock (Amon et al. 2006). For Estonia, the effects of temperature (climate zones 
within country) are not relevant because Estonia belongs to the Atlantic continental region of the temperate zone 
and the average annual temperature is below 10 °C (cool climate according to the IPCC) (MoE 2013, IPCC 2014).  
According to the IPCC methodology, the EF for CH4 from manure management depends on volatile solid excretion 
per day on a dry-organic matter basis, which depends on gross energy consumption and the digestibility of the feed. 
Therefore, as in case of enteric fermentation, the EF of CH4 from manure management depends on energy intake.

Estonian CRF (2014) provides information about the proportional shares of manure managed in different systems. 
Up until 2001, two systems were used: solid storage systems and grazing. From 2002 onwards, the share of liquid 
systems began to increase. According to Estonian CRF (2014), the share of manure in liquid systems was 25.1% 
in 2012. However, according to estimations (MoA 2012), about 60% of Estonian dairy cows were kept in modern 
sheds with liquid manure systems in 2011−2014. In order to approximate the change in manure management 
systems from 2002−2014, it was considered that transition to liquid manure management systems is mainly re-
lated to investments that were done with the help of investment grants. Therefore, the investment grants relat-
ed to cowsheds and manure management were cumulated from 2002−2014. It was assumed that the cumulat-
ed sum of investment grants in 2014 corresponds with the estimated 60% of liquid manure systems in 2014. The 
increase in proportion of liquid manure systems between 2002 and 2014 was approximated based on this data 
and assumptions (Fig. 3). 

Fig. 2. Average milk yield, and milk fat and protein content from 1990−2014 (ELPR 2015, 
SE 2015)

𝐸𝐸𝐸𝐸1𝑚𝑚 = 𝑓𝑓(𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦, 𝑚𝑚𝑦𝑦𝑦𝑦𝑚𝑚 𝑓𝑓𝑓𝑓𝑓𝑓) 
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In the model, it was assumed that cows are grazed for 40% of the days in a year (146 days), 12 hours per day. Fur-
ther, it was presumed that only 30% of the cows kept in cowsheds with liquid manure system, are grazed, and 70% 
of the cows in such systems are kept indoors throughout the year. The allocation of manure in different systems, 
including grazing, was estimated based on these considerations. From figure 4 it can be seen that the proportions 
of different manure systems in the model differ from the assumptions in the Estonian NIR. 

In the projections of s1, the number of dairy cows remains relatively unchanged and, therefore, the structure of 
manure management systems is stable. In s2, it is assumed that if the number of dairy cows increases, the addi-
tional cows are housed in new sheds with liquid manure management systems. Therefore, in s2 the share of liq-
uid systems will increase during the projected period to 58.0%. The data from Estonian NIR (2014) are used as a 
background to estimate the effects of the various manure managements system assumptions on the estimations 
of GHG emissions.

It was assumed that if the physiologic processes are normal, the growth in milk yield results in increased energy 
consumption. Also, the CH4 emissions from manure management depend on changes in the structure of respective 
systems. In both scenarios, the same equation was used for estimating the EF of CH4 from manure management: 

                  (2)

where manure (%) is the fraction of manure managed in liquid systems (Fig. 4, manure systems in the model). 

According to the IPCC methodology, N2O emissions from manure management depend on manure nitrogen and 
carbon content. The amount of N2O emitted during the combined nitrification-denitrification process of nitrogen 
contained in the manure depends on the oxygen. This means that solid manure storage systems and manure left 
on grasslands foster N2O excretion. N2O emissions also depend on the average annual nitrogen excretion of dairy 
cows, which in turn depend on the nitrogen intake and nitrogen retention and content in milk (Estonian NIR 2014, 
IPCC 2014). In the case of dairy cows, nitrogen excretion (i.e. N content in the manure) depends on average milk 
yield and the average protein content of milk (Fig. 2), assuming that nitrogen intake and retention are relatively 
constant in the case of normal physiologic processes. The nitrogen excretion factor for dairy cows is estimated 
according to the following equation: 

      (3)

In the model, milk protein content is a function of average milk yield per cow. In Estonia, increasing average yield 
has resulted in increased milk protein content (Fig. 2). 

According to the IPCC methodology, the annual CH4 emission (Gg CH4 year-1) from enteric fermentation of dairy 
cows is a product of the number of dairy cows and the respective EF. The annual nitrogen excretion factor of dairy 
cows, structure of manure management systems, nitrogen N2O-N process factors in manure management systems 
and N2O EF of N2O-N emissions are taken into account when estimating the annual N2O emission (IPCC 2014).
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Fig. 4. Manure systems and changes in the structure of manure systems from 1992−2012 in Estonian NIR and in the 
model (Estonian NIR 2014, MoA 2012, ARIB 2015, ELPR 2015, SE 2015)

𝑀𝑀𝑀𝑀1𝑚𝑚 = 𝑓𝑓(𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦,𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑦𝑦) 

𝑀𝑀𝑀𝑀1𝑑𝑑 = 𝑓𝑓(𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑑𝑑, 𝑚𝑚𝑦𝑦𝑦𝑦𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑦𝑦𝑦𝑦𝑝𝑝) 
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In estimating the CO2-eq of the projected GHG emissions (global warming emissions) Global Warming Potential 
(GWP) for CH4, both 21 and 25 was used; for N2O, both 310 and 298 were used (IPCC 2007, Crosson et al. 2011, 
EPA 2013, IPCC 2014, UNFCCC 2014a). Therefore, it was possible to estimate the contribution of GHG emissions 
to the greenhouse effect in two ways.

In order to estimate the “carbon footprint” of milk production, the projected raw milk was converted to energy 
corrected milk (ECM) according to the milk standard of 4% fat and 3.3% protein (IFCN, 2015):

              (4)

Both, CH4 from enteric fermentation and manure management, as well as N2O and CO2-eq were estimated for one 
kg of ECM (kg GHG kg ECM-1).

Results and discussion

According to the projections, milk production will intensify in Estonia. By 2020, compared to 2014, the average 
milk yield will increase by 11.4% in the case of s1 and by 23.1% in s2 (Table 2). The projected number of cows in 
s2 is 109.2 thousand. Therefore, in s2, milk production would amount to 1.1 million tons by 2020. According to 
the projections of s1, there will be 95.5 thousand dairy cows in 2020 with average yield of 9,140 kg cow-1 and to-
tal milk production of 872 thousand tonnes. 

Table 2. The actual (1990, 2005, 2012, 2014) and projected (2015−2020) number of dairy cows, average milk yield, milk production 
and GHG emissions

1990 2005 2012 2014 2015 2020 Change from 
2014−2020, %

Cows, thousand heads
s1 280.7 112.8 96.8 95.1 95.3 95.4 0.3%

s2 280.7 112.8 96.8 95.1 101.3 109.2 14.8%

Yield, kg head-1 year-1
s1 4,164 5,886 7,526 8,206 8,259 9,140 11.4%

s2 4,164 5,886 7,526 8,206 8,531 10,098 23.1%

Milk production, thousand tonnes
s1 1,208.0 670.4 721.2 799.3 786.9 872.0 9.1%

s2 1,208.0 670.4 721.2 799.3 864.2 1,102.5 37.9%

GHG emissions GWP 21/310, Gg CO2-
eq year-1

s1 839.4 386.8 371.7 354.0 354.9 375.3 6.0%

s2 839.4 386.8 371.7 360.6 382.4 448.5 24.4%

GHG emissions GWP 25/298, Gg CO2-
eq year-1

s1 839.4 386.8 371.7 408.7 409.8 433.2 6.0%

s2 839.4 386.8 371.7 416.4 441.9 518.5 24.5%

GHG emissions per kg of milk GWP 
21/310, kg CO2-eq kg ECM-1

s1 0.687 0.561 0.510 0.453 0.452 0.443 -2.1%

s2 0.687 0.561 0.510 0.453 0.447 0.436 -3.9%

GHG emissions per kg of milk GWP 
25/298, kg CO2-eq kg ECM-1

s1 0.687 0.561 0.510 0.523 0.522 0.512 -2.1%

s2 0.687 0.561 0.510 0.523 0.516 0.504 -3.7%

The projected EF of CH4 from enteric fermentation (EF1m) will increase by 10.2% in s1 and by 15.7% in s2 (Fig. 5). 
The emissions of CH4 from enteric fermentation (MEf1) will increase in s1 by 8.6% and in s2 by 30.4%. While the 
growth in CH4 emissions is affected by the growth of respective EF and growth in the number of dairy cows, the 
relative growth in CH4 emissions remains below the growth figures for milk production. Therefore, the CH4 emis-
sions from enteric fermentation per kg of milk (ECM) will decrease by 6.4% in s1 and by 7.5% in s2 by 2020, com-
pared to 2012. This implies that productivity growth results in reduced GHG emissions per kg of milk (ECM), i.e. 
the relative negative effects of the production of kg of milk (ECM) on climate change will decline. 

𝐸𝐸𝐸𝐸𝐸𝐸 =  (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑚𝑚𝑝𝑝𝑝𝑝 ×  (0.383 ×  % 𝑓𝑓𝑓𝑓𝑝𝑝 +  0.242 ×  % 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑚𝑚𝑝𝑝 ×  0.7832) / 3.1138) 

Source: projections of the Estonian agricultural model, Estonian NIR 2014, Estonian CRF 2014, SE 2015
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The EF of CH4 from manure management (MM1m) will increase by 25.4% according to s1 and by 39.4% in s2 by 
2020, compared to 2012 (Fig. 6). By 2020, compared to 2012, the emissions of CH4 from manure management 
(MEs1) will increase by 23.4% in s1 and by 57.0% in s2. This growth is due to an increase in average yields, increase 
in the number of cows and increase in the proportion of liquid manure management systems in s2. Assuming that 
in the period 2014−2020 the share of liquid systems in manure management will increase to 58% and the share 
of solid manure systems will decrease to 28%, according to s2, the CH4 emissions from manure management per 
kg of milk (ECM) will increase by 11.1% in s2. In s1, the growth will be 6.2%.

The annual average nitrogen excretion factor (MM1d) per dairy cow will increase by 11.0% in s1 and 18.8% in 
s2 by 2020, compared to 2012 (Fig. 7). Compared to 2012 figures from NIR, annual N2O emissions from manure 
management (DEs1) will decrease by 29.1% in s1 and by 19.9% in s2. This decline is mainly due to the differences 
in manure management systems in NIR and in this study. Up until 2007, the NIR and our estimations regarding 
manure management systems do not differ significantly. However, since 2008, the difference is increasing and, in 
2012, the difference is already twice. If one considers the data used in the model, there is a 6.7% increase in N2O 
emissions according to s1 and a 13.6% increase according to s2. N2O emissions from manure management per 
kg of milk (ECM) will decrease 43.5% in s1 and by 47.5% in s2 by 2020. If the estimates projected by the model 
for both 2012 and 2020 are considered, then N2O emissions from manure management per kg of milk (ECM) will 
decrease by 9.2% in s1 and by 14.8% in s2. Compared to our projections, the NIR data on N2O emissions from 
manure management is underestimated. This implies that the data on manure management systems need to be 
further specified.

Fig. 5. Actual and projected EF of CH4 (EF1m, kg CH4 head-1 year-1) and CH4 emissions (MEf1, Gg CH4 
year-1) from enteric fermentation in 1993−2020 (projections of the Estonian agricultural model, 
Estonian NIR 2014, Estonian CRF 2014)

Fig. 6. Actual and projected EF of CH4 (MM1m, kg CH4 head-1 year-1) and CH4 emissions (MEs1, Gg CH4 
year-1) from manure management in 1993−2020 (projections of the Estonian agricultural model, Estonian 
NIR 2014, Estonian CRF 2014)
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According to the projections, the GHG emission from dairy cows in CO2-eq (CH4 GWP 21 and N2O GWP 310) will 
increase by 2020, compared to 2012, by 1.0% according to s1 and by 20.7% in s2 (Table 2). The majority (more 
than 70%) of the GHG emissions in CO2-eq, both in 2012 and 2020, are originating from enteric fermentation. 
GHG emissions from manure management contribute to 22% of total GHG emissions from dairy cows. According 
to projections, in 2020, CH4 emissions from manure management will contribute 7% and N2O emissions from ma-
nure management 15% of total GHG emissions from dairy cows. In 2012, these figures were 6% and 23% respec-
tively, implying that the adoption of liquid manure management systems increases the CH4 share and reduces N2O 
share as a source of GHG emissions.

If, alternatively, CH4 GWP 25 and N2O GWP 298 were used to estimate the global warming potential of GHG emit-
ted by dairy cows, then global warming emissions would increase by 16.5% according to s1 and by 39.5% accord-
ing to s2 compared to the GHG emissions in CO2-eq as reported in Estonian NIR and CRF.

Conversion of CH4 and N2O to CO2-eq reveals that different GWP factors change the estimated effects of GHG 
emissions on the environment. The increased use of liquid manure systems increases CH4 emissions and reduces 
N2O emissions. The negative effect of increased CH4 emissions in the case of GWP 21 is lower than the positive 
effect of reduced N2O in the case of GWP 310. As a result, the GHG emissions in CO2-eq will increase less than in 
the case of CH4 GWP 25 and N2O GWP 298 (Table 2). If the GWP of CH4 increases to 25, the negative effect of in-
creased CH4 emissions will then exceed the positive effect of reduced N2O (GWP 298) emissions.

The GHG emissions per kg of milk (ECM) in CO2-eq (CH4 GWP 21 and N2O GWP 310) will decrease by 13.0% in sce-
nario 1 and by 14.5% in scenario 2 by 2020, compared to 2012. In the case of CH4 GWP 25 and N2O GWP 298, the 
GHG emissions per kg of milk (ECM) in CO2-eq will decrease by 13.2% in s1 and by 11.8% in s2. 

Estonia is required to ensure that GHG emissions in agriculture in 2020 do not exceed 111% of the 2005 levels (MoA 
2013). According to s1, GHG emissions in CO2-eq will decrease from 2005 to 2020 by 3.0% in case of GWP 21/310, 
and will increase by 12.0% in case of GWP 25/298. In s2, the equivalent change in CO2-eq would be 16.0% in case 
of GWP 21/310 and 34.0% in case of 25/298. This implies that realising the production growth target of Estonian 
dairy strategy would jeopardise Estonian commitments related to agricultural GHG emissions, indicating a discrep-
ancy between the two strategies. In order to address this mismatch, the dairy strategy should associate the growth 
targets with appropriate measures that help to reduce the GHG emissions: e.g. introduction of improved feeding 
technologies as suggested by Grainger and Beauchemin (2011), Gerber et al. (2013), Opio et al. (2013); and intro-
duction of manure management technologies that reduce GHG emissions as suggested by Gerber et al. (2013).

There results suggest that both the data on the manure management systems and various GWP coefficients have 
an effect on estimated GHG emissions. This further illustrates that the projections of GHG emissions and evalua-
tion of the effects of policies on the reduction of GHG emissions has scope of some uncertainty. 
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Conclusions

The scope of this study was limited to the analysis of GHG emissions arising from the enteric fermentation of dairy 
cows and associated manure management. However, having regard for the limitations of the study, the projected 
results illustrate that achieving the economic targets of Estonian dairy strategy (increase milk production by 1/3 
by 2020) would cause increase in GHG emissions that exceeds the growth agreed upon in current agreements. 

The projected increase in milk production by 37.9% by 2020 will result in a 24.5% increase in GHG emissions (CO2-
eq). This implies that increasing the milk yield per cow will result in reduced GHG emissions (“carbon footprint”) 
per kg of milk. The results of the study reveal that the estimates of GHG emissions also depend on the assump-
tions and information about the manure management systems (technologies) used in the farms. 

The study showed that modelling the GHG emissions in the framework of partial equilibrium model of Estonian 
agriculture, enables to get more justified results compared to approach, where projected of number of animals is 
multiplied with static emission factors in order to get the total GHG emissions from agricultural sub-sectors. In the 
light of these results, the stakeholders of the process of Estonian dairy strategy could review the set of environ-
mental measures in order to better balance the economic and environmental aspects of sustainable agriculture.

However, in the future, the comparison of projected GHG emissions and agreed emission targets should be ana-
lysed in a more holistic system that accounts also for other sub-sectors of animal and crop production. Considering 
that besides milk production, Estonian agricultural model includes the projections of other animal production, 
production of cereals and oilseeds, the model could be complemented with modules for estimations of respec-
tive GHG emissions.
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