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Abstract: Today’s global food system (including production, transportation, processing, packing,
storage, retail sale, consumption, losses and waste) provides income to more than a billion people all
over the world and makes up a significant part of many countries’ economies. The 21st century’s
food systems that bring food from “farm to fork” face various challenges, including a shortage
of agricultural land and water, competition with the energy industry, changes in consumption
preferences, a rising global population, negative effects of climate change, etc. Therefore, many
countries are working on creating various models to function as an important decision support
system tool for policymakers, farmers and other stakeholders. Various agricultural sector models
see particularly extensive use in the European Union (EU), determining the impact of the Common
Agricultural Policy (CAP) and helping to create future development scenarios. This is why a special
model adapted to the national conditions, called LASAM (Latvian Agricultural Sector Analysis
Model), was created in Latvia, making it possible to use historical data on the development of
agricultural sectors, medium-term price projections for agricultural products in the EU, changes in
support policy, as well as the necessity for the resources used to project the long-term (up to 2050)
development of agriculture. The LASAM model covers the crop sector, the animal sector and the
overall socioeconomic development, as well as the growth of organic farming and greenhouse gas
(GHG) emissions. This paper discusses the main objectives achieved in developing a decision support
tool and presenting the research results: LASAM was used to prepare projections of the possible
development of Latvia’s principal sectors of agriculture until 2050, considering the necessity to reduce
GHG emissions, made available through the LASAM web application. Given that the projection data
obtained by LASAM are public, they can be used (1) for national policy making in rural business
development, which affects the development of the economy as a whole; and (2) internationally,
to compare the projections made in Latvia with those obtained through various agricultural sector
models and projected development trends.

Keywords: agriculture; decision support systems; models; projections; data visualization; development

1. Introduction

Agriculture is a unique sector of the economy that converts raw materials into agricul-
tural products and involves the use of immediate weather conditions (temperature, precipi-
tations, and the solar radiation available to the plant) [1]. Agriculture and food systems
include various fields of activities associated with the manufacture of agricultural products
(food and non-food), fisheries, processing, distribution, retail sale, consumption, and dis-
posal of unused products. Food systems include a broad range of stakeholders—people
and organizations—as well as the sociopolitical, economic, technological and natural envi-
ronments, in which the production of food takes place [2,3]. Today’s global food system
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(including production, transportation, processing, packing, storage, retail sale, consump-
tion, losses and waste) provides income to more than a billion people all over the world.
As a business activity, agriculture generates 1% to 60% of the GDP in different countries,
with a global average of approximately 4% in 2017 [4]. The global value added of agri-
culture, forestry and fishing rose by 68% in real terms between 2000 and 2018, reaching
USD 3.4 trillion, an increase of USD 1.4 trillion compared with 2000. Agriculture is still the
second biggest source of employment in the world, behind the service sector [5]. Agricul-
ture and food production are also critical for the economy and society of the EU. In 2016,
the 28 Member States of the EU had some 11 million farms, with 22 million people regularly
employed in agriculture. Put together, agriculture and food production provided 44 million
jobs in the EU [6]. Investments in agriculture and food production have a multiplier effect
on other sectors, such as services and manufacturing, which helps to further improve
food security and economic development [2]. At the same time, modern agriculture puts
a significant strain on biodiversity, topsoil, water and the atmosphere, which will only
increase with time if the current trends of an increasing population, rising meat and energy
consumption, and food waste are to continue. Thus, agricultural production that is efficient
but reduces environmental impact is rising in importance [7]. Agriculture also generates
a significant amount of GHG emissions, accounting for more than 10% of the total CO2
emissions in the EU-28 [8]. Global food systems promote greenhouse gas emissions, and
reducing these emissions is a critical component of solving the problems of climate change.
There are various tools for decision making support that agricultural producers could use
to assess if their business decisions affect emissions [9]. However, policymakers also need
such tools to support them in their decision making in order to lead them to evidence-based
policies in food and agriculture industries [10]. Researchers have noted that farmers find
it difficult to access information about weather, fertility of land, technologies and other
topics that they need. Administrative bodies also lack the information they need to make
effective management decisions. Digital technologies can solve these problems [11]. This
is why different projection models can provide a structured method for thinking about
the adaptation of agriculture to climate change and a science-based study of the effect of
various factors on the potential development of agriculture. At least 70 years of research
into the implementation of agricultural innovation have resulted in a growing spread of the
projection models used [12]. This is why discoveries made through research are compiled
using mathematical models. Because models simplify complex real conditions, one must
assess if the models are appropriate to the specific use and the real conditions pertaining
to it [13]. Such models can be used by farmers, various stakeholders interested in the
development of agriculture, and policymakers. The modelling support tools available to
and used by farmers are employed in various fields. Models often see use in projecting the
utilization of agricultural land in order to create accurate maps for projecting changes in
the use of land in future scenarios [14], for GIS application maps [14,15], and in projecting
crop harvests [13]. Researchers point out that land-use models are one of the key elements
of global balancing models, intended to describe food supply and assess agriculture in
the future [16]. This is because land use is critical to produce food, animal feed, fibrous
materials and fuel, and it affects the Earth’s biogeochemistry, biogeophysics, biodiversity,
and climate. To achieve a quantitative understanding of the effect of agriculture on the
Earth’s system, the best models must include the best technical knowledge and data about
land use [17]. In crop farming, agricultural land suitability analysis (ALSA) is one of
the principal tools for achieving sustainable agriculture and attaining the current global
food supply target set in the United Nations Sustainable Development Goals (SDG) [18].
ALMaSS and similar models can help to achieve more economical use of resources, and,
with the assessment of the significance of multiple criteria in decision making, improve
the results of governance appropriate to its goals and location [19]. To assess agricultural
development until 2050, Brazil uses the global partial equilibrium model GLOBIOM-Brazil,
which determines the competition for the use of land among different industries: agri-
culture, forestry and bioenergy, which reflects the special circumstances of Brazil [20].
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Researchers emphasize that technological change has a decisive role in agriculture, making
it possible to satisfy future demand for agricultural products. However, so far, agricultural
sector models and models for changes in land use have been found to be deficient due to a
lack of data [21].

Some models perform a general, integrated assessment and projection of crop yields.
These include general equilibrium models, such as IMAGE-MAGNET or AIM, partial
equilibrium models, e.g., GLOBIOM, GCAM, MAgPIE, IMPACT, as well as gridded crop
models (GGCMs) [21–23]. They perform comprehensive analyses to determine the reasons
why different crop models (for the production and productivity of different crops) result
in significantly different results under various climate projections. This is carried out
to determine what biophysical processes and what deficiencies in knowledge create this
uncertainty, and what factors should be prioritized to improve the reliability of results [24].
One can find out about changes in wheat harvests in Western Australia using a simple
generalized additive model (GAM), which can be set up in a user-friendly online tool,
so that it can be used by crop farmers and their consultants [25]. However, the United
Kingdom (UK) uses meta-models to assess the productivity of improved (permanent,
temporary) and semi-natural grassland systems [26].

Particular attention in agricultural modelling is paid to the management of water
resources [27]. Global climate change is causing more frequent and destructive floods. To
understand the threat of flooding in the future, the research literature discusses current
and future flooding risks in the 21st-century in China, using historical weather observa-
tion data and the results of global climate models (GCM) [28]. Inconsistencies in flood
projections give rise to caution, especially among those policymakers who are in charge of
managing water resources, reducing the risk of floods and adapting to climate change on a
regional and local scale [29]. The studies propose the latest system and decision ma-king
approach to assess the possible risk of water shortage, using these methods to eliminate the
threats identified based on regional risk assessment (RRA) scenarios [30]. Because there
are concerns of the effects of climate change and their variability on global agricultural
production [31], many studies are devoted to modelling the impact of climate change. For
example, by 2050, the average loss of topsoil due to water erosion can rise 13–22.5% in
the EU and UK agricultural regions, compared with the 2016 baseline. These projections
were made using a combined land use and climate change model system [32]. The ISI-MIP
model was created to project the effect of global warming on agricultural, water, biomass
production and other sectors [33]. The models identify climate change scenarios to study
the availability of water for agriculture, to assess changes in ecosystem services and the
effect of climate on the possible adaptation of harvests and crops, and the possibility of
reducing the spread of livestock diseases [20,34–36].

The purpose of global and regional agriculture modelling systems is to provide the
latest information on the various stakeholders and decision makers involved in the pro-
duction of foods in order to support global and national food supply [23]. This is why the
research literature includes evidence of assessing and making projections about various
sectors, fields, activities. For example, a financial decision making support system has been
developed to help reduce financial risks and aid the stable growth of small and medium
enterprises in the agricultural sector [37]. There are assessments of labor productivity
and the effectiveness of the worker performing certain types of work [38]. There are pro-
jections of the economic situation [39] and changes in the prices of products, land and
the workforce [40]. Some models show changes in consumption trends to determine the
growth potential of the agricultural sector [41] and the market situation to improve the
efficiency of agriculture [42]. There are projections of a rising population, income and the
level of consumption having a long-term effect on agriculture [43], etc.

Many general equilibrium models see more use in projecting the development of
global food markets and supporting the analysis of future-orientated policy [44–48]. EU
decision makers have traditionally employed the results of various quantitative models,
choosing from various political tool options. For example, the AGMEMOD model has
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been used to analyze scenarios for multiple reforms in EU agricultural policy [49,50].
The simulation models most commonly applied in the EU are: (a) systems dynamic; (b)
agent-based; (c) hybrid; (d) discrete event models. To model its agricultural sector, the EU
institutions use GEM-E3, MAGNET, AGLINK, CAPRI, AGMEMOD, ESIM, GLOBIOM-EU,
AgriPoliS, FeedMod, POLES, the IHS Global Link Model [51].

The LASAM model has several advantages and also limitations in comparison to the
mentioned models used at the EU level. Firstly, the LASAM model can be used only for a
small open economy. That means an assumption that changes in supply of the economy
do not have implications on prices. A small open economy is a price taker, as changes in
supply of commodities have no impact on the price. For this reason, prices on agricultural
commodities are exogenous. The advantage of the LASAM model is its ability to make
very detailed projections at the sub-sectoral level for different farm sizes, make integrated
calculations of socioeconomic indicators and integrated calculations of GHG emissions
according to the Intergovernmental Panel on Climate Change methodology used for GHG
emissions inventories.

The future implementation of the EU CAP in the context of the Green Deal will require
an assessment to achieve the goals of the Green Deal and to speed up the transition to
sustainable food systems [52]. This is why the responsible ministries of decision and
policymaking, as well as stakeholder organizations and researchers, devote much attention
to a detailed and in-depth analysis of agriculture and the aspects associated with it, so
that based on historical development, they can identify the potential for adapting to
many global challenges to be faced in the future, and project the possible development of
these challenges.

Agriculture and food processing make up a significant proportion of the economy in
Latvia as well, generating 4.75% of the country’s gross domestic product, 23% of the total
value of exports, and providing some 100 thousand rural jobs in 2020. Farming businesses
manage 36% of the total area of the country [53]. Thus, in view of prior research, our goal
is to quantitatively determine the agricultural development outlook for 2050, based on
land-use practice and the historical development of the sectors using the original LASAM
model. Therefore, the study analyzed and included the following question and goal:
(1) To provide interested parties—policymakers, farmers and others—with the decision
making information they need through a publicly available representation of the model’s
results. (2) How well does the LASAM model represent the situation in different sectors of
agriculture, and does it make it possible to project their development in Latvia until 2050?

2. Materials and Methods

LASAM was developed at the Latvia University of Life Sciences and Technologies in
2016 as an econometric, recursive, multi-period scenario model to generate projections for
the Latvian agricultural sector until 2050. The model covers all agricultural sectors, and it
was developed considering the special features and trends of each sector. The model makes
it possible to assess the development of agricultural sectors under different scenarios, with
a particular focus on assessing the potential impact of climate change policy. Using LASAM
parameters, exogenous data and lagged endogenous data, one can make projections for the
model’s endogenous variables over a set of alternative policy scenarios and over a given
projection period.

Initially, the model generated projections for so-called activity data, which were further
used within the national GHG inventory (National inventory report) to project emissions
from agriculture. In the following years (up to 2021), the model was refined, and new
modules and components were introduced. As the model lacked the socio-economic
information that could be used for policy analysis and planning, including information on
the effects on value added, productivity and employment in agriculture, a socio-economic
module was introduced in 2017. Later, an investment component was also added to obtain
projections for total fixed assets and gross investments in agriculture. The introduction
of a GHG module allowed the generation of projections of agricultural GHG emissions
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by the model (GHG emission calculation methodology is based on the National inventory
report). In 2019, the model was expanded to include a farm size component, making it
possible to obtain projections by area and by animal herd size for the main agricultural
sectors. For the purpose of assessing GHG emissions, a manure module was also added,
yielding projections on total manure and manure N distribution, including solid manure,
liquid manure and manure deposited on pasture. The same year, the model was also
complemented with an organic agriculture module to generate projections for organic
agriculture in Latvia.

Input data for the model come from a variety of sources. The key information sources
of historic data include the Central Statistical Bureau of Latvia (agricultural statistics), the
Agricultural Data Centre (data from animal and dairy register), the Institute of Agricultural
Resources and Economics (Farm Accountancy Data Network (FADN), Economic Accounts
for Agriculture data), the Rural Support Service (data on registered utilized agricultural area
(UAA), the Ministry of Agriculture (data on organic farming) and the National Inventory
Report (data on GHG emission factors). Some historic data series start from 1990, but
almost all the data are available from 2005. The model also uses external projections for the
average prices of main agricultural products in the EU based on the medium-term outlook
by DG Agriculture and Rural Development. Additionally, information about the planned
support levels comes from the Ministry of Agriculture.

The projections for activity data are mainly based on time-series and regression ana-
lysis and equations. For example, the UAA area is projected depending on the changes in
the revenue-cost ratio. The calculation of the revenue-cost ratio assumes that wheat is a
significant driver of the UAA, meaning that revenue consists of the average price of wheat
in the previous and current year, multiplied by the corresponding average wheat yield,
which, in order to consider the motivating aspect for development (there is higher supply
and lower price in a year with a good harvest and vice versa), is compared to the average
productivity in the period since 2005; the revenue side also includes expected single area
payments for the two upcoming years. While labor costs are considered an influencing
factor in the cost side (cost per annual work unit (AWU) expressed per area (ha) managed
per AWU). For price projections, exogenous data on commodity prices developments
from the medium-term EU agricultural outlook are used; the planned support level is
also an exogenous variable, while all other variables are obtained endogenously, projected
by LASAM.

The results summary devotes attention to the following years: (1) 2005 as the reference
year for the policy to reduce GHG emissions in the non-ETS sector; (2) 2020 (in some cases
2019) as the last year for which statistical data are available. This year can be considered
to be the current situation because any comparison under it can indicate a reduction in
the achieved level of economic activities, with negative effects on employment and the
economic performance of the sector; (3) 2030 is the target year for the GHG policy in the
non-ETS sector, by which the goals set in the policy documents must be met; (4) 2050
is a long-term target and the last projection year. The LASAM model contains more
than 300 equations that are reviewed regularly. The general methodology for the main
projections has been described in previous research papers. The LASAM model was
developed using the R programming language [54–61].

An overview of the LASAM model is shown in Figure 1.
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3. Results

This section includes the main objectives achieved in developing a decision support
tool and presenting the results of modelling. The results section shows the main results of
the research pertaining to the interactive web application in order to present and analyze the
results of the research that concern long-term projections for the development of Latvian
agriculture until 2050 in its key sectors (crop production, animal production, organic
farming), the projections for socioeconomic development in agriculture, and the projections
for agricultural GHG emissions in Latvia, developed by means of LASAM in 2021.

3.1. WEB Application of the LASAM Model

The research involved the development of an interactive web application that makes
it possible to demonstrate and analyze the results of the model. The interactive web
application can be used as a decision support tool in agriculture and industries related to
it, including government policymakers. The web application and the LASAM model are
based on R open-source solutions, including an R Shiny server. The application architecture
is shown in Figure 2.

The interactive web application was developed using R Shiny. The web application
also employs other R libraries:

1. plotly and ggplot2 (graphing libraries);
2. tidyverse (collection of R libraries for data science);
3. shiny.i18n (library for multilanguage support);
4. shinythemes, shinyWidgets and shinycssloaders (UI design libraries);
5. rlang (collection of R frameworks);
6. markdown (markup language support library).
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As input data, the application uses R environmental objects imported into the system.
The R objects provided include variables, functions, projections and other objects that were
created as a result of processing of historic statistical data using the LASAM model.

The model effectively consists of a number of R scripts, each of which comprises vari-
ous data processing mechanisms, calculation methods and projection functions. If executed,
each of these scripts perform the required processing of the input data, delivering results in
the form of R environmental variables. These objects can then be exported/imported as R
environmental objects and used to present the results in the web application. This approach
makes it possible to increase the speed and efficiency of the application, which is much
needed, considering the amount of data processed using LASAM and the permanence of
the displayed results over a longer period of time.

3.2. Availability and Use of the WEB Application of the LASAM Model

From 2021, the LASAM model has been available to anyone interested in Latvia and
elsewhere online, in Latvian (Figure 3) and English (Figure 4), at lasam.llu.lv, and it can be
used by farmers, policymakers and other stakeholders.

Anyone can familiarize themselves with the description of the model, and any of
the sections of interest to them, including land use, farm animals, socioeconomic impact
and GHG emissions. Each of the sections have multiple subsections, each containing
appropriate projection results. Furthermore, pointing at the data point for a specific year,
the user can also see the exact numeric value. As the dataset and model is updated annually,
everyone interested is able to access the latest projection data.
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3.3. Contents of the WEB Application of the LASAM Model

The interactive LASAM web application includes research results on the long-term
projections for Latvian agricultural development up to 2050, created by LASAM in 2021
and covering the largest and most important sectors of agriculture.

3.3.1. Projections for the Crop Sector until 2050

One of the most important indicators that can be used to describe trends in land use
is the area of agricultural land involved in production (Figure 5). It is projected that the
EU single-area payment rate, as well as the wheat prices that are expected to be high and
relatively stable on average, could result in a slight increase in the area of agricultural land.
The price of wheat was selected as the reference price because the expansion of the area
used for wheat is the main driver for the increasing area of agricultural land.
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However, this increase can also be significantly affected by short-term factors, espe-
cially crop yield. If the climate causes crop yield to be very low or very high in the coming
years (this will affect the financial results of farming businesses and, thus, their capacity to
grow), this could have a significant impact on the projections.

Although the research projects fluctuations in the area of agricultural land use until
2032, with a subsequent constant increase in that area, the projected changes are small.
According to the projections, the utilized agricultural areas will be almost 2% larger in 2030
than in 2020, and by 2050, this projected increase will be almost 4%, compared to 2020. The
changes in the UAA are largely due to changes in the area of arable land (Figure 6). Thus,
the area of arable land is affected by the same factors that served as the basis for projecting
the expanding area of agricultural land. Similarly, to the total area of agricultural land, the
area of arable land is expected to fluctuate slightly until 2032, with a gradual increase from
then onwards. In 2030, the projected area of arable land will be almost 4% larger than in
2020, and by 2050, this projected increase will be 6%. The area of arable land in Latvia is
projected to reach 1.42 million hectares in 2050.
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Until 2020, the overall increase in the total area used for grains, oilseeds and pulses (GOP,
including fallow land) was largely created by the rising area occupied by grain farming, as
in 2020, accounting for 75% of the total area of GOP crops, and a similar proportion will
remain until 2050 (78%). The projections show that until 2030, the GOP crop area will fluctuate
slightly, and then it will begin to see a gradual increase. By 2030, the overall area occupied by
GOP crops will be 6% larger compared with the 1002.5 thousand hectares in 2020. However,
in 2050, it will exceed the 2020 level by 9% (1097.2 thousand hectares).

The proportion of the area used for GOP crops by the small farm group (with an area of
1 to 9 ha) decreased gradually over the period analyzed, with similar trends expected in the
future. In the small farm group, the area is expected to decrease by 13% by 2030, and by 31%
by 2050, as compared with the 2020 level. The projections are similar for farms with an area
of up to 300 ha, and those with an area of more than 300 ha. On these farms, the area grew
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gradually, but will decrease slightly after 2020, which will be followed by a gradual increase
between 2023 and 2050 (with a +11.5% rise in 2050, as compared with the area in 2020).

Grains are a group of crops that have seen a significant rise in production after Latvia
joined the EU. The successful development of the sector is due to several factors, including
direct and indirect financial support by the EU, high grain prices, access to the EU market
and consolidation processes in the sector, thereby increasing production intensity, as well as
the use of the latest production technologies. As the sector develops in the future, the area
under crops is to decrease slightly in 2023, followed by a gradual increase. Overall, the area
under crops will increase from 753.7 thousand hectares in 2020 to 854.3 thousand in 2050
(+13%). In 2030, the expected increase in area will be 8%, compared with 2020 (Figure 7).
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The production of rapeseed has quickly grown from almost zero in the mid-1990s,
with a significant increase in the area it occupies since 2016 (Figure 8). The projections show
that despite an area reduction that starts in 2022, rising yield will mean that by 2050 the
amount of rapeseed produced will be 481.4 thousand tons, extending the 2020 production
level (451.3 thousand tons) by almost 7%. The rapeseed output projected for 2030 will be
lower than in 2020 (−10.5%) because a decrease in production is expected after the record
amount in 2020.
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Wheat is the most important crop that defines the development of grain farming
(Figure 9). Since the accession to the EU, the area covered by wheat has been rapidly
expanding in Latvia. The reason is its more attractive prices and higher yield compared
with other crops, as well as the presence of a well-developed market, which makes it
possible to sell wheat at a good price, even in Latvia. The projections show that by 2050, the
area used for wheat will expand to 633.1 thousand hectares, compared with 498.8 thousand
in 2020 (+27%). This expansion will already be notable in 2030, reaching 583 thousand
hectares, with a 17% increase.

Wheat yield is also expected to rise. The tendency of wheat yield to increase has been
observed historically, and it could continue into the future. The projected increase in yield
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is partially caused by technological innovations, but also, to a larger extent, by the more
intensive use of mineral fertilizer. In general, between 2020 and 2050, yield is expected to
increase by 10% (from 5.33 t ha−1 to 5.85 t ha−1).
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As the area occupied by wheat crops and their productivity are expected to rise, the
amount of grain produced will increase significantly (Figure 10). The output is to grow
from 2.66 million tons in 2020 to 2.91 million tons in 2030 (+9.5%), and to 3.71 million tons
in 2050 (+39%). It is worth pointing out that within the period analyzed, the amount of
wheat produced in Latvia in 2020 was the highest since 2000.
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3.3.2. Projections for the Animal Sector in Latvia until 2050

Milk production. The number of dairy cows is expected to decrease gradually
(Figure 11). In 2050 it will have decreased to 113 thousand cows, compared with 136 thousand
in 2020 (−17%).
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In projecting milk production, trends in three groups were considered: commercial
production of milk for processing, farm consumption of milk as food, and consumption
of milk as animal feed. The projection suggests that milk production will be relatively
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stable in the years to come, but will rise gradually from 2025 (Figure 12). The prerequisite
for the successful development of the sector is an advantageous combination of prices,
support policy and key costs, as well as the availability of land for producing animal feed.
According to the projections, a total of 1085.4 thousand tons of milk will be produced in
2030, a number that is expected to rise to 1130.3 thousand in 2050, for a respective 10% and
13% increase relative to 988.2 thousand tons in 2020. The only group expected to rise is
commercial milk production (+24%, from 845.8 thousand tons in 2020 to 1044.8 thousand,
in 2050). The production of milk for own consumption and as animal feed is to decrease
by 2050 due to a reduction in the number of small farms, which in turn leads to less farm
consumption of milk as food. Farm consumption of milk is projected to decrease from
86.1 thousand tons in 2020 to 61.5 thousand in 2050 (−29%). However, the intensification
of dairy farms will reduce the quantity of milk used as animal feed, which is expected to
decrease by 2050 (from 56.3 thousand tons in 2020 to 24 thousand in 2050), accounting for
only 2% of the total milk production.
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Milk yield is to rise consistently, reaching 8790 kg per cow in 2030, and 10,000 kg
in 2050 (+40% compared with 2020). This projection is affected by a number of factors,
most prominently by the intensification of production, the choosing of higher-yield breeds,
improvement of the breeding process and feeding and animal-keeping technologies that
promote higher milk yields, all of which will continue in the future. The intensification of
production is also encouraged by the farm investment funding provided by the EU.

Beef production is a relatively new sector in Latvia, beginning in 2003–2004, which
saw the introduction of beef cattle and their growing and breeding in Latvia. In this sector,
the number of suckler cows is expected to grow rapidly until 2024 (Figure 13). Starting
from 2024, the number of suckler cows is projected to be constant, at 67.5 thousand. The
development of beef farming is difficult to project due to its dependence on political factors
(ability to export calves, support payments, emission policies). Latvian beef producers have
successfully worked together to find markets for their products outside Latvia, and the
growth of this sector is not solely dependent on domestic demand. Industry experts are
not in agreement in regard to the future of this sector: some see the potential for growth,
while others believe that the expansion of this sector could stop in the near future.

Growth in this sector could be spurred by a policy that preserves large areas dedicated
to pastures, preventing their conversion into cereal and other crops. Conditions that impede
such a conversion and maintain the existence of “unburdened” pasture land could stimulate
the development of a relatively large beef sector.

The sheep sector is expected to continue its development (Figure 14); however, this
projection is optimistic, and the sector may experience slower growth. This is because,
despite its rapid expansion, it is still yet to find its export niche, being mostly oriented
towards the domestic market. The focus on the domestic market poses a serious handicap
on the development of this sector. As personal income rises in Latvia, the consumption
of cheap meat (chicken, pork) will partially be replaced with lamb; however, Latvia has
no traditions associated with lamb consumption, with no major changes expected in the
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consumption pattern. At the same time, the projection of the number of sheep rising
from 91.9 thousand in 2020 to 104.5 thousand in 2030 and 119.1 thousand in 2050 (+30%
compared with 2020) is realistic, as sheep will account for a relatively small share of meat
consumption. Similarly to beef farming, sheep farming could be encouraged through a
policy affecting the use of pasture land, especially given the lower emissions generated
by sheep, as compared to cattle. Overall, successful growth of this sector requires finding
new export markets. If this does not occur in the near future, the projection will have to be
critically revised.
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The difference between the price of pork and animal feed has rapidly fallen in the
past 10 years, significantly affecting the profitability of pig production and leading to a
reduction in the number of pigs. This process was also fueled by the falling quantity of
pigs in smaller farms, as pig farming intensified through the use of EU investment support,
among other things. Thus, the sector is dominated by large pig farms. The projections show
that due to the decreasing revenue-cost ratio, a gradual reduction in the number of pigs is
expected, from 306.8 thousand in 2020, down to 251.8 thousand in 2050 (−18%) (Figure 15).
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The development of the poultry sector is defined by a few major businesses, and it is
difficult to project the trends in this sector, as they largely depend on the business strategy
and decisions of these companies. Thus, in making projections about the development of
poultry farming, the average level for the last few years was used, assuming that during
the projection period, the number of poultry will remain stable, with a weak rising trend
(Figure 16). According to the projections, in 2030, the number of poultry birds will rise to
5.88 million, and by 2050, to 5.92 million (+1.5% increase compared with 5.84 million in 2020).
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The number of broilers is expected to stabilize at 2020 levels across all poultry farm
groups. Thus, by 2050, the total number of broilers will remain at 2.36 million, of which
1 million will be on farms with the number of broilers up to 49.14 million in businesses
with 50 to 40,000 broilers, and the largest proportion, 2.34 million, will be on farms with the
number of broilers at more than 40 thousand. This group of farms will account for 99.4% of
the total broilers.

The number of laying hens is expected to rise gradually, reaching 3.42 million in 2050,
which will only exceed the 2020 level (3.35 million) by 2%. Most laying hens (87.5% in
2020) are on farms with more than 40 thousand hens, and the number of poultry on these
farms is expected to remain at 2020 levels (2.93 million). Thus, the projection points at
very little change in the number of laying hens. An increase in the number of laying hens
is only expected on the farms with 50 to 40,000 hens: in 2050 these will have a total of
393.4 thousand laying hens, which is 23% more than in 2020.

3.3.3. Projections for Organic Farming in Latvia until 2050

Organic farming continues its development in Latvia. The number of farms engaging in
organic farming reached 4058 in 2020, and this number has stabilized over the last 5 years [54].

The utilized agricultural area for organic farming is gradually expanding, with a
similar trend expected to continue into the future (Figure 17). Organic farming will occupy
333.5 thousand hectares by 2030, a number that will rise to 379.4 thousand in 2050, a
respective 15% and 30% increase, relative to the 291.1 thousand in 2020.
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Organic farming is characterized by diversified production, with arable land taking up
slightly less than a half of the utilized agricultural area under organic farming in 2020. The
area of arable land used for organic farming has also increased in recent years (Figure 18). This
area is expected to gradually expand, reaching 175.7 thousand ha in 2030, and 199.5 thousand
in 2050. The projected upward trend for arable land is similar to that of the overall area of
agricultural land used for organic farming, with 13% and 29%, respectively.
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As in previous years, the livestock sector of organic farming is dominated by dairy
farming. In 2020, the total number of cattle was 102 thousand, of which 33.5 thousand were
intended for slaughtering, 17.6 thousand were dairy cows, and 50.8 thousand were other
cattle [54]. The total number of cattle is expected to rise by 15% by 2030 (116.9 thousand)
and by 31% by 2050 (134 thousand), with this growth mostly fueled by beef and other cattle,
whereas the projected increase in the number of dairy cows will only be 20% (21.2 thousand)
by 2050, as compared with 2020 (Figure 19).

The number of sheep in organic farming has grown rapidly since 2013 and is expected
to continue rising. By 2030, it is expected to reach 40.1 thousand (a + 16% increase, com-
pared with 34.7 thousand in 2020), and in 2050, the number of sheep is projected to be
43.3 thousand (+25%) (Figure 19).

The number of goats in organic farms has shrunk rapidly since 2010, from 7.38 thousand
in 2010 to 2.52 thousand in 2020 (an almost 3-fold decrease). In the future, the number of
goats is expected to stabilize and remain at the 2020 level (Figure 19).

The past few years have not been particularly beneficial for pig farming due to out-
breaks of African swine fever and other factors; the sector is also experiencing a rapid
decrease in the number of small businesses. This is why the number of pigs in organic
farming also saw a significant reduction, from 9.6 thousand in 2010, down to 2.97 thousand
in 2020 (3.2 times). The projections suggest that the number of pigs will stabilize and remain
at the 2020 level (Figure 19).
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Figure 19. Number of animals in organic farming in Latvia in 2010–2020, with a projection for
2021–2050, thousands [62].

After 2012, with the implementation of EU regulations imposing stricter requirements
for the welfare of laying hens, the number of organic poultry stock fell rapidly; however,
it started expanding once again in 2016, and in 2020, reached its highest level since 2010.
The number of poultry stock is expected to stabilize at 2020 levels in the future, with
47.3 thousand birds (Figure 19).

3.3.4. Projected Socioeconomic Development in Latvian Agriculture until 2050

Value added is an increase in the market value of a product that arises as a result of
any business activity. In the model, value added was calculated by subtracting intermediate
consumption from the value of the product (production volume multiplied by price). In
agriculture, changes in value added are caused by fluctuations in production volume
and prices, and the trends here have been unstable since 2005 (Figure 20). According to
the projections for the development of different agricultural sectors, the minor slump in
2021–2023 will be followed by a gradual increase in value added. The projections show
that by 2050, the total value added in the main sectors of agriculture will reach EUR
672.3 million, i.e., 62% more than in 2019 (EUR 416.2 million). By 2030, this rise will lead to
a value of EUR 474.2 million (+14% compared with 2019). One should point out that thanks
to a significant increase in the value added of crop production, 2019 saw the value added
reaching its highest value since 2005, exceeding that of 2018 by 56%.
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The number of persons employed in agriculture is gradually falling, with a drop of 47%
between 2005 and 2020 (Figure 21). Similar trends can be seen in employment projections
as well. According to the projections, the number of agricultural workers will continue
falling, down to 46.7 thousand in 2030 and 27.9 thousand in 2050 (24% and 2.2-times less,
respectively, compared with 61.7 thousand in 2020).
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The value added in producer prices (without support payments) was also used to
determine the amount of value added per annual work unit in agriculture. The projections
were made based on the farm data taken from the FADN database, analyzing groups
of farms based on their specializations. Farms specializing in field crops are expected
to increase their productivity significantly due to the concentration of businesses and
intensification of production processes (Figure 22). The value added per employee will
reach EUR 26 thousand in 2030, and EUR 60 thousand in 2050, for a respective 53% and
3.5-times increase compared with 2019 (EUR 16.9 thousand).
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For comparison, the amount of value added per employee generated by specialized
field crop farms in other countries is significantly higher, with EUR 44.4 thousand in
Germany, EUR 64.7 thousand in Sweden, and EUR 85 thousand in the Netherlands in 2019.
This means that reaching EUR 60 thousand in value added per employee is something that
Latvian farms specializing in field crops can achieve.

In line with the projected increase in value added, the specialized dairy farms are
to see a rise in productivity (Figure 23). The growing per-employee value added will be
fueled by the intensification of production processes. The projected rise in per-employee
value added in dairy farming is considerable, given that currently this indicator is at a low
level in that sector. For comparison, in 2019, German specialized dairy farms created EUR
41.7 thousand of value added per employee, with EUR 35.3 thousand in Sweden, EUR
43.1 thousand in Ireland, and as high as EUR 96.9 thousand in Denmark. In Latvia, the
per-employee added value will reach EUR 12.3 thousand in 2030, and EUR 40 thousand in
2050, for a respective 78% and 5.8-times increase compared with 2019 (EUR 6.9 thousand).
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With the rising production and its concentration in Latvian agriculture, the value of
fixed assets is to increase as well, reaching EUR 2328 million in 2030 and EUR 3252 million
in 2050, compared with EUR 1800 million in 2019.

A possible need for investments in Latvian agriculture was assessed, given the value of
fixed assets (which is determined as a functional relationship based on production volume and
farm concentration) and depreciation. According to the projections, the annual demand for
gross investments could be around EUR 551 million in 2030, rising to EUR 693 million in 2050.

3.3.5. Projected GHG Emissions from Latvian Agriculture until 2050

The agricultural sector produces methane (CH4), nitrous oxide (N2O) and carbon
dioxide (CO2) emissions.

Emissions from livestock and manure management include: (1) CH4 emissions pro-
duced by livestock enteric fermentation processes and manure management; and (2) direct
and indirect N2O emissions from manure management.

Emissions produced by agricultural soil management, which includes: (1) direct N2O
emissions caused by the use of synthetic and organic fertilizers; livestock grazing (urine and
dung deposited on pastures; crop residues; cultivation of organic soil in arable land and
pastures; and (2) indirect N2O emissions from atmospheric deposition, and the leaching
and run-off; and CO2 emissions due to the use of urea and liming [63].

In 2019, agriculture made up 19.8% of total GHG emissions in the non-ETS sector
in Latvia. Most of these emissions (53.6%) came from the management of land used in
agriculture, 38.6% from enteric fermentation, and 7.8% from manure management. The use
of urea and liming creates a relatively small proportion of the emissions, 2.5%.

Given the rising production of Latvian agriculture, the total GHG emissions are
expected to rise from 2248 thousand tons of CO2 equivalent in 2020 to 2333 thousand tons
of CO2 equivalent in 2030 (+4% compared with 2020 and +25% compared with 2010), and
to 2418 thousand tons of CO2 equivalent in 2050 (+4% compared with 2030, +8 compared
with 2020 and +29% compared with 2010) (Figures 24 and 25).
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In 2010, livestock and manure management accounted for 52% of total agricultural GHG
emissions in Latvia. In 2020, it was only 47%, and is expected to fall to 44% in 2030, and in
2050 to 42% of the total GHG emissions from Latvian agriculture. However, an increasingly
larger proportion of the GHG emissions will be taken up by agricultural soil management
(56% and 58%, respectively), given the crop-dominant nature of future projections.

4. Discussion

The discussion section offers an assessment of the model’s results, and a comparison
with important trends in other scientific studies, given the latest academic sources.

Many factors affect the development of agriculture in Latvia. First and foremost, these
include its historic development and the country joining the EU in 2004, which made it
possible to receive support as part of the CAP, the relatively stable domestic market, and
instruments put in place to support agricultural production in the event of price reductions.
However, adverse weather conditions, especially the weather caused by climate change,
has affected agriculture more than other economic sectors, both in Latvia and in the world.
Climate change creates short-term shocks such as extreme weather, and stresses such as
elevated temperature and reduction in biodiversity. The shocks have an immediate effect,
while stress is a slow process that whittles away the capacity of systems to handle changes,
making them more vulnerable. The components and participants of agricultural and food
systems experience shocks and stresses of different types and intensity, and due to the
interrelations among these components, disruptions in any one of them can quickly spread
throughout the entire system. Any problems faced by producers are likely to have an
impact on the income of poorer people due to rising food costs [64]. This is why the issue of
reliable and all-encompassing long-term projections for the agricultural sector has always
been important to governments, given the special features pertinent to that sector, and the
extreme challenges it is to face in the future. Because no one knows exactly how different
factors affecting the food system will progress over time, even though they will certainly
define the future. As a result of this, governments, international and civic organizations, as
well as academics, have increasingly called for reliable projections that identify alternative
scenarios and highlight potential routes for developing and strengthening the resilience of
food and agricultural systems [46]. When it comes to modelling, the main challenge is gain-
ing quantitative evidence to support these models, because their different interpretations
make it difficult to consistently achieve observable and measurable variables and detect
correlations quantitatively [12]. However, various forecasting systems are adapted to the
needs of different clients, and they differ from one another depending on how important
the information entered in the system, as well as the results projected and to be achieved,
are for the user [23]. For example, in Latvia, the LASAM model projects the development
of agriculture based on the gradual increase in arable land and land used in agriculture,
leading to higher crop yields and harvests, especially for wheat, and especially in larger
farming groups. The intensification of crop farming and livestock farming will also play
a critical role in protecting the use of agricultural land in the future [22]. In turn, this
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will cause an increase in GHG emissions by 2050, and the emissions caused by the crop
farming sector will be decisive in the overall emissions balance, as policymakers will have
to think about support measures to incentivize farmers to work in a more environmentally
friendly way and reduce various emissions, especially in the context of the EU Green Deal.
This is because 21 to 37% of total GHG emissions in the world are associated with food
systems, including agriculture and land use, as well as storage, transportation, packing,
processing, retail sale and consumption of food [4]. Because agriculture has a direct effect
on the environment, organic farming can lead to such production of foodstuffs that satisfies
the needs of the public and those of the environment. This is why organic farming is
an important element in the sustainable development of rural regions, principally aimed
at protecting nature and making food products that meet the quality expectations of the
customers [65,66]. The LASAM model offers advantages to this effect because it includes
long-term projections, covering both conventional and organic agriculture, and anyone
interested can compare the future development prospects of these two sectors in terms of
land use as well as livestock farming. Although it is expected that by 2050, the utilized
agricultural area under organic farming in Latvia will rise by 30%, compared with 2020,
the share of organically farmed land relative to the total amount of agricultural land will be
17% in 2030 and 19% in 2050. This means that Latvia may possibly fail to achieve the Green
Deal goal set by the European Commission, with 25% of total agricultural land being used
for organic farming by 2030 [67].

In Latvia, the number of dairy cows is not expected to rise, while milk production will
be affected by the increasing milk yield, technological advances and herd management.
However, businesses in the industrial meat production sectors (poultry and pigs) have
invested in the development of their production infrastructure, continuing to optimize its
use to maximize the revenue from their business activities. Because neither the growth
of the domestic market nor the expansion into new export markets are projected to occur,
there is no sufficient reason to believe that the sector could undergo rapid development.
It is also emphasized by other researchers that decision support systems are critical in
modern agriculture because the demand for agricultural products is rising and will have
to make more while using a limited amount of land [1,4,16,68]. Factors that enable better
decisions may differ, and long-term motivation for farmers can differ from their short-term
motivation. For example, those leasing and owning property may necessitate distinct
conceptual models, and the decision making for these groups can differ drastically. Even
the planning capacity of farmers can be different, given the duration of planning periods (5,
10 and 20 years) [69]. This is why LASAM offers certain advantages to its users, because
everyone who uses the model can choose a planning period based on their interests, as this
publicly available model includes numeric indicator values for every year.

The information available in the model will become even more significant if it encom-
passes not only the physical parameters of different sectors of agriculture, such as land
area, productivity, total harvest, livestock number, its productivity and total production
volume, but also socioeconomic indicators. This is because the efficiency of agriculture
largely depends on the workforce engaged in agricultural production, which typically
has limited mobility [70]. Furthermore, persons employed in agriculture contribute to
the development of the respective rural area. Additionally, LASAM points specifically
at the problems Latvia’s agriculture will face in the future, as the number of workers
employed in the sector in 2050 will be less than half of that in 2020. Thus, in view the
projections provided by the model, policymakers should find measures to compensate for
the job shortages in rural areas. However, the trend for the workforce to diminish also
has a positive side, as with the projected increase in the value added of agriculture, labor
productivity in agriculture will rise considerably. This is because the specific nature of
labor productivity in agriculture has to do with a direct correlation between the amount of
work spent, and the result of the work, expressed both as a value and in physical terms [38].
At the same time, many countries show a tendency to lack workers in agricultural sectors,
which leads to technological upgrades and investments to compensate for the missing
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workforce. Agricultural investments help the country to achieve food security and increase
its level of self-sufficiency [70]. This is where LASAM answers another question; that is,
how much future investment will be necessary to achieve the projected production levels
in the corresponding agricultural sectors. Thus, both farming businesses and policymakers
should agree on the amount of necessary investments, involving in this process not only
the investment support instruments of the EU CAP but also credit institutions, fostering a
lending policy that is beneficial and attractive to farmers.

Importantly, the model and projection results are public and available for use by
anyone interested in the topic who can choose specific fields of interest, sectors, periods, at
both the national and the international level. In fact, LASAM outputs are already used by
some Latvian models, specifically land use, energy and GHG models. Thus, the projections
prepared using LASAM can find a broader use.

A review of the research literature revealed that some countries and international insti-
tutions prefer developing projection models based on their national or organizational needs,
but some countries do not have such models. LASAM can also be used for agricultural
projections for other small open economies.

However, policymakers, farmers, stakeholders, etc. could expand the functions of the
LASAM model in the future, expanding the scope and practical application of its projections:
(1) for assessing GHG emissions in different agricultural sectors, making it possible to
assess the GHG emissions created by farms depending on the type of farming they are
engaged in (input data), despite the fact that globally, there are GHG emissions calculators
for various fields, including crop farming, livestock farming and forestry. Researchers
Colomb et al. have identified eighteen main calculators which, however, have critical
differences in terms of their methods and scope of applicability, significantly affecting
results [71]; (2) for assessing not only the GHG emissions but also the possibility of carbon
sequestration in agriculture. The carbon sequestration process, which involves plant-
uptake of carbon dioxide from the atmosphere and storage of carbon in the biomass and
soil through photosynthesis, can help to prevent the loss of productivity in soil, limit the
concentration of GHG in the atmosphere, and reduce the negative effects of climate change
on the ecosystems of agriculture. Capturing additional carbon in the soil is a sustainable
land use practice, and it can be useful for farming businesses, which can increase their
harvest and reduce production costs as a result [72]. Furthermore, regionally adapted
carbon agriculture programs is one of the ways to adjust the storage of carbon in soil to
local conditions [73]. Carbon sequestration and fossil fuel offset by bioenergy crops is an
important component of a possible total societal response to a GHG emission reduction
initiative [74]. We believe that as the complexity and diversity of technologies and practices
rise, we need to continue research, which includes making quality projections about the
best and the most eco-friendly business practices in agriculture in order to reduce the stress
caused by negative climate change and other challenges on managing natural resources.

The LASAM web application is updated using LASAM data. The planned technical
updates include measures to optimize performance, reducing software reaction time, to
upgrade libraries, to fix bugs, etc. The opportunities for further soft-linking LASAM with
other models are also being assessed. One of the interesting future enhancements of the
LASAM model could be the integration of artificial intellect components, making the model
self-sufficient to update itself and to work with a minimum from the outside.

5. Conclusions

In the 21st century, agriculture and food systems are important components of national
economies, accounting for 1 to 60% of the GDP of various nations (the average global level
was at 4% in 2017); agriculture is still the second biggest global source of employment after
services, facing many challenges associated with the management of natural resources
and the negative effects of climate change. This is why many countries develop different
models to serve as a tool for projecting the development of agricultural sectors in order to
make better policy decisions, to better project the activities of farming businesses, and to
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achieve the higher involvement of stakeholders. There are broadly available and globally
used methods for projecting the use of agricultural land, crop harvests, use of water and
other resources necessary for agriculture and the efficiency of such use, and for assessing the
effect of these factors on the economy, climate change, researching the development of the
food market, etc. Various agricultural sector models see particularly extensive use in the EU,
determining the impact of the CAP and helping to create future development scenarios.

In 2016–2021, a special model adapted to the national conditions, called LASAM,
was created in Latvia, making it possible to use the historical data on the development of
agricultural sectors, medium-term price projections for agricultural products in the EU,
changes in support policy, as well as the necessity for the resources used, to project the
long-term (up to 2050) development of agriculture. The LASAM model includes the crop
sector, the animal sector and the overall socioeconomic development, as well as the growth
of organic farming and GHG emissions projections. It is publicly available to everyone,
including farmers and policymakers.

The projection data prepared reveal the following key agricultural development trends
in Latvia until 2050: (1) rising arable land area, fueled by the projected increase in the
utilized agricultural area for production; (2) crop production will develop due to the
expansion of the areas and the production volume of cereal crops, especially wheat, which
is a result of successful growth in the sector after Latvia joined the EU, which included
direct and indirect financial support by the EU, high grain prices, access to the EU market,
as well as consolidation processes in the sector, increasing production intensity, as well
as use of the latest production technologies; (3) in the herbivore livestock sector, milk
production will play a more important role, and a stable increase is expected due to higher
milk yield and more milk production by commercial dairy farms. An increase in the
number of suckler cows is expected to continue until 2024, after which the number is to
be constant, at 67.5 thousand animals, due to the difficulty in projecting the development
of beef farming. This depends on a number of factors: the possibility of exporting calves,
support payments, emissions policy, etc.; (4) the number of pigs is to fall due to a decrease
in their number on small farms; in poultry farming, whose development is steered by a
small number of large companies, stability is projected; (5) the agricultural and arable land
used in organic farming will rise gradually until 2050. The herbivore sector of organic
farming is expected to experience a consistent rise, with stability in the other sectors; (6) for
socioeconomic performance, a rapid rise in value added is projected, with the need to
invest in fixed assets due to a loss of the workforce, resulting in a significant increase in
labor productivity; and (7) because of the rising production volume of Latvia’s agriculture,
the total GHG emissions will slowly increase with a change in GHG emission structure,
which will be dominated by the emissions from agricultural soil management due to the
expansion of crop farming.

The public availability of LASAM in Latvian and English is a positive feature that
enables the broader use of its results.
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