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Abstract: Increasing pressures surrounding efficiency and sustainability are key global drivers in
dairy farm management strategies. However, for numerous resource-based, social, and economic
reasons sustainable intensification strategies are herd-size dependent. In this study, we investigated
the environmental impacts of Latvia’s dairy farms with different management practices. The herd
size-dependent management groups varied from extensively managed small herds with 1–9 cows,
extending to stepwise more intensively managed herds with 10–50, 51–100, 100–200, and over
200 milking cows. The aim is to compare the environmental impacts of different size-based production
strategies on Latvia’s dairy farms. The results show that the gross greenhouse gas emissions differ
by 29%: from 1.09 kg CO2 equivalents (CO2e) per kg of raw milk for the farms with 51–100 cows,
down to 0.84 kg CO2e/kg milk for farms with more than 200 cows. However, the land use differs
even more—the largest farms use 2.25 times less land per kg of milk than the smallest farms. Global
warming potential, marine eutrophication, terrestrial acidification, and ecotoxicity were highest
for the mid-sized farms. If current domestic, farm-based protein feeds were to be substituted with
imported soy feed (one of the most popular high-protein feeds) the environmental impacts of Latvian
dairy production would significantly increase, e.g., land use would increase by 18% and the global
warming potential by 43%. Environmental policy approaches for steering the farms should consider
the overall effects of operation size on environmental quality, in order to support the best practices
for each farm type and steer systematic change in the country. The limitations of this study are
linked to national data availability (e.g., national data on feed production, heifer breeding, differences
among farms regards soil type, manure management, the proximity to marine or aquatic habitats)
and methodological shortcomings (e.g., excluding emissions of carbon sequestration, the use of
proxy allocation, and excluding social and biodiversity impacts in life-cycle assessment). Further
research is needed to improve the data quality, the allocation method, and provide farm-size-specific
information on outputs, heifer breeding, manure storage, and handling.
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1. Introduction

Dairy production systems are important and complex sources of environmental im-
pacts including global warming, nutrient losses, water and land use [1]. The sustainable
intensification of animal production is generally promoted as a way to mitigate these
environmental impacts while increasing productivity [2,3]. Nevertheless, the dairy sector
has shown a global trend toward intensification [4].

During the last decades following the global trend, dairy cow management systems
in Latvia are intensifying rapidly [5–7], i.e., the role of grazing has decreased, and indoor
feeding and high protein diets have increased. This intensification process has been in
parallel with the concentration of the dairy industry, where small farms leave the market
whereas the most competitive farms continue growing and increasing their herds [7].
Nevertheless, the dairy systems in Latvia are still very diverse and are largely determined
by the number of cows in a herd. Eighty-four percent of the dairy farms are small—less
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than 10 animals per farm—producing 18% of the country’s raw milk. Most of them are
self-sufficient farms that do not deliver dairy products to the market. A similar situation
exists in many Eastern European countries as well as in developing countries [8–10].

Data obtained from a survey in Latvia shows significant differences in milk yield
depending on the size of the herd (see Table 1). Milk yield depends on diet and the cows’
ability to consume dry matter (DM) [11]. While consumption of DM is affected by the
quality and digestibility of feed and the optimum ratio of roughage and feed concentrate
in the feed ration [12], diets, on the other hand, are linked to the size of the herd affecting
the milk yield. The average milk yield of the farms that graze their dairy cows is lower
than that of the farms who do not graze their dairy cows [13].

Table 1. Description of the technical management routes.

Factors Dairy Farm
(1–9)

Dairy Farm
(10–50)

Dairy Farm
(51–100)

Dairy Farm
(101–200)

Dairy Farm
(>200)

Total/
Average Sources

Number of farms 14,463 2295 306 131 91 17,286 CSB [6]
Number of cows 33,717 45,514 20,758 17,605 36,430 154,024 CSB [6]

The average
number of cows on

the farm
2 20 68 134 400 Calculated

% of total (farms) 84% 13% 2% 1% 1% Calculated
% of total (cows) 22% 30% 13% 11% 24% Calculated

Average milk yield
kg/cow/day 19.5 20.1 23.3 27.1 29.4 Calculated from

ADC [14]
Average milk yield

kg/cow/year 5961 6139 7116 8269 8979 7147 ADC [14]

Average fat
content (%) 4.17 4.17 4.18 4.13 4.04 4.07 Calculated from

ADC [14]
Average protein

content (%) 3.26 3.25 3.3 3.33 3.36 3.32 Calculated from
ADC [14]

Total milk yield
(kg/year) 201.0 279.4 147.7 145.6 327.1 1 101 Calculated

% of total milk
yield 18% 25% 13% 13% 30% Calculated

Fat and protein
corrected milk

(FPCM)
(kg/cow/year)

6066 6242 7272 8419 9064 7218 Calculated

Apart from the milk yields and diets of different size dairy farms, they also differ
by other parameters, e.g., the milking technologies and cowsheds (heat-insulated and
uninsulated) used [13], as well as the cow breeds. Two dairy cow breeds account for almost
75% of the total dairy cows in Latvia—Latvian Brown, and Black and White Holstein.
However, there is no reliable data that shows how these factors create differences in
a farm’s output among different farm sizes.

Empirical research on the environmental effects of intensification shows that increased
dairy production per ha leads to increased impacts per ha, but environmental impacts per
kg of raw milk are not as clear [15]. Other studies show that increasing milk production
per ha may lead to reduced global warming potential (GWP) per kg of milk [16,17] and
improvements in feed efficiency, fertility, and cow longevity are important parameters to
reach increased milk yield and lower climate and land footprints per kg of milk [18,19].

This study aims to compare the environmental impacts of raw milk production by
different size dairy farms in Latvia. The goal was to use the life-cycle impact assessment
(LCA) method to gain insights into differences among farms in terms of their environmental
impacts. In addition, the effect of protein feed substitution is also assessed. These results
will help better tailor environmental policies to different size farms, and thus decrease the
environmental impacts of dairy farming.
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2. Materials and Methods

Life-cycle assessment (LCA) is a widely acknowledged and standardized method to
evaluate environmental impacts during the entire life cycle of a product (ISO, 2006). There-
fore, we developed the LCA model to capture the most important interactions in complex
dairy production systems and determine cradle-to-farm gate (all processes involved in
milking farms and production of inputs used in farms) environmental impacts of milking
cows in Latvia.

Thus, the model describes the diversity in diets and the main inputs (energy, water,
and minerals) for different milking farm management strategies in Latvia. More specifically,
the system boundaries of this study include the following processes and flows: emissions
from manure storage and application and enteric fermentation by ruminants, direct and
indirect emissions from animal feed, energy, and water use. Diet composition is an input to
this module which includes the cultivation and processing emissions of all feed resources,
such as grass (including grazing and hay), alfalfa and maize silage, fodder, roots, as well as
molasses, rapeseed expeller and meal, salt, minerals, and vitamins. However, infrastructure
and machinery are excluded from the scope of this study.

Although heifers are an important part of the dairy production system, the growing of
heifers could not be included in this study as the database used does not have information
on heifer rearing processes. Heifer rearing would need a specific study because there are
also big differences in the existing production practices. Small farms mostly grow the
heifers in the same farm, heifer farming being a side role of the farm. Big farms, however,
mostly buy heifers externally from farms that specifically concentrate on heifer farming.

In LCA, the environmental impact is expressed per functional unit, which in this study
was one kg of fat and protein corrected milk (FPCM) leaving the farm-gate, which allows
us to compare the environmental impacts of different farming systems—the farms with
different herd sizes. The following equation was used to calculate FPCM [20]:

FPCM (kg/a) = milk (kg/a) × ((0.1226 × fat %) + (0.0776 × protein %) + 0.2534)) (1)

Dairy farms generate several outputs to the technosphere. The herd at the average
Latvian dairy farm consists of nine dairy cows. Dairy cows which are severely injured
or old are slaughtered and hardly any male animals are kept, while most female calves
are kept and raised for herd replacement. Most of the male calves and a small number
of the female calves which are not needed for herd replacement are sold shortly after
birth. Therefore, the environmental impacts in this study have been allocated across these
co-products utilizing a proxy mass-based allocation approach—raw milk (85.95%), cows
for slaughter (12.35%), and calves (1.7%) [21]. In this study these percentual allocations are
applied equally across all the farms as we are missing farm-size-specific information.

Most of the data were collected from secondary sources (see Table 1). Data on herd
sizes were obtained from the Central Statistics Bureau (CSB) database [6]. Information
about the protein and fat content in the milk for different size farms, used to calculate the
FPCM, was obtained from the national Agriculture Data Center (ADC) [14]. These are
reliable data sources that are also used in the national inventory to calculate agricultural
gross greenhouse gas (GHG) emissions [22].

Diet composition as kg dry matter per cow (see Table 2) and average daily nutrient
provision in feed rations for cows in different size farms (see Table 3) were obtained from
the survey done by Degola et al. [23], where they obtained data about feed intake values
in different size herds from 24 animal feeding experts from the Latvian Rural Advisory
and Training Centre. It should be mentioned that the dietary intakes in Table 2 represent
average data for each of the fodder in a particular farm group. In smaller farms, there is a
wide diversity in feeding strategies, and thus the daily intake in DM differs from the daily
DM consumption per cow in Table 3. However, feed related impact calculations are based
on the total daily DM consumption from Table 3. Emission factors of feed production were
obtained from a life-cycle inventory data from the EcoInvent 3 database [21].



Sustainability 2021, 13, 784 4 of 12

Table 2. Average daily feed intake per cow in different management groups (kg DM).

Dairy Farm
(1–9)

Dairy Farm
(10–50)

Dairy Farm
(51–100)

Dairy Farm
(101–200)

Dairy Farm
(>200)

Grass 8.1 3.3 2.5 1.8 2.6
Haylage/grass silage 5.3 7.1 6.7 5.2 6.6

Alfalfa silage 9.6 8.4 8.3 6.1 4.7
Straw 1.2 0.6 0.4 0.8 0.7

Corn silage - 1.1 1.2 2.8 4.2
Fodder oat 0.9 1 1 1.1 1.2
Fodder pea 2 2.1 2.2 2.5 2.7
Mixed roots 1.8 1 - - -

Molasses 0.3 0.4 0.4 0.4 0.5
Expeller and meal 0.5 0.8 1 1.6 1.4

Source: Degola, Cielava, Trūpa and Aplocin, a [23].

Table 3. The average daily nutrient provision in feed rations for cows in different management groups.

Dairy Farm
(1–9)

Dairy Farm
(10–50)

Dairy Farm
(51–100)

Dairy Farm
(101–200)

Dairy Farm
(>200)

Daily DM consumption, kg 16.7 20.9 23.5 22.3 24.6
Crude protein, g 2388 2743 2528 2745 3259

Crude fats, g 594 537 668 701 724
Crude fiber, kg 5.6 5.8 4.5 7.0 5.5

Nitrogen free extract, kg 10.3 10.5 9.9 11.0 13.1

Source: Degola, Cielava, Trūpa and Aplocin, a [23].

We also had to use several assumptions to differentiate the farms. For heating energy
use we assumed that the smallest farms (1–9 cows) were using non-heated barns, while
other farms (>9 cows) were using wood biomass for the milking room heating [24]. Elec-
tricity consumption was differentiated based on the assumption that smaller farms are not
using power for ventilation, milk cooling, and milking (see Table 4). However, we have
to acknowledge that some of the information is missing and not covered by this study,
e.g., the proximity of the farms to marine or aquatic habitats or a difference in soil quality,
fertility, type, and topography among farm sizes.

Table 4. The annual energy consumption in different management groups.

Dairy Farm
(1–9)

Dairy Farm
(10–50)

Dairy Farm
(51–100)

Dairy Farm
(101–200)

Dairy Farm
(>200)

Electricity consumption,
kWh/cow 246 289 421 487 524

Heat consumption,
MJ/cow - 179 417 483 520

The cumulative life-cycle inventory data were assessed at the mid-point level using
the ReCiPe 2016 (H) V1.02 method. Following the most relevant environmental impact cate-
gories for dairy production proposed by the European Dairy Association [25], assessments
were made of:

• Gross GWP— GHG emissions from cattle (feed production, enteric fermentation, and
manure), excluding carbon sequestration, expressed in kg CO2 equivalents (CO2e);

• Acidification terrestrial—NOx, NH3, or SO2 related emissions expressed in kg SO2
equivalents (SO2e);

• Marine eutrophication—emissions of nitrogen to water and soil expressed in kg N
equivalents (Ne);
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• Freshwater eutrophication—emissions of phosphorus to water and soil expressed in
kg P equivalents (Pe);

• Land use—dairy products being at the top of the food pyramid play important role in
the competition for arable land through feed production and grazing areas, and thus
have a significant impact on terrestrial species via change of land cover and the actual
use of the new land expressed in m2 of crop equivalents (cropeq.) [26];

• Water use—the use of water (m3) in such a way that it is evaporated, incorporated
into products, transferred to other watersheds, or disposed into the sea [26];

• Fossil resource scarcity—the dairy supply chain is still heavily reliant on fossil fuel
use in feed production, transport, as well as on-farm activities. Fossil resource scarcity
(kg oileq.) is defined as the ratio between the energy content of the fossil resource x
and the energy content of crude oil, and is based on the higher heating value of each
fossil resource (crude oil, natural gas, hard coal, brown coal, and peat) [26].

Additionally, we analyzed freshwater ecotoxicity as we believe it is one of the key
issues for sustainable agriculture and that dairy farmers can perform actions to reduce the
toxic impact of dairy production on ecosystems [11]. Sometimes insecticides are also used
directly on the animal to protect them from insects during hot summer days. However,
because of the lack of reliable data, this is not included in the study.

With regards to the GWP, in this study, we tried to cover all the major emissions,
but because of the lack of reliable data, soil carbon sequestration is not included in the
calculation of the carbon footprint of crop production in this study. Similarly, nitrogen
fixation by plants is excluded from the study as it is a soil quality dependent process and
soil data for the different farm types is not available.

Annual methane emissions from enteric fermentation per cow were calculated
using the following equation, provided by the United Nations Food and Agriculture
Organization (FAO) [2]:

Annual CH4 emission = ((DMa × Ym/100)) × (18.55/55.65) (2)

where:

- DMa is the annual consumption of dry matter;
- The methane conversion factor (Ym) value of 6.5 is realized at a digestibility of 65%

(according to the IPCC 2006 guidelines at Tier 2 level);
- The factor 55.65—the energy content of methane (MJ/kg CH4).
- The factor 18.45—Energy intensity of feed (MJ/kg DM).

Methane emissions from enteric fermentation were calculated to be from 85.8 in the
small farms to 148 kg CH4 cow−1 year−1 in the largest farms (>200 cows). The average
annual national methane emission factor was calculated to be at 118 kg CH4 cow−1, while
the national methane emission factor used for the year 2016 in the National Inventory was
136 kg CH4 cow−1 year−1 [22]. Latvia uses a higher emission factor for dairy cows based
on a different feeding situation that is not fully characterized as stall-fed (set for Tier 1).
Besides, the digestibility used for calculations of emission coefficient is lower (65% against
70% for Tier 1).

Methane emissions depend on the composition and amount of manure produced
(anaerobic conditions, found at the bottom of deep lagoons, increase methane emissions)
and the type of storage used [2]. Methane productivity is also determined by the quantity of
volatile solids in the manure which depends on the digestibility of feed—low digestibility
feed results in a high amount of volatile solids in manure which are then converted to
methane. In Latvian small farms, milk cows are still mainly stanchioned, producing
farmyard manure, but with increasing intensification there is a gradual transition to the
producing of liquid manure [27]. It is expected that the diets of cows (high levels of grass
and silage) on the smaller farms will result in higher N excretion because the amount and
form of the N excreted is affected by the concentration and ruminal degradability of crude
protein in the diet. However, it should be noted that these factors are not fully considered
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in this study as there are no data available on manure management for the different sizes of
farms in Latvia. Therefore in this study, annual methane emissions of manure management
and N excretion rates for dairy cows were taken from the national inventory and are set as
17.28 kg CH4 cow−1 year−1 and 113.9 kg N cow−1 yr−1 respectively [22].

3. Results

The analysis of the environmental impacts of milking cows by farms practicing differ-
ent management systems in Latvia shows that the relationship between farm management
practices/size and environmental impacts is not straightforward, i.e., in some impact cate-
gories (water footprint and land use) the small farms create the most burden, but in other
categories (e.g., global warming, marine eutrophication, fossil resource scarcity, terrestrial
acidification) the highest impacts are caused by the mid-sized farms (see Table 5).

Table 5. Results of the characterization: comparison between environmental pressures of different size dairy farms in Latvia
per kg of FPCM.

Impact Category Unit Dairy Farm
(1–9)

Dairy Farm
(10–50)

Dairy Farm
(51–100)

Dairy Farm
(101–200)

Dairy Farm
(>200)

Coefficient
of Variation

GWP kg CO2e 0.88 1.02 1.09 0.93 0.84 10%
Terrestrial

acidification kg SO2e 0.015 0.016 0.016 0.014 0.013 8%

Freshwater
eutrophication kg Pe 0.0002 0.0002 0.0002 0.0002 0.0001 22%

Marine
eutrophication kg Ne 0.0018 0.0025 0.0037 0.0027 0.0018 28%

Freshwater
ecotoxicity

kg 1,4
Di-chloro-
benzene
(DCBeq.)

0.0061 0.0073 0.0068 0.0057 0.0042 18%

Land use m2 cropeq. 1.71 1.42 1.35 1.03 0.76 26%
Fossil resource

scarcity kg oileq. 0.054 0.060 0.062 0.051 0.039 15%

Water use m3 0.099 0.049 0.040 0.030 0.028 53%

For all the farms, the largest GWP is associated with enteric fermentation and manure
(see Figure 1). For smaller farms, these factors account for 61% of the GWP, but for farms
with 200 or more cows these factors account for 68% of all the impact per kg of raw milk
produced. The second most important process is alfalfa-grass silage, which peaks (15% of
GWP) in the mid-sized farms. The next most important factor is concentrates (in our case
pea and oat), which combined accounted for 9 to 15% of GWP. These feed-related GHG
emissions are mostly from the energy used in field management and harvest. Emissions
associated with electricity production are responsible for 2 to 3% of GWP, but in this case,
smaller farms have relatively smaller electricity consumption than larger farms. Results
for GWP depend mainly on different diet efficiencies and energy use. Global warming
potential in our study varies from 1.1 kg CO2e/kg of milk from the farms with 51–100 cows
to 0.84 kg CO2e/kg of milk from farms above 200 cows. Thus, the national average gross
GWP is 0.9 kg CO2e/kg of raw milk, but GWP per cow is between 5200 kg of CO2e in the
smallest farms and 7700 kg of CO2e in the farms with 51 to 100 cows (see Table 6). The
total cradle-to-farm gate GWP of the milking cows in Latvia is estimated to be 1 million
tons of CO2e.
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Figure 1. Global warming potential (t CO2e/t milk) for different dairy systems in Latvia.

Table 6. Annual GWP and land use for different management groups.

Impact Category Units Dairy Farm
(1–9)

Dairy Farm
(10–50)

Dairy Farm
(51–100)

Dairy Farm
(101–200)

Dairy Farm
(>200) Average/Total

GWP—Total 1000 t CO2e 176.0 284.4 160.6 134.7 275.7 1031
GWP per cow kg CO2e 5219 6248 7736 7654 7568 6696

Land use—Total million m2 342.8 396.1 200.1 150.2 248.2 1 337
Land use per cow m2 10,167 8703 9640 8532 6812 8683

One of the important impact categories is land use, which from all the parameters
analyzed has the highest coefficient of variation among the different farm sizes (26%).
Land use linearly decreases from 1.02 ha per cow in the smallest farms to 0.68 ha in
the largest farms (see Table 6). To produce 1 kg of raw milk the smallest farms require
1.71 m2 (including pastures), but the largest farms require only 0.76 m2 of land. The main
contributors to the land use in the smallest farms are grass (50%) and protein feeds (27%),
but as the farms intensify the role of grass decreases. Therefore, for the largest farms, the
main contribution to land use is from protein pea (29%), grass (21%), alfalfa-grass silage
(17.5%), and oat (14%). The method used to assess land use does not specify different land
use categories, such as more or less productive agricultural lands.
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Water footprint includes green (rainfall) and blue (freshwater stored in lakes, rivers,
and aquifers) water use. The water footprint per kg of milk significantly decreases as
farms get larger because the main contributor to water footprint is green water for grass
production—which ranges from 88.6% in the smallest farms to 59.6% in the largest. Blue-
water footprint (mostly used as drinking water for cows) accounts only for 1.7% of the
water footprint in the smallest farms, increasing to 6.3% in the largest.

The differences in terrestrial acidification among the different size farms are minor
(the coefficient of variation is 8%; see Table 4), but the impacts are highest for the farms
with 10–50 cows and decreases for the largest farms. The largest contributor to terrestrial
acidification for all the farms is ammonia emissions accounting for 53–67.5% of all impacts,
but the next most important process is the growing of grass in pastures on the dairy farms
due to manure from cows which is responsible for 17–24%. As ammonia accounts for most
of the terrestrial acidification, the rankings are likely related to the amount and ruminal
degradability of the protein as well as a level of milk production. As a result, it would seem
that the amount of acidification could be constant across herd sizes if diets and cow genetic
potential were equalized.

In the case of marine and freshwater eutrophication, the largest environmental impacts
are on farms with 10–100 cows. The differences in these parameters among different man-
agement groups are large, with the coefficient of variation being 22% and 28%, respectively.
Nitrogen flows into marine waters is estimated to be from 0.0037 kg Ne per kg of raw milk
from the farms with 51–100 cows to 0.0018 kg Ne in the largest farms (see Table 4). The
main contributor to marine eutrophication from milk production on the larger farms is
alfalfa-grass silage feed (46% of all the impact from the farms with 51–100 cows to 30% in
the largest farms), followed by grass grown at the farm (18–26%). However, for the smaller
farms, the main processes contributing to marine eutrophication are grass and oat, which
combined contribute more than 70% of all impacts. With regards to freshwater eutrophica-
tion, the two management groups which include the smallest farms (up to 50 cows) have the
highest impact—0.00023 kg Pe/kg of FPCM. However, the main contribution to freshwater
eutrophication from all the farms is from grass, followed by oat and alfalfa-grass silage.

Additionally, for freshwater ecotoxicity the largest environmental impact is from farms
with 10–50 cows. The largest contributors are concentrates (oat ~30% and pea (24–31%))
(see Table 4). Alfalfa-grass silage is also responsible for a significant part of freshwater
ecotoxicity—contributing 18% of all the terrestrial ecotoxicity impact from the smallest
farms to 13% from the largest farms.

The results of our study demonstrate that the production of one kg of milk needs
37–62 g of oil equivalent fossil resources (see Table 4). In this case, the highest fossil
resource intensity is for farms with 51–100 cows. The main contributors are production of
alfalfa-grass silage (13–26%), protein feeds (17–25%), and fertilizer (P) (10–15%).

Additionally, we looked at changes in the environmental impacts of supplementary
protein substitution. In this case, we analyzed substituting pea in the combined feed with
soy, as it is increasingly entering the market as a high-protein feed for dairy cows in Latvia.
For this, we used global process data on the environmental impacts of soy meal production
from the Ecoinvent database [21]. Results demonstrated that most of the environmental
impacts would increase, e.g., GWP for the farms with 10–50 cows would increase by 57%
and for the largest farms by 32% (see Figure 2), but on average GWP per kg of milk would
increase by 43%. As a result of the substitution, the land use in the smallest farms would
increase by 12% and for other farms by 19%, on average increasing the land use of raw
milk production by 18%. These increasing impacts are mostly linked to the soy production-
related land-use change, domestic transport, and industrial processing [28]. However, it
can also be assumed that introducing soybean meal to the diets of the dairy cows would
decrease the protein supplement fed to keep the diets isonitrogenous.
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Figure 2. Impact on land use and GWP per kg of FPCM if pea in cow diet was substituted by soy.

4. Discussion and Conclusions

Our results show that the environmental impacts of milking cows are different on
farms with different management strategies. For some of the impact categories, e.g., global
warming, marine eutrophication, terrestrial acidification, and ecotoxicity, the highest
environmental impacts are for mid-sized farms with 10 to 50 cows. In general, the trend
of most environmental impacts is decreasing as the farms increase in size, thus partly
confirming that many of the environmental impacts assessed here decrease with increasing
milk yields [29–31]. However, the smallest farms perform worse than the mid-sized farms
with 10–50 cows only in two out of eight environmental impact categories.

The largest farms (>200 cows), through increasing protein content in their feed and
choosing more productive breeds, have managed to significantly increase their milk yields
and thus, also improve the environmental performance on certain environmental impact
categories of production. Our results demonstrate that dairy system intensification gener-
ally provides a significant decrease in all of the impact categories assessed, when measured
per kg of raw milk. The most significant reduction was observed for water and land
use. These results are somewhat different from others that argue that intensification de-
creases eutrophication and land use per kg of raw milk but has no clear effects on other
impact categories.

In our study, for all the farms enteric fermentation had the largest impact on the GWP,
followed by feeds (alfalfa, protein feeds, and grass) and electricity consumption. Increasing
the consumption of concentrated feeds in the largest herds lead to higher milk yields and
thus, helped to decrease relevant environmental impacts. The global warming potential
of the raw milk at the farm gate in different LCA studies varies significantly—from 0.9 to
2.4 kg CO2e per kg of milk [27,32]. Results from our study are on the bottom line of this
spectrum. This could be explained with the scope of the study excluding heifer rearing,
which could increase the global warming potential of the milk by roughly 1/5 [33].

Differences in the environmental impacts of different farms can be explained by
differences in feeds and diets of lactating cows as well as by differences in energy use
of these farms, as the smallest farms are less energy-intensive in their performance but
are more reliant on grazing (grass consumption). Higher milk yields are obtained in the
larger farms, which have been achieved by incorporating proteins that are more resistant
to ruminal degradation—soy or pea protein may be more efficiently used than proteins in
forages like alfalfa.
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It should be also noted that dairy cows in traditional systems provide other essential
services, e.g., biodiversity protection and the conservation of cultural landscapes [34].
Unfortunately, as in the current study, these grazing benefits (e.g., carbon sequestration,
biodiversity) are excluded due to the lack of approved assessment methods, and thus
intensive systems are likely favored [35]. As a result, our study highlights the potential con-
flict between GHG emission and land use efficiencies and other environmental objectives,
similar to Edwards-Jones et al. [36], and further emphasizes the need for the development
of scientifically robust methods to assess carbon sequestration, biodiversity, and social
impacts. Carbon sequestration is not covered by this study, but it is clear that optimized
grazing, pasture improvement, and the restoration of degraded pastures are critical in
increasing grassland carbon sequestration [37].

In addition, the specification and characterization of land and water use by different
areas and crops could provide more insights. Grass production often takes place in areas
unsuitable, or at least economically not profitable, for other crop production. Thus, the
higher land use of small farms (of which 50% is of grass) may not reflect the higher land
use of highly productive agricultural land. Similarly, the method used to assess water use
in the paper does not reflect water availability or scarcity. Thus, also regarding water use,
the higher impact of small farms may not reflect an actual higher water consumption of
scarce water resources.

We can also assume that smaller farms tend to use cultivated local protein feeds which
have a relatively lower environmental impact than the soybean byproducts commonly
used in larger conventional farms. From this study, the total national pea consumption
is estimated to be 157 thousand tons of peas a year. According to the FAO data in 2017
only 29.5 thousand tons of dry pea were produced in Latvia [38]. However, not all of the
on-farm production of peas for domestic consumption is included in the national statistics.

It should be also considered that soy (one of the most popular high-protein feeds)
production results in other social-ecological impacts [39], e.g., land acquisitions [40] and
biodiversity loss [41], which are not properly covered by this study. In assessing soy
production-related climate impacts, it would be also important to include LUC-related emis-
sions. Additionally, local characterizations of water use to reflect a scarcity of water would
improve the understanding of the water use of different crops from different countries.

One of the main policy recommendations from this study is to differentiate the pol-
icy approach to different size dairy farms in Latvia. The largest problems are with the
management of farms with a herd size of 10–50 cows as they have some of the highest
environmental impacts because their feeding strategy does not deliver higher milk yields.
These farms should receive better training in feeding strategies as most likely they are
overfeeding their cattle. Farms with a diverse range of cow breeds should also develop
diversified feeding strategies for each of the breeds. The use of an automatic feeding system
normally linked to milking robots could help to do this, as they increase the possibility of
controlling the nutritional value of feed concentrates for each particular cow.

The smallest farms (≤9 cows) on another hand should be supported as self-sufficient
providers and as important mechanisms for landscape and biodiversity conservation. Small
farms with a higher fat content in the milk they produce should be encouraged to focus on
differentiated production, e.g., cheese making. The smallest farms also should be supported
in the use of cultivated local protein feeds and utilize cow manure effectively to create
regenerative benefits in their field area [42]. Small farms are also important in terms of
the efficiency of utilizing local sources of dry matter. Their feeding strategies appeared to
be the most flexible of all the management groups. Thus, small farms also need support
for this purpose. Diverse feeding strategies in small farms also would be a proxy for
enhanced biodiversity.

However, we should also acknowledge that this study has several limitations linked
to national data availability (e.g., national data on feed production, heifer breeding, differ-
ences among farms regards soil type, manure management, and the proximity to marine or
aquatic habitats) and methodological shortcomings (e.g., excluding emissions of carbon
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sequestration, the assessment method of water use, the use of proxy allocation, and the in-
tegration of social and biodiversity impacts in LCA). There is a need for the development of
a national LCA inventory to further improve the quality and possibilities for environmental
impact assessment.
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12. Osı̄tis, U. Govju ēdināšana (Cow Feeding); Latvian Agricultural Advisory and Training Centre: Ozolnieki, Latvia, 2002; p. 45.
13. Nipers, A.; Pilvere, I.; Valdovska, A.; Proskina, L. Assessment of key aspects of technologies and cow farming for milk production

in Latvia. In Proceedings of the 15th International Scientific Conference “Engineering for Rural Development”, Jelgava, Latvia,
25–27 May 2016; pp. 175–181.
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