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ANNOTATION

The thesis consists of a consecutive set of research articles aimed at
developing a multi-criteria decision support system for the improvement of land
use management in agroecosystems in mosaic-type landscapes. The autologistic
binary regression model for the assessment of the driving forces of land use
change in mosaic-type landscape in Vidzeme uplands was developed within
the framework of research. The results showed that land quality, distance to
farms, distance to paved roads and distance to forest edges were the main factors
underlying land use change. The method for ecosystem service assessment and
mapping in agroecosystems was developed for the area of study and approbated
in Baltic states. The interaction analysis was performed to identify trade-offs
and synergies among ecosystem services and to reveal “cold/hot” spots of
ecosystem service supply. The achieved results were incorporated into a multi-
criteria decision support tool for the integral planning of rural landscapes and
improvement of land management. The multi-criteria decision support tool
was tested for prioritisation of land use management in Césis municipality.
The results of the thesis can be employed for analysing agricultural policies,
territorial planning and the modelling of land use change and management.



LIST OF ABBREVIATIONS

ABR - autologistic binary regression

ALU - agricultural land use

ES - ecosystem services

IACS - integrated administration and control system

MCDS - multi-criteria decision support
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INTRODUCTION

Land use has changed almost 75 % of the ice-free Earth surface (Ellis and
Ramankutty 2008). Land use affects alterations in landscape structure, functions
and ecosystem service supply. Global demand for food and bioenergy will
continue to rise (Schneider et al. 2011), thus exposing agricultural land to further
intensification (Tilman et al. 2011). The opposite process of intensification is
marginalization, which can be found in geographical locations less suitable for
intensive agriculture, leading to landscape polarization. The aforementioned
process is present both on continental and national scales. In the south and
east of Europe, the abandonment and subsequent afforestation of agricultural
land is more evident, whereas the agricultural intensification is more present in
western and northern Europe (Rienks et al. 2008). On a national scale, i.e. in
Latvias fertile soil regions, all farmland is returned to agricultural use, but in
unfavourable agro-ecological conditions the farmland abandonment and natural,
or deliberate, afforestation takes place (Nikodemus et al. 2005; Nikodemus et al.
2010; Vanwambeke et al. 2012; Vinogradovs et al. 2018).

In order to understand the ongoing changes in ecosystems and society,
it is essential to use a composite approach to landscape research - to study
the relationships of humans and their environment in the landscape, landscape
structure and land use intensity, as well as landscape history, values, meaning
and management (Plieninger et al. 2015).

Topicality of the study

Agricultural land use is the greatest human impact on the environment
(Balmford et al. 2012). It discloses a loss of ecosystem and biological variety
(Newbold et al. 2015), increased greenhouse gas emissions and changes in
nitrogen and phosphorus cycles (Burney et al. 2010), which, in turn, lead to
increased eutrophication of inland waters and the sea. Both intensification and
marginalisation of agriculture lead to the homogenisation of the landscape -
the simplification of the landscape structure and the consequent reduction
in the availability of suitable habitats - the loss of diversity for small
landscape elements and land use types in heavily managed areas (Nikodemus
et al. 2018), natural and/or deliberate afforestation of agricultural lands
in marginal locations (Nikodemus et al. 2005; Vinogradovs et al. 2018).
The mosaic-type landscape, whose spatial structure is defined by very complex
agroecological conditions, particulary those exposed to the marginalisation
and homogenisation processes.

The solution to management of these processes, which would ensure
sustainableland use, is targeted land management. The EU’s Common Agricultural
Policy (CAP) guidelines on the environment (European Commission 2019) set
the main objectives of ensuring sustainable land management by eliminating



agricultural activity that is harmful to the environment and stimulating
the production of environmentally friendly goods and services. The agri-
environmental schemes developed under the CAP directly aim at reducing
the environmental impacts of agricultural activities, such as the loss of habitats
and biodiversity, major landscape transformation and reduction of pollution
caused by fertilizers and pesticides. The effectiveness of these measures is
observed in the areas where they deliver more benefits (Betary et al. 2015). One
of the solutions for achieving these objectives is the introduction of the concept
of ecosystem services in land policy and management (Van Zanten et al. 2014).

The ecosystem service approach is often implemented under land
management, particularly in land use policy, spatial planning and environmental
impact assessment (Rozas-Vasquez et al. 2019), as it is able to ensure a holistic
pretext while providing the necessary basic information on the state and quality
of the environment, the functioning of ecosystems and the potential of these
functions, taking into account the economic interests of society (Hansen et al.
2014).

There are a number of approaches to the assessment (evaluation and mapping)
of the ES: biophysical assessment methods are based on the assessment of biotic
and abiotic factors determining the structures or functions of the ecosystems
(Burkhard and Maes 2017), methods of economic assessment when the benefit
of society is calculated in monetary terms (Farber et al. 2012) and social
assessment methods when EP values are obtained by social anthropological
methods (Plieninger et al. 2013). As a part of the thesis, a novel biophysical
assessment method was developed to evaluate ES in agroecosystems, based on
the criteria of land quality, soil texture, as well as terrain and farming intensity.
The method is effectively applied in the Baltic states because it is based on data
layers available in the countries: digital maps of soils and land assessment,
terrain models and integrated administration and control system (IACS) data,
which cover the whole area equally.

For land management, it is important to provide a framework where
the decision-makers - politicians, municipal officials, landowners and land
managers — are able to assess the impact of the type of agricultural use of land
and its change on the provided ES, as well as to anticipate the security of ES
supply in the future. There are many systems for integrating the ES into spatial
planning (Grét-Regamey et al. 2017), however, none of them have been adapted
for the assessment of ES supply and land management in agroecosystems. They
are based on either limited data (e.g. ground cover only (Dailey et al. 2009), or
complex output data (Grét-Regamey et al. 2017) and they often require specific
knowledge and skills (Bagstad et al. 2011; Jackson et al. 2013; Fiirst et al. 2010;
Peh et al. 2013; Pickard et al. 2015). Therefore, their availability to the general
public is not ensured and their application would not be effective, since
the existing national geographic databases could not be used for ES assessment.



The integrated planning tool developed by LIFE Viva Grass project, in which
the author has taken active involvement is presented in the thesis.

Scientific novelty

The thesis consists of three parts containing the following innovative
elements:
1. Assessment of drivers or land use change in mosaic-type landscape:

a) an extensive geospatial data collection has been carried out using
remote sensing, geospatial analysis and field survey methods;

b) development and approbation of method to employ autologistic
binary regression (ABR) into modelling agricultural land use aban-
donment in mosaic-type landscape;

2. Assessment and mapping of ecosystem services in agroecosystems:

a) development of novel ES assessment method based on land quality,
soil texture, terrain and IACS data and based on existing national
geospatial data sets; the method is applicable in the Baltic states;

b) statistical analysis of interaction among ES to reveal spatial bundles,
trade-offs and synergies — crucial to operationalize ES into land use
management and planning;

3. Developing an underlying set of algorithms for multi-criteria decision
support and integrated planning tool - the Viva Grass Tool:

a) development cartographic representation of ES supply potential and
interaction values;

b) integration of drivers of land use change, ES supply potential and ES
interaction values into weighted sum models of integrated planning
tool’s decision support systems;

¢) approbation of integrated planning system in mosaic-type landscape.

Hypothesis of the thesis

A multi-criteria decision-making support tool based on the ecosystem
services approach is applicable to land use management and planning, thereby
ensuring the sustainability of agroecosystems systems.

Aim of the thesis

Developing and approbating ecosystem service approach for land
management in agroecosystems in mosaic-type landscapes.

Tasks of the thesis
1. Create a geospatial database to assess the drivers of landscape change
and ES.
2. Develop ABR model to detect probability of ALU abandonment in
mosaic-type landscapes.



3. Develop method for ES assessment in agroecosystems in mosaic-type
landscapes.

4. Allocate ES bundles, trade-offs and synergies by statistical analysis of
the matrix of ES assessment values.

5. Develop cartographic solutions to represent ES and interaction values
for integrated planning support tool.

6. Integrate ES, interaction and driving force of land use change values
into weighted sum models.

Publications

The thesis is arranged into three consecutive articles that implement
the tasks of the thesis. Tasks are grouped into four task-groups that overlap
thematically, but do not duplicate (Fig. 1). Publications have been published or
accepted for publication in internationally listed journals during the last 2 years
(2018-2019).

Paper 1. Vinogradovs, 1., Nikodemus, O., Elferts, D., & Bramelis, G. (2018).
Assessment of site-specific drivers of farmland abandonment in mosa-
ic-type landscapes: A case study in Vidzeme, Latvia. Agriculture, Ecosystems
& Environment, 253, 113-121, (listed in Web of Science and Scopus).

The article describes the methodology for identifying and evaluating
the drivers of landscape change in the mosaic-type landscape. The methodology
sets out methods for obtaining, processing, statistical analysis and modelling
spatial data of land use change, as well as interpretation of the results. As a part
of the publication, the author of the thesis has developed a method for collecting
geospatial data, conducted field surveys and data verification, co-operated in
the development of ABR model and performed interpretation of the results.

Paper I1. Villoslada, M., Vinogradovs, I., Ruskule, A., Veidemane, K., Nikodemus,
O., Kasparinskis, R., Sepp, K., Gulbinas, J. (2018). A multitiered approach
for grassland ecosystem services mapping and assessment: The Viva Grass
Tool. One Ecosystem, 3, €25380, (listed in Scopus).

The article discloses the development of methodology to assess ES based on
the assessment of the land quality, soil, slope and land use data. The publication
provides a statistical analysis of the interaction among ES. The developed
methodology is the result of team work. The author’s contribution is a statistical
analysis of the interaction of the ES, as well as participation in the preparation
and publication of the article.

Paper III. Vinogradovs, I., Nikodemus, O., Villoslada, M., Ruskule, A,
Veidemane, K., Gulbinas, ], Morkvenas, Z., Kasparinskis, R., Sepp, K.,
Jarv, H., Kliimask, J., Zarina, A., Bramelis, G. (accepted for publication)
Integrating ecosystem services into decision support for management of
agroecosystems: Viva Grass Tool. One Ecosystem (listed in Scopus).



The article describes the workflow for creating architecture for the multi-
criteria decision support tool and describes the integration of ES values and
ES interaction values into weighted-sum models into the integrated planning
tool — Viva Grass Tool. The development of the integrated planning tool is
the team work, in which the author was addressing the issue of cartographic
representations and integration of ES values and land use change drivers into
multi-criteria decision analysis and support modules.
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Figure 1. Workflow and tasks of the thesis
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1. DATA AND METHODS

1.1 Study area

The case study area is located in the western part of Vidzeme uplands (Fig. 2).
Administratively it consists of Vaive parish of Césis municipality, Taurene,
Vecpiebalga and Dzérbene parishes of Vecpiebalga municipality, Drusti parish
of Rauna municipality and Zoséni parish of Jaunpiebalga municipality. Selected
methods of the thesis were approbated on a national scale and on the scale of
the Baltic states.

i Case study area
] Municipalities

Figure 2. Case study area

1.2 Acquisition of geospatial data

Quality geospatial data is the foundation of sustainable land management.
As a part of the thesis, a high-definition geospatial data set was created,
which was used in modelling the drivers of land use change and assessment
of ecosystem services. As a part of the study, the development of a land use
database was carried out by remote sensing and field survey methods, as well
as the collection, verification and augmenting of information from existing
geospatial databases.

The first sub-task was the identification, quality assessment and matching of
existing geospatial databases. The databases used in the study are summarised
in Table 1.

The data sets were restructured according to the settings of the research.
Where necessary, the data was categorised (e.g. quality of land, number of
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animals in farms) or used to generate derived data (e.g. distance to animal
accommodation, forest edges, paved roads, etc.).

Table 1
Geospatial datasets used in the research
Geospatial data sets Owner Availability, remarks
IACS data Rural Support Service Open access (from 2018), separate agri-

cultural fields’ geometry and cultures
grown and payments received available

Drainage systems Ministry of Agriculture, | Open access, contains thorough
Real Estate Department | information on drainage systems.

Animal recordings Agricultural Data Centre | No geospatial data available in open
access

Cadastre data State Land Service Limited access, no personal information.

Digital soil maps State Land Service Open access, information on
agricultural land

Land quality maps State Land Service Open access, information on
agricultural land

SPA, biotopes Nature Conservation Open access

Agency

Topographical map Geospatial Information | Limited access, limited land use

1:10000 Agency coverage

Digital elevation Geospatial Information | Open access, limited coverage, post

model] (LIDAR) Agency processing needed

Digital elevation Geospatial Information | Open access, limited resolution (20 m)

model (SRTM) Agency

State forest records State Forest Service Limited access

Monument of cultural | National Cultural No geospatial data available in open

and historical values | Heritage Agency access

In order to supplement and partially verify the information contained in
the aggregated geospatial databases, remote sensing methods were applied.
The first of these methods was a visual assessment of several cycles of orthophotos.
As a part of the thesis, the use of LIDAR cloud data for the recognition of
agricultural land abandonment in Vaive parish was approbated. LIDAR data
with a resolution of 8 pt/m* was obtained for the site. The classification and
interpretation of the point cloud was made, and digital terrain and surface
models were created. In ArcGIS software, a normalized surface pattern was
constructed using the MapAlgebra module, which was used as a basis for creating
a relative height model. In parallel, a LIDAR data intensity model was developed,
allowing for an innovative approach to the separation of clearings and overgrown
farmland. Due to the unavailability of high-quality, spatial-based data, the use of
this method throughout the whole area of the study had to be abandoned.

In a situation where agricultural land is not in its entirety declared in
the rural register data, i.e., the land is used for agricultural production, but it
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does not receive European Union aid payments or farmland is managed, for
example, grass is being mown and mulched on site in order to maintain an open
landscape around holiday farms, the development of a fully-fledged geospatial
database required a survey of agricultural lands. The survey was conducted
in the late summer of 2014 and 2015, delineating the nature and intensity of
agricultural land management, and in particular focusing on the degree
of abandonment in the targeted areas. Thus, three agricultural categories of land
use intensity were distributed: agricultural land used in agricultural production;
unused agricultural land subject to natural afforestation and partly abandoned
agricultural land maintained but not used for agricultural production. In some
areas (Vaive parish), mapping of the spread of Sosnovsky hogweed was also
carried out for further integration into the decision-making support tool.

1.3 Assessment of driving forces of land use change

The identification of driving forces of land use change was carried out
in three consecutive steps: identification of drivers, geospatial analysis and
statistical analysis. Based on previous studies (Nikodemus et al. 2005; Nikodemus
et al. 2010; Ruskule et al. 2012; Vanwambeke et al. 2012; Ruskule et al. 2013),
abandonment of agricultural land was identified as the most important land
use change process in the mosaic-type landscape. Factors reflecting site-specific
properties were selected for the distribution of site-specific drivers, which
spatially vary within one type of landscape and have been identified as relevant
in previous studies. A summary of the underlying factors for driving forces is
presented in Table 2.

Table 2
Factors used in analysis

Variable Unit Description

Quality of agricultural land described as

Land quality Pt/ha (0-100) 100-point max grades

Groups of soil texture: sand, loamy sand, sandy

Soil texture group loam, clay, peat.

Cadastre area ha Size (ha) of cadastre parcel in 2016

Drainage system 0/1 Presence of drainage system

Slope 0/1 Slope <10°/>10°

Previous land use patch ha Size (ha) of homogeneous land use type in 1990
Distance to rural centre m Distance

Distance to paved road m Distance

Distance to farm m Distance

Distance to forest edge m Distance

The data was collected in the grid type analysis model in the ArcMap
program. The analytical grid size was selected at 100 x 100 m, corresponding
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to the detail of the land use patterns in the created spatial data sets. A centroid
was created for each grid cell, thus covering the area under investigation with
220000 data collection points. The values of all the factors were read at each
point, supplemented with X and Y coordinates in the LKS-92 system and stored
for further statistical analysis in the form of a table.

To estimate the probability of farmland abandonment we constructed two
autologistic binary regression (ABR) models as implemented in software R 3.4.0.
(R Core Team 2017). One model was made to compare probabilities for semi-
abandoned farmland versus farmland in active agricultural use. The second model
was used to compare abandoned farmland versus farmland in active agricultural
use. To account for spatial autocorrelation, in both models a distance-weighted
autocovariate was included (calculated in R package spdep (Bivand et al. 2013)).
Land quality, distance to roads, cadastre area, previous land use patch areas,
soil texture (peat as reference level), erosion risk and drainage were used as
independent variables in both models. There was no multicollinearity between
independent variables, as generalized variance-inflation factor values were below
2 for all variables. All distance and area variables were scaled to unit variance
before analysis as they had a high difference in amplitude. Log-odds were also
expressed as odds ratio values for easier interpretation of results. Explained
variance was calculated using the McFadden method of pseudo r-squared for
generalized linear models as implemented in R library (pscl) (Jackmans 2017).

1.4 Assessment of ecosystem service supply potential

The geospatial data set for ES assessment was constructed based on
the coverage of agro-ecological conditions of agricultural land (land quality, soil
and terrain) and the type of land management. As a composite value of agro-
ecological conditions, the land quality value and the reduction of soil texture
were grouped into 2 categories: mineral soils and organic (peat) soils were
applied. The qualitative value of the land was divided into 3 classes, using 25
and 50 points (LLU 2019) as threshold values, relatively indicating the fertility
of agricultural lands and the potential for marginalisation. Slope values were
divided into three classes depending on the impact of the slope on potential
of soil erosion. The types of land management were divided into five classes
depending on the intensity of the land management practice intervention on
the soil’s surface and the relevance of grassland species to a particular habitat.
The grouping of determinants of ES assessment (Table 3) created ES assessment
categories. A field, a spatial unit of continuous land use, whose borders were either
determined by the data from the rural register (declared fields) or by the site
survey and remote sensing data, was identified as an ES assessment and service
providing area. Each ES providing area (field) was subjected to zonal statistical
analysis and was assigned the dominant value of the basic determinant of ES.
The type of management was determined according to the data from the rural
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register. Certain agricultural land uses (orchards, short rotation coppice) were
excluded from the ES assessment due to their low presence in the area of study.

Classes

Table 3
Classification of determinants of ES assessment
Determinants
Soils Slopes Type of management
Low quality <4° Cultivated grasslands
Medium quality 4-10° Permanent grasslands
High quality > 10° Semi-natural grasslands

Organic soils

Cropland

Abandoned agricultural land

The supply potential of ES was assessed using the matrix method approach

(Burkhard et al. 2009) for five provisioning and nine regulating services (CICES
2015) related to agroecosystems. One indicator was defined for each service.
An expert panel consisting of geography, biology, environmental science,
agriculture and soil science experts, based on research of scientific articles,
carried out a semi-quantitative assessment of each ES on a scale ranging
from 0 (no service provided) to 5 (very high service provision). The assigned
ES values are potentially replaceable by actual service values when such values
will be available. The cultural ES were not evaluated using the matrix method,
since the provision of services is linked to the landscape elements determining
the provision of the service (Table 4).

List of cultural ES and their evaluation criteria

Table 4

Cultural ES Landscape feature Buffering distance
Rural recreational enterprises 3 km
Physical and Watch towers 300 m
experiential Tourist trails 100 m
interactions Area of hunting clubs 0m
(recreational) Camping sites 300 m
Social gathering places 300 m
. Educational trails 100 m
Educational - :
Educational sites 100 m
Monuments 100 m
Cultural heritage Manor houses, old farmsteads 100 m
Traditional land use 300 m
Water bodies and streams 300 m
Naturalness of surroundings 100 m
X Naturalness of land use 0 m
Aesthetics -
Linear landscape elements 300 m

Relief

standard deviation > 10 5 x 5 km grid

Openness

forest cover < 50 % 5 x 5 km grid
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Bundles of ES were revealed through the principal component analysis of
semi-quantitative ES values for grassland plots (observations) and ES (variables)
based on the matrix as input data (Queiroz et al. 2015) using SPSS software.
The trade-offs and synergies were assessed using a correlation analysis for each
pair of ES. Distribution of ES hotspots was done by counting ES to high values
(4.5), cold points - counting ES with low values (1, 2).

1.5 Development of multi-criteria decision analysis tool

The multi-criteria decision support (MCDS) is a framework designed to
guide the decision-making process, taking into account a number of criteria, in
situations where a number of objectives need to be achieved and a number of
stakeholders have to be involved (Belton & Stewart 2002). Territorial planning
and management aims are of a complex structure that cannot be expressed by
a single indicator or a single dataset (Koschke et al. 2012). The proposed MCDS
frame provides a structured scheme that combines the results of ES values with
biophysical and socio-economic data sets for an integrated use in the planning
process.

Table 5
Functionality and target audience of MCDS tool

Functionalities
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| I S RPN I=T (R~ N I = A I .
Tool Modules <|®|®|&B| 8| >|A&| 2| & |Target audience
Viva Grass Viewer X | X |X X X General public
Viva Grass Bio-energy | X X | X | X X Planners, researchers
Viva Grass Planner X | X | X X | X | X | X |Planners, researchers

The individual tool models are designed for different functionalities and
different user groups (Table 5). The complete functional support of the MCDS
process is provided by the Viva Grass Planner module, which requires an
understanding of GIS data processing processes. Viva Grass Viewer is aimed
at exploring the ES assessment and ES interaction, Viva Grass Bio-Energy is
designed for planning the use of grass biomass as a fuel source.
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The operationalizing of ES into the MCDS tool was based on a scheme adapted
from Langemeyer et al. (2016) (Fig. 3). In the framework of the approbation
of the MCDS tool, the development of each phase of the process focused
on the involvement of stakeholders, which was carried out in the meetings
of the working groups. The author of the thesis carried out the approbation of
the MCDS tool within one administrative area (Césis municipality).

It was linked with the municipal development programme and territorial
plan. Stakeholders’ meetings included representatives of the municipal spatial
planning specialists, employees of the administrative management of Césis
municipality, rural consultants, tourism specialists, farmers, businessmen and

residents.

MCDS web tool
Problem Definition Definition Weighting Prioritisation of
definition of alternatives of criteria of criteria alternatives

Stakeholder

=

engagement

Figure 3. Multi-criteria decision support scheme
(adapted from Langemeyer et al. 2016)

Implementation
of decision

For the weighting and prioritisation of the MCDS criteria, a weighted
sum model (Triantaphyllou 2000) was used, where separate ES were chosen
as weighing criteria for which a user (a group of stakeholders) assigns certain
values with a total value of 100, resulting in a prioritisation weight calculated

on the basis of the formula

Index;

s max(Index) *xn
P

Weight/100

where Index - value of a particular index, max(Index) - maximum value of
a selected index, and Weight - user-defined weight for the component. The total
weight index is the sum of the selected components. Weighting scales can be
saved and edited. Since the weighted-sum model requires values where all
criteria are expressed in the same unit, the MCDS tool includes the possibility
of classifying data which allows for the addition of data of different expression
to prioritisation, such as the “cold spot” value or belonging to the trade-offs, as
well as data created to deal with certain problems, i.e., as the “agricultural land
abandonment risk” index. Additionally, required indicators in the MCDS tool
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are to be used as core data derivatives or as new composite indices formed as
weighted-sum models according to this formula:

n
AiSSM—value — ij aij,kuri =123,..m
j=1

where w; — weight of criteria, a; - value of criteria and A""**value of composite
index.,

In the municipality of Césis, the MCDS tool was approbated for
the development of prioritization of agricultural land management in
the context of maintaining and increasing tourism potential. The workflow of
the MCDS (Fig. 4) was implemented in 5 successive stakeholder meetings, each
marking a discussion of the results of the previous meeting and, if necessary, an
adjustment; the first meeting was devoted to the presentation of the ES approach.

improvement to be assessed
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Low risk 3. priority needs for infrastructure
! improvement to be assessed
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Priority ' Management action
‘ |
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Moderate risk I 5.priority ! infrastructure
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Figure 4. Workflow of MCDS for the prioritisation of management of
agricultural land
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‘ Data maintanance and administration ‘

Viva Grass Plnner

H ‘ Data products ‘
lﬁ»

Viva Grass Viewer Tool’s products

‘ Viva Grass Bio-energy ‘

Information products‘

Tool’s modules

Tool's web
portal

Figure 5. The structure of the web based MCDS tool

1.6 GIS and cartographic solutions for the web-based tool

The Viva Grass Tool is based on an ArcGIS Enterprise platform. Data is
stored in a common spatial database (PostgreSQL) and published as GIS services
(maps). The web-based tool modules/applications were constructed using
the ArcGIS Web application builder. To fulfil custom requirements, additional
application widgets were developed (Fig. 5). The Viva Grass Tool includes three
main Tool modules: Viva Grass Viewer, Viva Grass Bio-energy and Viva Grass
Planner targeted to particular users and decision-making contexts. The three
modules produce and use various data and information products, which can be
linked with other information platforms.

The assessment maps of ES and calculation results are available as “data
product” shape file archives. The assessment matrix and the algorithms that
were used are available as “information products”
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2. RESULTS AND DISCUSSION

This section describes and discusses the main results of the thesis: the analysis
of the drivers of land use change, the assessment of ecosystem services and
an analysis of their interaction, the approbation of the multi-criteria decision
support tool.

2.1 The results of the assessment of the drivers of land use
change

The method implemented in the thesis identified the drivers of land use
change and the probability (risk) of abandoning agricultural land. The changes
in land use are linked to land reform following the collapse of the USSR and
the restructuring of the agricultural sector after accession to the EU.

Table 6
Results of autologistic binary regression
. Land Variable | Estimate | Odds ratio | Std.error t-value p-value
maintenance type
KVP -0.38 0.69 0.06 -6.55 < 0.001
KLI -0.32 0.72 0.05 7.09 < 0.001
ALC -0.07 0.93 0.04 -1.59 0.113
3 ALF 0.23 1.27 0.04 5.97 < 0.001
fé AMM -0.26 0.77 0.05 -5.63 < 0.001
g ACS 0.17 1.19 0.04 4.18 < 0.001
< ZKV -0.32 0.73 0.05 -6.36 < 0.001
=] MSK -0.58 0.56 0.01 -5.76 < 0.001
S NST -0.03 0.97 0.10 -0.25 0.803
é Soil texture (peat reference)
g -0.55 0.58 0.21 -2.68 0.007
SL -0.40 0.67 0.14 -2.85 0.004
S -0.19 0.83 0.16 1.21 0.227
LS -0.38 0.67 0.14 -2.85 0.004
KVP -0.09 0.91 0.02 -2.85 < 0.001
KLI -0.22 0.80 0.02 -2.85 < 0.001
ALC 0.04 1.04 0.02 -2.85
) ALF 0.24 1.27 0.02 -2.85 < 0.001
j AMM -0.59 0.55 0.03 -2.85 < 0.001
-] ACS 0.17 1.18 0.02 -2.85 < 0.001
g ZKV -0.58 0.56 0.03 -2.85 <0.001
'g MSK -0.40 0.67 0.05 -2.85 < 0.001
£ NST -0.33 0.72 0.05 -2.85 < 0.001
-2 Soil texture (peat reference)
M -0.95 0.39 0.10 -2.85 < 0.001
SL -0.61 0.54 0.07 -2.85 < 0.001
S -0.40 0.67 0.09 -2.85 < 0.001
LS -0.72 0.49 0.06 -2.85 < 0.001

KVP - size of cadastre parcel, KLI - size of previous land use patch, ALC - distance to rural centre,

ALF - distance to farm, AMM - distance to forest edge, ACS - distance to road, ZKV - land quality,
MSK - presence of drainage, NST - slope > 15°, C - clay, SL - sandy loam, S - sand, LS - loamy sand.
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Regression models are commonly used to assess the drivers of land use
changes in different regions and scales (Millington et al. 2007). The results of
the autologistic binary regression (Table 6) indicate that higher land quality value
in the Vidzeme mosaic-type landscape reduces the possibility that farmland
will be transformed to semi-abandoned (unutilised) farmland (odds ratio 0.73,
p < 0.001) or abandoned agricultural land (odds ratio 0.56, p < 0.001). The soil
texture has no statistically significant impact on the probability that agricultural
land will be transformed into partly abandoned land, while the probability
of abandoning agricultural land decreased with all variations of soil texture
calculated relative to peat.

The absence of steep slopes (odds ratio 0.72, p < 0.001) reduces the probability
that farmland will be abandoned, while the presence of drainage systems
reduced the possibility that farmland will be partially abandoned (odds ratio
0.56, p < 0.001) or abandoned (odds ratio 0.67, p < 0.001). Increased distance
to farms (odds ratio 1.27, p < 0.001) and road paved with gravel or asphalt
pavement (odds ratio 1.18, p < 0.001), as well as a decrease in distance to forest
edges (odds ratio 0.55, p < 0.001) increased the probability that farmland would
be abandoned. Greater distance to farms (odds ratio 1.27, p < 0.001) and shorter
distance to the forest edge (odds ratio 0.78, p < 0.001) increased the probability
that agricultural land would not be used for agricultural production.

The overall explained variance of the ABR model for farmland abandonment
in the Vidzeme mosaic-type landscape is 29.21 %, while for partial abandonment
it is 40.48 %. Although the explained variance within the area under investigation
varied, in all parishes the land quality value and the distance to forest edges
were important factors for increasing the risk of abandoning agricultural
lands. In most of the areas increasing the distance to the farm also increased
the abandonment risk of agricultural lands. The unexplained variance of
the model is attributable to the effects of factors not included in the model, for
instance, socioeconomic factors on the farm level, such as farm income and size,
age and education level of the farmer, continuity and persistence of agricultural
practices and the level of mechanisation (Baldock et al. 1996; Van Doorn and
Bakker 2007; Kristensen et al. 2004; MacDonald et al. 2000, Terres et al. 2015).
Socio-economic and demographic indicators at the regional level also play an
important role (Kuemmerle et al. 2008; Prishchepov et al. 2013).

The obtained results allow the formation of a composite indicator to be
used in a weighted-sum model from a number of variables which showed
significant impact on land use change, such as the quality of land, the distance
to a farm and the distance to a forest edge, and thus allows for the creation of
an agricultural land abandonment risk index used in the multi-criteria decision-
making support tool (Chapter 2.3).
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2.2 Assessment of ecosystem services

As a part of the assessment of ecosystem services, a specific indicator
value was applied to the expression of each service (for provisioning services
in metric units, for regulating services — relative units) and later categorised in
the ordinal scale of the ecosystem service assessment matrix (1-5). For instance,
indicator for the ES “fodder” is t/ha/year, i.e. value “1” stands for < 1 t/ha/year,
“2” - 2-3 t/ha/year etc. An indicator for ES “habitat maintenance” is number
of species of vascular plants per 1 m? ie. value “1” stands for “very low
number of species”, value “5” - very high number of species (Table 7, Fig. 6).
The structure of the matrix allows for the substitution of ordinal data with actual
values when they are available.

Table 7
Extract of the expert-based scores matrix

Provisioning ES Regulating ES

Filtration / accumulation
Chem. con. of freshwaters

Cultivated crops
reared animals
Fodder

Biomass for energy
Medical herbs
Bioremediation
Erosion control
Pollination

Habitat maintenance
Weathering

Global climate regulation

ALU class

11. Permanent grasslands on plain
relief, low land quality
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12. Permanent grasslands on plain
relief, medium land quality
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13. Permanent grasslands on plain
relief, high land quality 0 1413]3)2)414/0)41314)5/3

14.. Permanent grass.lands on plain ol3/21202/5lalolalslol3]a
relief, on organic soils

15. Permanent grasslands on gentle
slope, low land quality

16. Permanent grasslands on gentle
slope, medium land quality

17. Per@anent grassl'fmds on gentle olalslsl2lalals|alslals]s
slope, high land quality

18. Permanent grasslands on gentle
slope, on organic soils

19. Permanent grasslands on steep
slope, low land quality

20. Perman'ent grassland§ onsteep | ol 5ol lalss5lalslalals
slope, medium land quality
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The developed ES assessment method identifies the potential for the provision
of the service under the given agro-ecological conditions, taking into account
the land management intensity. For example, cultivated grassland - ploughed
at least once every five years, a reseeded, fertilised agroecosystem, will provide
a higher value for provisioning services than permanent grasslands under any
early ecological conditions. On the other hand, semi-natural grasslands, a non-
intensively managed, species-rich agroecosystem will provide a higher value for
regulating services under any agro-ecological conditions.
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Figure 6. Results of ES assessment in Césis municipality
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The principal component analysis revealed 3 main components (Table 8),
which correspond to three bundles accounting for 90.53 % of the total variance.
The first component accounts for 48.18 % of the total variance and is positively
correlated with “herbs for medicine”, “maintaining habitats”, “global climate
regulation” and “pollination” ES and negatively correlated with “reared animals”,

“fodder” and “biomass-based energy sources” ES. This component represents
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a trade-off between provisioning ES related with cultivated grasslands and
the ES characteristic of semi-natural habitats. The second component accounts
for 28.1 % of the total variance in the dataset and is positively correlated with
“filtration/ accumulation by ecosystems”, “bio-remediation” and “chemical
condition of fresh waters” ES. The third component explains 14.25 % of
the total variance and is positively correlated with the “control of erosion” and
“weathering processes” ES.

Table 8

Factor loadings showing the correlation between the original variables (ES)
and the components extracted by the PCA

Ecosystem services 1** component 2" component 3 component
reared animals -0.958
Fodder -0.807
Biomass-based energy sources -0.808
Medical herbs 0.921
Pollination 0.846
Habitat maintenance 0.953
Global climate regulation 0.726
Bioremediation 0.839
Filtration / accumulation 0.845
Chem. cond. of freshwaters 0.766
Erosion control 0.608
Weathering 0.902

Based on the results of the principal components analysis, it is possible to
distinguish bundles of ecosystem services, a kind of ES grouping where synergies
between services appear, i.e. the value of one service increases the value of all
other services in the bundle, or trade-off, when the value of one service increases
and thus the value of other services will reduce in the bundle (Mochet et al.
2014; Spake et al. 2017). As the first component revealed two distinct polarities,
two distinct bundles where identified, thus providing that inside the bundle only
a synergetic relationship appears and the trade-oft is located in the relationship
between bundles. Bundles were given names that reflect their functionality and
more clearly disclose their nature:
o  Habitats bundle. Synergetic relationships among “herbs for medicine’,
“maintaining habitats”, “global climate regulation”, “pollination” ES;

o  Productivity bundle. Synergetic relationships among “reared animals’,
“fodder” and “biomass-based energy sources” ES

o Soil bundle. Synergetic relationships among “filtration/ accumulation
by ecosystems”, “bio-remediation’, “chemical condition of fresh waters”,
“control of erosion” and “weathering processes” ES.
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The belonging of a given field to a particular ES bundle was determined
if their average value of ES in the bundle exceeded the threshold value 3, i.e.,
the potential of the services was provided above the average value (Fig. 7).
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Figure 7. Distribution of ES bundles “Habitats” and “Productivity” in Césis
municipality

The mapping of ES bundles provides base information for spatial character of
interaction among ES, thus disclosing a decisive foundation for decision making
on most suitable agricultural land use of the given field. In a situation where
services in the “habitats” bundle provide above average values, but services in
the “production” bundle provide below average values, is called a “trade-off in
benefit of habitats bundle” In a situation where services in the “habitats” bundle
provide below average values, but services in “production” bundle provide above
average values, is called a “trade-off in benefit of production bundle” (Fig. 8).
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Figure 8. Trade-offs among ES bundles and hot/cold spots of ES supply potential in
Césis municipality

27



Nevertheless, in a study area where such exceptional situations were present
when ES values in both bundles displayed low and very low values, or in
the opposite situation, where ES values in both bundles displayed high and very
high values. The former is called “cold spots of ES supply potential’, the latter —
“hot spots of ES supply potential”

The research on ecosystem service trade-offs have brought on the agenda of
the landscape ecological studies serious issues: agroecosystems to a large extent
depend on the provisioning of ES (e.g., pollination, pest and disease control,
soil fertility maintenance), while agroecosystems are also important suppliers
of ecosystem services (firstly, provisioning services, but also certain regulatory
and cultural services) (Garbach et al. 2014; Willemen et al. 2017). However,
in the context of intensification of agriculture, the focus is on the accession of
provisioning services, which is linked to serious trade-offs (Kirchner et at. 2015).
The scientific literature provides a detailed description of the trade-off between
agricultural production and regulating ES (Haines-Young et al. 2012; Maes et al.
2012) e.g., carbon sequestration (Schulze et al. 2005; Glendell & Brazier 2014),
pollination (Power, 2010; Cole et al. 2017, maintaining of habitats (McLaughlin &
Mineau 1995; Tscharntke et al. 2005). The presented study supports the opinion
that under the same agro-ecological conditions, increasing the intensity of
agricultural activity will increase in the value of the “productivity” bundle and
will lead to a decrease in the value of the “habitats” bundle services.

2.3 Multi-criteria decision support

The application of the multi-criteria decision support tool is implemented
through the framework of the decision-making systems, which are designed
for addressing specific problems. Within the framework of the thesis,
the prioritization of the territory management within the context of landscape
maintenance in the Césis municipality.

The discussion of experts and stakeholders identified criteria for the selection
of high value landscapes and tourist-relevant areas. The chosen criteria are
cultural ecosystem services (aesthetic value, recreational value, educational
value, heritage value) and ecological value (average value of ecosystem services
for the “habitats” bundle). Two composite indices were identified and used for
the selection of risk areas: “risk of hogweed invasion” represented by the location
of territories in relation to areas contaminated with Sosnovsky hogweed and
“risk of abandonment of farmland”, represented by a weighted sum of a land
quality (50 %) distance from a farm (30 %)) and distance to a road (20 %).

The weighing of the criteria resulted in the weights of the criteria matrix
based on ES linked to the aims of a sustainable development strategy of
the Césis municipality for 2030: quality of life and environment, employment
opportunities, health; safety, cultural accessibility, educational and lifelong
learning, social infrastructure, security and care. The average priorities for each
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criterion, when calculated as a percentage, was expressed as the “weight” used
in the prioritization calculations of the MCDS tool (Table 9).

Table 9
Decided weights of criteria by experts and stakeholders
Criteria Weight (%)
Aesthetic value 25
Recreation value 18
Education value 12
Heritage value 22
Ecological value 23

The MCDS tool prioritisation is performed by assigning a sequential
number to each territorial unit. By default, this set is divided in five categories
using natural brakes as threshold values. The categorisation by quantiles or same
size groups can be employed if needed. This division is categorised into three
categories of landscape values - high, medium and low. When applying risk
categories to value categories, site management priorities are created (Fig. 9).

Managment priority
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I 2. priority )

[ 3. priority %3 o
4. priority \‘; * ‘-:-"f /\)
5. priority ‘QL 14 £ ﬁ

Figure 9. The results of the prioritisation of farmland management in Césis
municipality

In the described multi-criteria decision support process, in order to avoid
risks that a small group of stakeholders may have a significant influence on

certain values or weights (Stirling 2006), the deliberative multi-criteria evaluation
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(Mavrommati et al. 2017) was applied, enabling greater awareness and public
involvement in the planning process.

2.4 GIS and cartographical solutions for web-based tool

Viva Grass Viewer is the basic module of the MCDS tool available for
the general public. It is designed as an explorer of thematic maps (contextual
layers) (Fig. 10) with limited possibilities to edit maps — the user can modify
agricultural land use to a chosen field and explore the changes in supply
potential of ES, belonging to the ES bundles, trade-offs and cold/hot spots, as
well as to obtain the recommendations for agricultural land use intensity for
the given agro-ecological conditions.

715 Viva Grass Viewer

ot

Figure 10. Viva Grass Viewer, screenshot

Viva Grass Planner is the main module of MCDS tool and is accessible for
registered users. Basic knowledge of GIS is required to use this module. Viva
Grass Planner contains all contextual layers of ES assessment and interaction
analysis (Fig. 11), as well as possibility to upload any additional data required
for specific analysis. This module operates as an online GIS software able to
perform basic spatial analytics, display and to export the results.
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Figure 11. Viva Grass Planner, screenshot

31




CONCLUSIONS

Three consecutive studies were carried out with the aim to develop and
approbate ecosystem service approach for land management in agroecosystems
in mosaic-type landscapes:

o assessment of drivers or land use change in mosaic-type landscape;

o development of biophysical method of ecosystem service assessment
for agro-ecosystems;

o integration of ecosystem services and drivers of land use change in
multi-criteria decision support tool for planning and management of
agro-ecosystems.

The effectiveness of autologistic regression models in assessing the drivers
of landscape change has been demonstrated. The study has shown that the most
important biophysical and locational factors are the land quality, the distance
to farms, roads and forest edges, which function as the strongest drivers for
the abandonment of agricultural land in the mosaic-type landscape in Vidzeme.
The study demonstrated that for the development of more accurate land use
scenarios, the ABR model should be complemented with farm-level socio-
economic data.

As a part of the thesis, the assessment and mapping method of ecosystem
services for agricultural land has been developed and analysis of the interaction
among ecosystem services has been carried out. The study shows that, under
similar agro-ecological conditions, the intensification of land management
increases the value of provisioning services and reduces the value of regulatory
services, thereby leading to a trade-off situation. On the other hand, under
unfavourable agro-ecological conditions, such as poor soils or steep slopes,
intensification does not lead to an increase of provisioning services and
creates “cold points” of ecosystem service supply. The method presented
in the thesis has been used to map ecosystem services in agroecosystems in
the Baltic states.

The drivers of land use change and the assessment of ecosystem services were
used in the multi-criteria decision support as weighted criteria for improving
land management in marginal territories. An integrated planning scheme for
the prioritisation of agricultural land management for the maintenance and
enhancement of landscape aesthetic and tourism values has been developed
and approbated in the framework of the current thesis. The newly elaborated
approach is included in the integrated planning tool Viva Grass Tool.

The results of the thesis can be applied in forecasting changes in the use
of agricultural land and provision of ecosystem services, and also in analysing
the impact of the agricultural policies. The assessment of ecosystem services
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should be used as an integral part of the MAES (Mapping and Assessment of

Ecosystem Services) process.
For a further advancement of the results of the thesis, the developed

models should be supplemented with forest land data, thereby obtaining an
effective instrument to support decisions in the planning and management of
rural areas.
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ANOTACIJA

Promocijas darbs ir secigu pétijumu kopa, kuras ietvaros ir izstradata
daudzkritériju lémumu pienemsanas atbalsta shéma zemes izmanto$anas
parvaldibas uzlabo$anai mozaikveida ainavu agroekosistémas. Darba ietvaros
tika aprobéts autologistiskas binaras regresijas modelis zemes izmantoSanas
mainas virzitajspéku novértésanai Vidzemes augstienes mozaikveida ainava. Ka
svarigakie lauksaimniecibas zemju izmanto$anas izmainu faktori tika identificéti
zemes kvalitativa vertiba, attalums lidz lopu novietnei, attalums lidz celam un
meza malai. Darba tap$anas laika tika izstradata ekosistému pakalpojumu
novértéSanas un kartéSanas metode agroekosisttmam Vidzemes augstiené,
un talak ta tika aprobéta visas Baltijas valstis. Promocijas darba ietvaros tika
veikta ekosistému pakalpojumu mijiedarbibas analize, identificéjot pakalpojumu
nodros$indgjuma kompromisus un “aukstos” un “karstos” punktus. legtie
rezultati tika iestradati daudzkritériju lémumu pienemsanas atbalsta rika un ir
izmantojami teritoriju planosana un zemes parvaldiba. Daudzkritériju léemumu
pienemsanas atbalsta riks tika aprobéts teritoriju apsaimniekosanas prioritasu
noteik§anas modeli Césu novada. Promocijas darba rezultati ir izmantojami
lauksaimniecibas politikas, teritorijas attistibas un zemes parvaldibas modelésana
un analizé.
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SAISINAJUMI

ABR - autologistiska binara regresija

DKLA - daudzkritériju léemumu atbalsts

GIS - geografiskas informacijas sistémas

IADT - ipasi aizsargajamas dabas teritorijas

LIDAR - aerolazerskenésanas metode (Light Detection and Ranging)
LIZ - lauksaimnieciba izmantojama zeme
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IEVADS

Cilvéku darbiba ir tie$i mainijusi teju 75% no ledajiem brivas sauszemes
teritorijas (Ellis un Ramankutty 2008). Tas izpauzas ainavas strukttru, funk-
ciju un sniegto ekosistému pakalpojumu izmainas. Globalais pieprasijums péc
partikas un bioenergijas 21. gadsimta turpinas pieaugt (Schneider et al. 2011),
tadéjadi paklaujot arvien lielakai intensifikacijai augligas lauksaimniecibas ze-
mes (Tilman et al. 2011). Savukart zemes, kas geografiska novietojuma zina ir
mazak piemérotas lauksaimniecibai, skar marginalizacijas process. Tas kopuma
veicina ainavas polarizaciju. So procesu izpausmes novérojamas ka kontinentala,
ta nacionala meéroga. Eiropas dienvidos un austrumos vairak izteikta lauksaim-
niecibas zemes pame$ana un aizaug$ana ar krimiem, bet Eiropas centralaja
un ziemelu dala ir raksturigaka lauksaimniecibas intensifikacija (Rienks et al.
2008). Nacionila méroga, pieméram, Latvija, zemes denacionalizacijas rezul-
tata pamestas lauksaimniecibas zemes augligajos regionos Sobrid ir pilniba no
jauna atgrieztas lauksaimnieciska razo$ana, savukart nomala novietojuma un
lauksaimniecibai nelabvéligos agroekologiskos apstaklos norit to pamesana un
dabiska vai apzinata apmezo$ana (Nikodemus et al. 2005; Nikodemus et al.
2010; Vanwambeke et al. 2012; Vinogradovs et al. 2018, Zarina et al., 2018).

Lai izprastu ekosistémas un sabiedriba notiekosas izmainas, ir nepiecieSams
izmantot kompleksu pieeju ainavu izpétei, proti, pétit cilvéku un vides attiecibas
ainava, ainavas struktiiru un zemes lietojuma intensitati, ainavu vésturi, ainavu
vértibas un nozimi, un to parvaldibu (Plieninger et al. 2015).

PétTjuma aktualitate

Lauksaimnieciba ir ta cilvéka darbibas joma, kas atstaj visplasako ietekmi
uz vidi (Balmford et al. 2012). Si ietekme izpauzas ekosistému un biologiskas
daudzveidibas samazinasana (Newbold et al. 2015), siltumnicas efektu izraiso$o
gazu emisija un izmainas slapekla un fosfora aprites ciklos (Burney et al. 2010),
kas savukart izraisa iek$éjo adenu un jaras pastiprinatu eitrofikaciju. Gan lauk-
saimniecibas intensifikacija, gan marginalizacija veicina ainavas homogenizaci-
ju — ainavas struktiras vienkar$o$anos — un talab daudzam sugam piemeérotu
dzivotnu samazinasanos, tai skaita mazo ainavas elementu un atsevisku zemes
lietojuma veidu izzu$anu intensivi apsaimniekotas teritorijas (Nikodemus et al.
2018), dabisku un apzinatu lauksaimniecibas zemju apmezo$anu marginala
novietojuma (Nikodemus et al. 2005; Vinogradovs et al. 2018). Mozaikveida
ainavas, kuru telpisko struktiru nosaka komplicéti agroekologiskie apstakli, ir
seviski paklautas marginalizacijas un homogenizacijas procesiem.

Zemes parvaldiba, nodrosinot ilgtspéjigu zemes izmanto$anu, ietver mi-
néto procesu meérktiecigu vadiSanu. Eiropas Savienibas (turpmak ES) kopéjas
lauksaimniecibas politikas nozimigakie meérki pamatnostadnu vides jautajumos
(European Commission, 2019) ir nodrosinat ilgtspéjigu zemes apsaimniekog$anu,
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noveér$ot videi kaitigu lauksaimniecisko darbibu, un stimulét videi draudzigu
pre¢u razosanu un pakalpojumu nodrosinasanu. Kopéjas lauksaimniecibas poli-
tikas izstradata agrovides pasakumu kopa ir vérsta uz lauksaimnieciskas darbibas
ietekmes uz vidi mazinasanu - novérst dzivotnu un biologiskas daudzveidibas
samazinasanos, nepielaut batisku ainavas transformaciju, mazinat méslojuma un
pesticidu izraisito piesarnojumu. So pasakumu lielaka efektivitate ir teritorijas,
kur tie sniedz vislielakos ieguvumus (Betary et al. 2015). Viens no risinajumiem
minéto mérku sasnieg$ana un teritoriju izvélé ir ekosistému pakalpojumu kon-
cepta ievieSana zemes politika un parvaldiba (Van Zanten et al. 2014).

Ekosistému pakalpojumu pieeja ir istenojama zemes parvaldiba, seviski
zemes izmanto$anas politika, teritorijas plano$ana un ietekmes uz vidi noveérte-
$ana (Rozas-Vasquez et al. 2019), jo ta spéj sniegt holistisku prieksstatu, vienlai-
kus nodrosinot nepiecie$amo pamatinformaciju par vides stavokli un kvalitati,
ekosistému funkcionésanu un $o funkciju potenciala izmainam, nemot véra ari
sabiedribas ekonomiskas intereses (Hansen et al. 2014).

Pastav vairakas pieejas ekosistému pakalpojumu novértésanai, proti, to
apzinasanai un kartéSanai (assessment, angl.). Tiek izmantotas biofizikala no-
vértéjuma metodes, kuras ekosisttmu pakalpojumu novértéjums tiek balstits
uz ekosistému struktiiru vai funkciju noteicosiem biotiskiem un abiotiskiem
faktoriem (Burkhard and Maes, 2017); ekonomiska novértéjuma metodes, ku-
ras sabiedribas ieguvums tiek aprékinats naudas izteiksmé (Farber et al. 2012),
un sociala novértéjuma metodes, kuras ekosistému pakalpojumu vértibas tiek
iegatas socialantropologisku izzinas metozu cela (Plieninger et al. 2013).

Promocijas darba laika tika izstradata jauna biofizikala novértéjuma pieeja
ekosisttmu pakalpojumu nodro$inajuma potenciala apzinasanai agroekosisté-
mas. Pieejas pamata ir zemes kvalitativas vértibas, augsnes, reljefa un saimnie-
kosanas intensitates datu izmanto$ana ekosistému pakalpojumu aprékinasanai
konkréta platiba. Lauks ir teritoriala pamatvieniba, kuru izmanto integrétas
administracijas un kontroles sistémas maksajumu aprékinasana zemniekiem.
Metode ir efektivi lietojama Baltijas valstis, jo ta ir balstita $ajas valstis pieejamos
datu slanos - augsnes un zemes vértéjuma digitalajas kartes, reljefa modelos un
integrétas administracijas un kontroles sistémas datos, kas vienlidz parklaj visu
teritoriju.

Zemes parvaldibas isteno$anai svarigi ir izveidot sistému, ar kuras palidzibu
léemumu pienéméji — politiki un ierédni, zemes Ipasnieki vai tas lietotaji — spé-
tu novértét zemes izmanto$anas veidu un to mainas ietekmi uz sniegtajiem
ekosisttmu pakalpojumiem, ka arl prognozét iespéjamas izmainas nakotné.
Sobrid pastav atskirigas pieejas ekosistému pakalpojumu integrésanai telpiskaja
planosana (Grét-Regamey et al. 2017), tomér neviena no tam nav pielagota $o
pakalpojumu novértésanai un izmanto$anai zemes parvaldiba agroekosistémas.
To pamata ir vai nu ierobezoti dati (piem., tikai zemes segums (Dailey et al.,
2009)), vai sarezgiti iegstami sakotnéjie dati (Grét-Regamey et al. 2017), ka ari
biezi vien to lietosanai ir nepiecie$amas specifiskas priek$zinasanas un iemanas
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(Bagstad et al. 2011; Jackson et al. 2013; Fiirst et al. 2010; Peh et al. 2013;
Pickard et al. 2015). Tadéjadi $is pieejas nevar plasi un efektivi izmantot, jo
sniegto ekosistému pakalpojumu novértéSana nevar izmantot eso$as nacionalas
geotelpiskas datubazes.

Promocijas darba tiek aprakstits un analizéts LIFE Viva Grass projekta
izstradatais integrétas planosanas riks, kura izveidé autors ir aktivi lidzdarbojies.

Zinatniska novitate

Promocijas darba pamata ir tris izvirzitie pamatuzdevumi un to novatoriski

risinajumi:

1.

Zemes izmantoSanas izmainu virzitajspéku apzina$ana mozaikveida

ainava:

a) veikta plasa geotelpisko datu apkopo$ana, izmantojot talizpétes,
geotelpiskas analizes un lauka apseko$anas metodes;

b) pirmo reizi izstradata un aprobéta metodika autologistiskas binaras
regresijas (ABR) modela izstradei lauksaimnieciba izmantojamas
zemes (LIZ) pame$anas modelé$anai mozaikveida ainava.

2. Ekosistému pakalpojumu apzina$ana un kartéSana agroekosistémas:

a) izstradata jauna ekosistému pakalpojumu noveértésanas metode,

kuras pamata ir zemes kvalitativas vértibas, augsnes, nogazu slipuma

un integrétas administracijas kontroles sistémas dati; izstradataja

metodé tiek izmantotas jau eksistéjoSas visaptveroSas nacionala
limena geotelpiskas datubazeés, kas ir pieejamas Baltijas valstis;

b) veikta ekosisttmu pakalpojumu vértibu mijiedarbibas statistiska
analize, kas lava izdalit ekosistému pakalpojumu telpiskas kopas,
kompromisu un sinergijas situacijas, tadéjadi nodrosinot ekosistému
pakalpojumu novérté$anu zemes parvaldibas plano$ana.

3. Daudzkritériju léemumu pienemsanas atbalsta rika jeb integréta plano-
$anas rika Viva Grass Tool pamata eso$as algoritmu kopas izstrade:

a) ekosistému pakalpojumu vértibu un ekosistému pakalpojumu mijie-
darbibas vértibu kartografiska attélojuma izstrade;

b) ainavu izmainu virzitajspéku, ekosistému pakalpojumu vértibu un
to mijiedarbibas vértibu iestrade svértas summas modelos integrétas
planosanas rika [émuma pienemsanas atbalsta sistémas ietvaros;

¢) veikta integrétas plano$anas sistémas aprobacija mozaikveida ainava.

Hipotéze

Ekosistétmu pakalpojumu pieeja balstits daudzkritériju [émumu pienem-
$anas atbalsta riks ir lietojams zemes izmantoSanas parvaldiba un planosana,
tadéjadi palidzot nodrosinat agroekosistému ilgtspéju.
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Darba mérkis

Izstradat un aprobét ekosistému pakalpojumu pieeja balstitus agroekosisté-
mu parvaldibas risinajumus mozaikveida ainava.

Uzdevumi mérka sasniegSanai

1. Izveidot geotelpisko datubazi ainavu izmainu virzitajspéku un ekosisté-

mu pakalpojumu vértibu apzinasanai.

2. Izstradat ABR modeli LIZ pames$anas varbatibas noteik$anai mozaik-

veida ainavas.

3. Izstradat metodiku ekosistému pakalpojumu vértibu apzinasanai moza-

ikveida ainavu agroekosistémas.

4. Izdalit ekosistému pakalpojumu kopas, kompromisus un sinergijas, vei-

cot ekosistému pakalpojumu novértésanas matricas statistisko analizi.

5. Izstradat kartografiskus risinajumus ekosistému pakalpojumu vértibu

un ekosistému pakalpojumu mijiedarbibas vértibu attélosanai integre-
taja planosanas rika.

6. lestradat ekosistému pakalpojumu vértibu, mijiedarbibas un zemes

izmanto$anas mainas virzitajspéku vértibas svértas summas modelos.

Publikacijas
Promocijas darbs ietver tris secigus rakstus, kuros istenoti darba izstradasa-

na izvirzitie uzdevumi. Promocijas darba uzdevumi ir grupéti cetras grupas, kas

publikacijas tematiski parklajas, bet neatkartojas (1. attéls). Publikacijas pédéjo
divu gadu laika ir publicétas vai pienemtas publicé$anai starptautiski citéjamos
zurnalos.

1. publikacija. Vinogradovs, 1., Nikodemus, O., Elferts, D., & Bramelis, G.
(2018). Assessment of site-specific drivers of farmland abandonment in
mosaic-type landscapes: A case study in Vidzeme, Latvia. Agriculture,
Ecosystems & Environment, 253, 113-121 (citéts Web of Science un Scopus
datubazeés).

Publikacija ir aprakstita metodologija ainavu izmainu virzitajspéku apzi-
nasanai un novérté$anai mozaikveida ainava. Metodologija ir izklastitas datu
iegtisanas, apstrades, statistiskas analizes un modelésanas metodes. Publikacija
satur rezultatu izklastu un interpretaciju. Promocijas darba autors publikacijas
sagatavosanas procesa ir izstradajis geotelpisko datu ievaksanas metodi, ievacis
un verificéjis empiriskus datus, ka ari lidzdarbojies ABR modela izstradé un
interpretéjis iegtitos rezultatus.

2. publikacija. Villoslada, M., Vinogradovs, I., Ruskule, A., Veidemane, K,
Nikodemus, O., Kasparinskis, R., Sepp, K., Gulbinas, J. (2018). A multit-
iered approach for grassland ecosystem services mapping and assessment:
The Viva Grass tool. One Ecosystem, 3, €25380, (citéts Scopus datubazé).
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Publikacija ir atspogulota metodika, kas balstita zemes kvalitativas vértibas,
aug$nu, nogazu slipuma un zemes izmanto$anas datu izmanto$ana ekosistému
pakalpojumu noveérté$anai. Publikacija veikta ekosistému pakalpojumu vértibu
un mijiedarbibas statistiska analize. Izstradata metodika ir komandas darba
rezultats. Autora darbs ir ekosistému pakalpojumu mijiedarbibas statistiska
analize, ka ari lidzdaliba raksta sagatavosana un publicéSana.

3. publikacija. Vinogradovs, I., Nikodemus, O., Villoslada, M., Ruskule, A.,

Veidemane, K., Gulbinas, J., Morknenas, Z., Kasparinskis, R., Sepp, K., Jarv,

H., Kliimask, J., Zarina, A., Bramelis, G. (pienemts publicé$ana) Integrating

ecosystem services into decision support for management of agroecosys-

tems: Viva Grass tool. One Ecosystem (citéts Scopus datubaze).

Publikacija aprakstita daudzkritériju lémumu pienemsanas atbalsta rika
arhitektiras izveides darbplisma, ka arl ekosistému pakalpojumu vértibu un to
mijiedarbibas vértibu integracija svértas summas modelos integrétas planosanas
rika Viva Grass Tool. Integrétas plano$anas rika izstrade ir komandas darbs, kura
promocijas darba autors ir risinajis kartografiska attélojuma problematiku un
ekosistému pakalpojumu nodrosinajuma, mijiedarbibas un agroekologisko
un novietojuma faktoru integré$anu daudzkritériju Ilémumu analizes un atbalsta
modulos.

e —
(e ) . 3
Geotelpisko Virzitajspéku apzinasana Daudz-kritériju
Jatui lemumu atbalsts
datuieguve virzitajspéku izdalisana
ABR modela izstrade daudzkritériju lémumu
lauka apsekosana L : ) atbalsta rika arhitektara

kartografiskie risinajumi
timekli bazétam rikam

esodo datu Eosists Kaloo
bazu analize osistemu pakalpojumu i ~
novértatana EP V(.El’tlbu,- mulgdarblbas
un ainavu izmainu
pakalpojumu vértibu noteiksana virzitajspéku iestrade
talizpéte -
P EP mijiedarbibas apzinasana svértas summas modelos
N
C] uzdevumu grupas I publikacija I publikacija M publikacija —) darbplisma

1. attéls. Promocijas darba uzdevumu sasaiste publikacijas un to saisto$a darbplasma

Saistitas publikacijas
Vinogradovs, I., Nikodemus, O., Tabors, G., Kruze, I, Elferts, D. (2016).
Assessment of factors of landscape change in mosaic type landscape: a case

study of Vidzeme, Latvia. Environmental protection engineering (N 19),
pp. 212-217.
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Nikodemus, O., Penéze, Z., Vinogradovs, I., Rendenieks, Z. (2018). Zemes
izmanto$anas izmainas un to ainavekologiskais vértéjums. Nikodemus, O.,
Klavin$, M., Kri$jane, Z., Zel¢s, V. (zin. red.) Latvija. Zeme, daba, tauta,
valsts. Riga, LU Akadémiskais apgads, 604.-615. lpp.

Volosina, M., Zarina, A., Nikodemus, O., Vinogradovs, I. (2018). Landscape
planning as an asset for regional development. In: Economic Science for
Rural Development Conference Proceedings (No. 48), pp. 276-283 (citéts Web
of Science datubaze).

Kasparinskis, R., Ruskule, A., Vinogradovs, I., Villoslada, M. (2018).The gui-
debook on the introduction of ecosystem service framework in integrated
planning. Riga, University of Latvia, Faculty of Geography and Earth
Sciences, p. 63.

Usc¢a, M., Vinogradovs, I., Reke, A., Immurs, D. V., & Zarina, A. (2019).
Assessment of Ecosystem Services for Planning of Green Infrastructure at
the Regional Level. In Proceedings of the 12th International Scientific and
Practical Conference. Volume I (Vol. 315, p. 319) (citéts Scopus datubazeé).

Zarina, A., Vinogradovs, 1., & Skinkis, P. (2018). Towards (dis) continuity of
agricultural wetlands: Latvia’s polder landscapes after Soviet productivism.
Landscape research, 43(3), pp. 455-469 (citéts Scopus datubaze).

Saistitas zinatniskas konferences

Vinogradovs, I., Nikodemus, O., Krisjane, Z. Land use change scenarios in
marginal mosaic-type landscapes and their impact on ecosystem services.
IALE Wourld congress 1-5 July 2019, Milan, Italy.

Zarina, A., Vinogradovs, I., Ruskule, A., Ecosystem services as an integral
support tool for green infrastructure and landscape planning: a case of
agro-industrial landscapes in Latvia. JALE Wourld congress 1-5 July 2019,
Milan, Italy.

Ruskule, A., Vinogradovs, I., Veidemane, K., Prozavoite, D., Nikodemus, O.,
Villoslada, M., Adamsone, I. Applying ecosystem service approach and
stakeholder engagement in landscape planning: LIFE Viva Grass example.
ESP Europe 15-19 September 2018, San Sebastian, Spain.

Vinogradovs, I., Nikodemus, O., Elferts, D., Bramelis, G. Assessment of si-
te-specific agro-ecological and location drivers of farmland abandonment
in mosaic-type landscape: case study of Vidzeme, Latvia. IALE Europe
12-15 September 2017, Ghent, Belgium.

Zarina, A., Vinogradovs, I. Landscapes of agricultural appearance: non-produc-
tivist practices in Latvia’s marginal farmlands. JALE Europe 12-15 September
2017, Ghent, Belgium.

Ruskule, A., Morkvenas, Z., Gulbinas, J., Kuris, M., Remmelgas, L., Indriksone, D.,
Veidemane, K., Vinogradovs, L., Villoslada, M. Accommodating the ecosys-
tem service concept for enhancing grassland viability in the Baltic States:
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the LIFE Viva Grass approach. IALE Europe 12-15 September 2017, Ghent,
Belgium.

Vinogradovs, L., Villoslada, M., Gulbinas, J., Ruskule, A., Sepp, K., Kasparinskis,
R., Nikodemus, O. Mapping and identifying grassland ecosystem services
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Autora darbiba projektos promocijas darba izstrades laika
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pétnieks.
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1. DATI UN PETIJUMA METODOLOGIJA

1.1. Pétijuma teritorija

Pétama teritorija (2. att.) atrodas Vidzemes augstienes rietumu dala. Ta
ietver Césu novada Vaives pagastu, Vecpiebalgas novada Taurenes, Vecpiebalgas
un Dzérbenes pagastu, Raunas novada Drustu pagastu un Jaunpiebalgas nova-
da Zosénu pagastu. Promocijas darba laika izstradata pieeja tika aprobéta ari
Latvijas un Baltijas méroga.

- Pétijuma teritorija
|:| Novadu robeza

2. attéls. Pétijuma teritorija

1.2. Geotelpisko datu ieguve

Kvalitativi geotelpiskie dati ir ilgtspéjigas zemes parvaldibas pamata.
Promocijas darba tika izveidota augstas izskirtsp&jas geotelpisko datu kopa,
kura bija par pamatu ainavas izmainu virzitajspéku modelésanai un ekosisté-
mu pakalpojumu novértésanai. Pétljuma laika, izmantojot talizpétes un lauku
apsekosanas metodes, ka ari apkopojot, verificéjot un papildinot geotelpisko
datubazu informaciju, tika izstradata zemes lietoSanas geotelpiska datubaze.

Pirmais apak$uzdevums bija esoo geotelpisko datubazu apzinasana, to kva-
litates novértésana un savieto$ana. Izmantotas datubazes ir apkopotas 1. tabula.
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Darba izstradasanas laika datubazes tika parstrukturétas atbilstosi pétijuma
vajadzibam. NepiecieSamibas gadijuma dati tika kategorizéti (pieméram, zemes
kvalitativa vértiba, dzivnieku skaits novietnés) vai izmantoti atvasinatu datu
generésanai (pieméram, attalums lidz dzivnieku novietnei, mezmalai, celam ar
segumuy).

1. tabula

Pétijuma izmantotas geotelpiskas informacijas datubazes

Geotelpiskas
informacijas datubaze

Turétajs

Pieejamiba, piezimes

Lauku registra dati

Lauku atbalsta dienests

Brivpieejas (no 2018. gada), pieejami gan
lauku bloki, gan atsevisku lauku dati,

kas ietver audzétas kultaras, sanemtos
maksdjumus u. c.

Melioracijas dati

Zemkopibas ministrijas
nekustamie ipagumi

Brivpieejas, satur plasu informaciju
par melioracijas sisttmam, to veidu un
ierikosanas (atjaunosanas) laiku.

Dzivnieku registrs

Lauksaimniecibas datu
centrs

Brivpieeja nav pieejami geotelpiski dati.

Kadastra dati

Valsts zemes dienests

Ierobezotas pieejamibas, nav pieejami dati
par zemes ipasnieku.

Digitalas aug$nu kartes

Valsts zemes dienests

Brivpieejas, parsvara sedz lauksaimnieciba
izmantojamas zemes

Zemes kvalitativas
veértibas dati

Valsts zemes dienests

Brivpieejas, parsvara sedz lauksaimnieciba
izmantojamas zemes

IADT, biotopu dati

Dabas aizsardzibas
parvalde

Brivpieejas

Topografiskie dati 1:10000

Latvijas Geotelpiskas
informacijas agentiira

TerobeZotas pieejamibas, nepilnigs zemes
seguma datu parklajums

Digitala augstuma modela
pamatdati

Latvijas Geotelpiskas
informacijas agenttra

Brivpieejas, nepilnigs parklajums,
nepiecie$ama pécapstrade

Digitalais reljefa modelis

Latvijas Geotelpiskas
informacijas agentira

Brivpieejas, zema izskirtspéja (20 m)

Meza valsts registrs

Valsts meZa dienests

Ierobezotas pieejamibas

Valsts nozimes kultaras
piemineklu dati

Nacionala kultaras
mantojuma parvalde

Brivpieeja nav pieejami geotelpiskie dati

Lai papildinatu un dalgji ari verificétu apkopotajas geotelpiskajas datubazés
ietverto informaciju, tika lietotas talizpétes metodes. Pirmkart, tas bija vizuals
vienlaikus veikts vairaku ciklu ortofoto novértéjums, tadéjadi tika fiksétas
pamestas lauksaimnieciba izmantojamas zemes. Promocijas darba laika tika
aprobéta LIDAR punktu makona (punktu kopas) datu izmanto$ana zemes
apauguma noteik$anai lauksaimniecibas zemé Vaives pagasta. Par teritoriju tika
iegati LIDAR dati ar izskirtspéju 8 pt/m” Péc tam tika veikta punktu makona
klasifikacija un interpretacija, ka ari tika izveidots reljefa un virsmas digitalais
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modelis. ArcGIS programmatara, izmantojot MapAlgebra moduli, tika kon-
struéts normalizéts virsmas modelis, un uz ta pamata - apauguma augstuma
modelis. Paraléli tika izstradats ari LIDAR datu intensitates modelis, kas lava
aprobét inovativu pieeju izcirtumu un aizaugusas lauksaimnieciba izmantoja-
mas zemes noskir§anai. Kvalitativu, telpiski plasu datu nepieejamibas dé] bija
jaatsakas no $is metodes lietoSanas visa pétijuma teritorija.

Situacija, ka ne visa lauksaimnieciba izmantojama zeme ir deklaréta lauku
registra datos (proti, zeme tiek izmantota lauksaimnieciskai razosanai, bet par to
netiek sanemti Eiropas Savienibas atbalsta maksajumi, vai arl lauksaimnieciba
potenciali izmantojama zeme tiek apsaimniekota — zale tiek plauta un uz vietas
mul¢éta —, tikai lai, pieméram, saglabatu atvértu ainavu ap brivdienu lauku
majam), pilnvértigas geotelpiskas datubazes sastadiSanai bija nepiecieSama
lauksaimniecibas zemju apseko$ana. Teritorijas apseko$ana tika veikta 2014. un
2015. gada vasaras beigas un rudens sakuma. Tas laika tika noteikts lauksaim-
niecibas zemes apsaimnieko$anas veids un intensitate un seviska uzmaniba tika
pievérsta lauksaimniecibas zemes aizaugSanas pakapei un mérktiecigi apmezo-
tam teritorijam. Tadéjadi tika izdalitas tris lauksaimnieciba izmantojamas zemes
kategorijas: lauksaimniecibas zeme, kas tiek izmantota lauksaimnieciska razosa-
na; neizmantota lauksaimniecibas zeme, kas paklauta dabiskai apmeZo$anai; un
daléji pamesta lauksaimniecibas zeme, kas tiek uzturéta, bet netiek izmantota
lauksaimnieciskai razo$anai. Atseviskas teritorijas (Vaives pagastd) tika veikta
ari Sosnovska latvana izplatibas karté$ana, lai vélak $o informaciju varétu ieklaut
léemumu pienemsanas atbalsta rika.

1.3. Zemes izmantoSanas virzitajspéku novértésana

Ainavu virzitajspéku apzinasana tika veikta tris secigos solos: virzitajspéku
identifikacija, geotelpiska analize un statistiska analize. Balstoties ieprieks veik-
tajos pétijumos (Nikodemus et al. 2005; Nikodemus et al. 2010; Ruskule et al.
2012; Vanwambeke et al. 2012; Ruskule et al. 2013), tika identificéts nozimigakais
mozaikveida ainavas izmainu process — lauksaimnieciba izmantojamas zemes
pames$ana. Pétijuma teritorijai atbilstosu virzitajspéku izdaliSanai tika izvéléti
faktori, kas atspogulo vietai specifiskas ipasibas, telpiski varié viena ainavas tipa
un ir atziti par nozimigiem ari ieprieks veiktos pétijjumos. Virzitajspéku pamata
eso$o faktoru apkopojums ir attélots 2. tabula.

Dati tika apkopoti rezga veida analizes modeli ArcMap programma.
Analitiska rezga izmérs tika izvéléts 100 X100 m, un tas atbilst zemes lietojuma
veidu plankumu detalizétibai izveidotajos telpiskajos zemes lietojuma datos.
Katram datu rezga poligonam tika izveidots centroids, tadéjadi pétama teritorija
tika noklata ar 220 000 datu ievaksanas punktiem. Katra punkta tika nolasitas
visu apzinato faktoru vértibas, tas tika papildinatas ar X un Y koordinatam
LKS-92 sistéma un saglabatas talakai statistiskai analizei tabulas forma.
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2. tabula

Zemes izmantos$anas virzitajspeku apzinasanas geotelpiskai analizei
izmantotie faktori

Mainigais Meérvieniba Apraksts

Zemes vértiba balles/ha (0-100) | Lauksaimniecibas zemes vértiba,
izteikta ballés

Augsnes granulometriskais grupa Augsnu granulometriska sastava

sastavs grupa: smilts, malsmilts, smil$mals,
mals, kadra

Kadastra vienibas izmérs ha Kadastra vienibas izmérs (ha)
2016. gada

Melioracijas sistémas 0/1 Melioracijas sistému klatbatne

Reljefa slipums 0/1 Nogaze <10°/>10°

Kadreizéja lauka izmérs ha Masivizéta lauka izmeérs vai lauka
izmeérs

Attalums lidz lauku centram m Attalums metros

Attalums lidz celam ar grants vai m Attalums metros

asfalta segumu

Attalums lidz dzivnieku m Attalums metros

novietnei

Attalums lidz meZa malai m Attalums metros

Statistiska analize tika veikta programma R (R Core Team, 2017). Lai
atbilstosak izvélétos analizes modeli, tika veikta datu apraksto$a statistiska ana-
lize, grafiski attéloti un aprakstiti mainigo biezumu sadalijjumi. Lai novértétu
lauksaimniecibas zemes pamesanas varbatibu, tika izveidoti divi autologistiskas
binaras regresijas modeli programmatira R 3.4.0. (R Core Team, 2017). Viens
modelis tika izveidots, lai salidzinatu varbatibas attieciba uz daléji pamestu
lauksaimniecibas zemi salidzindgjuma ar lauksaimniecibas zemi, ko izmanto
lauksaimnieciska razo$ana, un otrs modelis -, lai salidzinatu pamesto lauk-
saimniecibas zemi ar lauksaimniecibas zemi, ko izmanto lauksaimnieciskaja
razo$ana. Lai nemtu véra telpisko autokorelaciju, abos modelos tika ieklauta
attaluma svérta autokovariante (aprékinata R paketé spdep (Bivand et al
2013)). Zemes kvalitativa vértiba, attalums lidz celam, kadastra vienibas platiba,
ieprieks$éja zemes izmanto$anas veida lauka platiba, augsnes granulometriskais
sastavs, nogazes slipums un melioracijas sisttmu klatbatne abos modelos tika
izmantoti ka neatkarigi mainigie. Neatkarigajiem mainigajiem netika novéro-
ta multikolinearitate, jo visparinato variances ietekmes faktoru vértibas bija
mazakas par 2 visiem mainigajiem. Visi attdluma un laukuma mainigie tika
meérogoti atbilsto$i vienibas novirzei pirms analizes, jo tiem bija liela amplita-
du atskiriba. Izskaidrota novirze tika aprékinata, lietojot McFadden metodi ar
pseido r?, kas tiek izmantota visparinatiem lineariem modeliem R paketé pscl
(Jackmans, 2017).
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1.4. Ekosistému pakalpojumu novértésana

Geotelpiska pamatne ekosistému pakalpojumu noveérté$anai tika veidota
no lauksaimnieciba izmantojamas zemes agroekologisko apstaklu (zemes
kvalitate, augsne un reljefs) un zemes apsaimnieko$anas veida parklajuma.
Ka agroekologisko apstaklu kompozitvértiba tika izmantota zemes kvalitativa
vértiba un augsnes granulometriska sastava grupu redukcija divas kategori-
jas — mineralaugsnés un organiskajas augsnés (kidraugsneés). Zemes kvalitativa
vértiba tika iedalita tris klasés, par sliek$pa vértibam izmantojot pétjjumos
(LLU, 2019) izvirzitas 25 un 50 balles, kas relativi norada uz lauksaimniecibas
zemes auglibu un marginalizacijas potencialitati. Nogazes slipuma veértibas tika
iedalitas tris klasés atkariba no nogazes slipuma ietekmes uz potencialo augsnes
eroziju. Zemes apsaimnieko$anas veids tika iedalits piecas klasés atkariba no
intensitates, ar kadu zemes apsaimnieko$ana ietekmé augsnes virskartu, un no
zalaugu sugu atbilstibas noteiktam biotopam. Sagrupéjot ekosistému pakalpoju-
mu novértéanas pamatdeterminantus, tika izskirtas ekosistému pakalpojumu
novértésanas kategorijas (3. tabula). Par ekosistému pakalpojumu novértésanas
un vienlaikus ari par to sniegSanas vienibu tika noteikts “lauks” — vienlaidus
zemes lietojuma teritoriala vieniba, kuras robezas tika noteiktas vai nu péc
lauku registra datiem (deklarétie lauki), vai teritorijas apsekojuma un talizpétes
datiem arpus deklarétajam lauksaimniecibas zemém. Katrai teritorijai (laukam),
kas nodrosina ekosistému pakalpojumus, tika veikta zonala statistika analize
un pieskirta dominéjosa ekosistému pakalpojumu pamatdeterminanta vértiba.
Apsaimnieko$anas veids tika noteikts péc lauku registra datiem. Atseviski zemes
lietojuma veidi, kuru ipatsvars pétijjuma teritorija nebija liels, tika izslégti no
ekosisttmu pakalpojumu novértéjuma (pieméram, augludarzi, ogulaji, iscirt-
meta audzes).

3. tabula
Ekosistému pakalpojumu pamatdeterminantu klasifikacija
Ekosistému pakalpojumu novértésanas pamatdeterminanti
Augsnes Nogazes Apsaimniekosanas veids
Zema kvalitate < 4° Kultivétie zalaji
2 Vidéja kvalitate 4-10° Ilggadigie zalaji
& | Augsta kvalitate > 10° Daléji dabiskie zalaji
. Organiskas augsnes Aramzemes
Neizmantotas lauksaimniecibas zemes

Ekosisttmu pakalpojumu nodro$inajuma potencials tika novértéts ar
matricas metodi (Burkhard et al., 2009) pieciem apgades un deviniem regulé-
josiem (CICES, 2015) ar agroekosistétmam saistitiem pakalpojumiem. Katram
pakalpojumam tika noteikts viens indikators. Eksperti — geografijas, biologijas,
vides zinatnes, lauksaimniecibas un augsnes zinatnes specialisti —, balstoties
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uz zinatnisko literatiiru, katrai ekosistému pakalpojuma kategorijai veica daléji
kvantitativu vértéjumu skala no 0 (pakalpojums netiek sniegts) lidz 5 (loti augsts
pakalpojuma nodro$inajums). Pieskirtas ekosistému pakalpojumu vértibas ir
potenciali aizvietojamas ar faktiskam pakalpojumu vértibam, kad $adas vértibas
bis pieejamas. Kultaras ekosistému pakalpojumi netika vértéti ar matricas me-
todi, jo $ie pakalpojumi ir atkarigi no konkrétas teritorijas geografiska stavokla
saistiba ar tiem ainavas elementiem, kas nodrosina $o pakalpojumu (4. tabula).

4. tabula
Kultaras ekosistémas pakalpojumu novéertésanas kritériji

Kultaras ekosistemu | Indikators / ainavas elements Attalums (vai cits kritérijs)
pakalpojumi

Lauku rekreacijas uznémumi |3 km

Tiefa un netiesa, Novérosanas torni 300 m

fiziska un uz pieredzi | Tarisma takas 100 m

balstita mijiedarbiba | Medibu teritorijas ietilpst (0 m)

(Rekreacija) Telts vietas, ugunskura vietas | 300 m
Sanaksanas vietas 300 m

Intelektuala Macibu takas 100 m

mijiedarbiba (Izglitiba) | Macibu vietas (stendi) 100 m
Kultaras pieminekli 100 m

Kultarvésturiska Vecsaimniecibas un muizas | 100 m

vértiba Tradicionala zemes lietojuma | 300 m
veida lauki
Udenstilpes un upes 300 m
Daléji dabiskie zalaji 100 m
Zemes lietojuma veids “daléji | ietilpst (0 m)

L dabiskais zalajs”

Estétiska vértiba — -
Linearie ainavu elementi 300 m
(alejas, koku rindas)
Reljefa saposmotiba standartnovirze > 10 5 x 5 km rezgi
Ainavas atklatums mezu segums < 50% 5 x 5 km rezgi

Ekosistému pakalpojumu kopas tika izdalitas, veicot galveno komponentu
analizi $o pakalpojumu novértéjuma kategoriju raditajiem (novérojumi) un
ekosisttmu pakalpojumiem (mainigie) (Queiroz et al. 2015) SPSS dator-
programma. Ekosistému pakalpojumu kompromiss un sinergija' arpus ekosis-
tému pakalpojumu kopam tika analizéti, izmantojot katra ekosistému pakalpo-
jumu para korelacijas analizi. Ekosistému pakalpojumu nodrosinajuma “karsto”

! Ekosistému pakalpojuma kompromiss ir situacija, kad, palielinoties viena pakalpojuma
vértibai, samazinas cita pakalpojuma vértiba; ekosistému pakalpojuma sinergija ir situacija,
kad, palielinoties viena pakalpojuma vértibai, palielinas ari cita pakalpojuma vértiba.

52



punktu izdalisana tika veikta, saskaitot ekosistému pakalpojumus ar augstam
vértibam (4, 5), savukart “auksto” punktu izdali$ana -, saskaitot ekosistému
pakalpojumus ar zemam vértibam (1, 2) (Egoh et al. 2009).

1.5. Daudzkritériju lemumu atbalsta rika izstrade

Daudzkritériju lémumu atbalsts (DKLA) ir izstradats, lai virzitu [émumu
pienemsanas procesu, nemot véra vairakus kritérijus situacijas, kad jasasniedz
vairaki meérki un ir vairakas ieinteresétas personas (Belton & Stewart, 2002).
Plano$anas un teritoriju parvaldes mérkiem ir raksturiga sarezgita struktira,
kas nav izsakama ar atsevisku indikatoru vai vienu datu kopu (Koschke et al.,
2012). Piedavatais DKLA riks sniedz strukturétu shému, kas apvieno ekosistému
pakalpojumu novértésanas rezultatus ar biofizikalam un socialekonomiskam
datu kopam jégpilna veida, paverot iespéju integrétai izmanto$anai planos$anas
procesa.

Atseviskie rika modeli ir konstruéti atskirigam funkcionalitatém un da-
zadam lietotaju grupam (5. tabula). DKLA procesa pilno funkcionalo atbalstu
sniedz modulis “Viva Grass planotajs”, kura pilnvértigai izmanto$anai ir nepie-
cieSama GIS datu apstrades procesu izpratne. “Viva Grass parlakam” primari ir
ekosistému pakalpojumu noveértéjuma un ekosistému pakalpojumu mijiedarbi-
bas parskata funkcija, modulis “Viva Grass bioenergija” ir izveidots, lai planotu
zales biomasas izmanto$anu ka kurinama avotu.

5. tabula
DKLA rika funkcionalitates un mérkauditorija
Funkcionalitates
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Daudzkritériju léemumu atbalsta shému (3. attéls) izstradajusi grupa pét-
nieku (Langemeyer et al. 2016), un uz tas pamata promocijas darba tika izvei-
dots DKLA riks. Aprobéjot DKLA riku, katra procesa posma izstradé seviska
uzmaniba tika veltita ieinteresétajam personam - tas tika iesaistitas péctecigas
darba grupu sanaksmés un $o sanaksmju rezultatu apspriedés. Promocijas darba
autors DKLA rika aprobaciju veica viena administrativaja teritorija (Césu nova-
da), sasaistot to ar novada attistibas programmas un teritorijas plana izstradi.
Ieintereséto personu sanaksmés tika parstavéti novada telpiskas planosanas
specialisti, Césu novada administrativas parvaldes darbinieki, lauku konsultan-
ti, tarisma specialisti, zemnieku, uznéméju un iedzivotaju parstavji. Kritériju
formulésanas posma tika organizéti arl izglitojosi informativas sanaksmes, lai
dalibniekus iepazistinatu ar ekosistému pakalpojumu konceptu, ta izmanto$anu
telpiskaja plano$ana un ar to saistitu léemumu pienemsana.

DKLA timekla riks

Problémas Izvélnu Kritériju Kritériju Alternativu o]
definésana definésana formulésana svérsana prioritizacija S
S
1 1 E
1 1]
. )> : —

1

. leintereséto personu iesaiste !

! !

3. attels. Daudzkritériju lemumu atbalsta procesa shéma
(péc Langemeyer et al. 2016)

DKLA kritériju svér$anas un alternativu prioritizacijas pamata tika izman-
tots svértas summas modelis (Triantaphyllou, 2000), kur atseviski ekosistému
pakalpojumi tika izveléti ka svér$anas kritériji, kuriem lietotajs (ieintereséto
personu kopa) pieskir noteiktas vértibas ar summaro vértibu 100. Sis vértibas
rezultéjas noteikto prioritagu svara, kas tiek aprékinats péc formulas:

Indexi __ voh100
= max(Index) *n “8

kura Index ir noteikta indeksa vértiba (ekosistému pakalpojumu vértiba),
max(Index) - izveléta indeksa maksimala vértiba un Weight - lietotaja noteiktais
kritérija svars. Kopéjais svara indekss ir atsevisko komponentu summa. Ta ka
svértas summas modeli izmantojamas vértibas izteiktas atskirigas mérvienibas,
ir nepiecie$ams, lai visi kritériji tiktu normalizéti un lai DKLA rika ir ieklauta
datu klasifikacijas iespéja, kas lauj alternativu prioritizacijai pievienot atskirigi
izteiktus datus, pieméram, “auksta” punkta vértibu vai piederibu pie kada no
ekosistému pakalpojumu kompromisiem, ka ari datus, kas tiek veidoti noteiktu
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problémsituaciju risinasanai, pieméram, lauksaimniecibas zemes pamesanas
riska indeksu. Papildus nepieciesamie raditaji DKLA rika ir izmantojami ka pa-
matdatu atvasinajumi vai ka jauni saliktie indeksi, kas veidoti ka svértas summas
modeli péc formulas:

n
ASSM-vertiba ij a;kuri=1,2,3,..m
=1
kur w; ir kritérija svars, a; ir kritérija vértiba un A5 jr salikta indeksa
vértiba.

Césu novada DKLA riks tika aprobéts, nosakot tas lauksaimniecibas zemes
apsaimniekos$anas prioritates, kas palidzétu saglabat un palielinat tirisma po-
tencialu. DKLA darbplasma (4. attéls) tika Istenota piecas secigas ieintereséto
personu sandksmés. Pirmaja sanaksmé klatesosie tika iepazistinati ar ekosisté-
mu pakalpojumu pieeju un to izmanto$anu. Nakamajas vispirms tika apspriesti
iepriekséjas sapulces rezultati un, ja nepiecieams, veikti lémumu labojumi.

Prioritate Ricibas
; ;
- ! o | intensiva atjaunosana
Augsts risks 1 1. prioritate : jaizverte nepieciesamie
, EEENNNNNNEE | infrastruktdras uzlabojumi
,,,,,,,,,,,,,, S ettt
. | mérena atjaunosana
Augsta vertiba ——> Meérens risks ! 2.prioritate | jaizvérté nepieciesamie

! ' infrastrukttras uzlabojumi

i i
\ ' ! esosas ainavas uzturésana

Zems risks | 3.prioritdte | jaizvérte nepieciesamie
| s | infrastruktaras uzlabojumi

e o e
E P . ! o | jaizvérte nepieciesamie
— 5 Vidéja vértiba ——> Augsts risks ' 4. prioritate ' atjaunosanas pasakumi

) : '
Vé rﬁba S \ ' ! uninfrastruktaras uzlabojumi

' ' jaizverté nepieciesamie
Mérens risks | 5.prioritate | atjaunosanas pasakumi

| uninfrastruktaras uzlabojumi
| i

Zema vértiba Zems risks  bez prioritates !

4. attels. Lauksaimniecibas zemes apsaimniekos$anas prioritasu izstrades
DKLA darbplasma

1.6. GIS un kartografiskie risinajumi timekla rikam

DKLA timekla rika pamata ir ArcGIS Enterprise platforma. Dati tiek gla-
bati kopéja telpiskaja datubazé (PostgreSQL) un publicéti ka GIS pakalpojumi
(kartes). Timekli balstitie riku moduli tiek veidoti, izmantojot ArcGIS lietojum-
programmu veidotaju. Lai istenotu pielagotas prasibas, tika izveidoti papildu
lietojumprogrammu logriki (5. attéls). DKLA timekla riks ietver tris galvenos
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riku modulus. Tie ir: “Viva Grass parliiks”, “Viva Grass bioenergija” un “Viva
Grass planotajs”, kas paredzéti konkrétiem lietotajiem un lémumu pienemsanai
noteiktas jomas. Sie tris moduli izmanto dazadus datus un veido informacijas
produktus, kurus var saistit ar citam informacijas platformam.

‘ Datu uzturé$ana un administracija ‘

Viva Grass Planotajs

Viva Grass Bio-enerdija

II )

4H> Datu produkti
ﬁ

+ | Informacijas produkti

Viva Grass Parliks Rika produkti

Rika moduli

Rika timekla
portals

5. attels. DKLA timekla rika struktiira

Geotelpiskas analizes rezultati, kas iegiti ekosisttmu pakalpojumu novér-
téSanas un/vai rika izstrades laika, ir pieejami ka “datu produkti” - apveidfailu
(*.shp) arhivi, savukart ekosistému pakalpojumu novértéjuma matrica, DKLA
risinajumu algoritmi un ieteicamas apsaimniekosanas prakses ir pieejami ka
“informacijas produkti”.

56



2. REZULTATI UN DISKUSIJA

Saja promocijas darba nodala ir aprakstiti galvenie darba rezultati — zemes
izmanto$anas izmainu virzitajspéku analize, ekosistému pakalpojumu novértésa-
na un to mijiedarbibas analize, daudzkritériju Ilémumu pienemsanas atbalsta rika
aprobésana, ka ari ir Sie rezultati saistiti ar citiem nozaré aktualiem pétijumiem.

2.1. Zemes izmantoSanas virzitajspéku analizes rezultati

Promocijas darba istenota metode identificéja zemes izmanto$anas izmainu
virzitajspékus un lauksaimniecibas zemes pame$anas varbatibu (risku). Ap-
zinatas zemes izmanto$anas izmainas ir saistamas ar zemes reformu péc PSRS
sabrukuma un lauksaimniecibas nozares parstrukturizaciju péc iestasanas ES.

6. tabula
Autologistiskas binaras regresijas modela rezultati
Zemes apsaim- . - . | Novertée- | Iespéjamibu | Standart- o o
nieko$anas veids Mainigais jums attieciba klada ‘ tvertiba | p vertiba
KVP -0,38 0,69 0,06 -6,55 < 0,001
KLI -0,32 0,72 0,05 7,09 < 0,001
ALC -0,07 0,93 0,04 -1,59 0,113
N ALF 0,23 1,27 0,04 5,97 < 0,001
= AMM -0,26 0,77 0,05 -5,63 < 0,001
g ACS 0,17 1,19 0,04 4,18 < 0,001
E ZKV -0,32 0,73 0,05 -6,36 < 0,001
g MSK -0,58 0,56 0,01 -5,76 < 0,001
= NST -0,03 0,97 0,10 -0,25 0,803
= Augsnes granulometriskais satavs (kudra ka reference)
A/ M -0,55 0,58 0,21 -2,68 0,007
sM -0,40 0,67 0,14 -2,85 0,004
S -0,19 0,83 0,16 1,21 0,227
mS -0,38 0,67 0,14 -2,85 0,004
KVP -0,09 0,91 0,02 -2,85 < 0,001
KLI -0,22 0,80 0,02 -2,85 < 0,001
ALC 0,04 1,04 0,02 -2,85
ALF 0,24 1,27 0,02 -2,85 < 0,001
N AMM -0,59 0,55 0,03 -2,85 < 0,001
= ACS 0,17 1,18 0,02 -2,85 < 0,001
*E ZKV -0,58 0,56 0,03 -2,85 < 0,001
E MSK -0,40 0,67 0,05 -2,85 < 0,001
g NST -0,33 0,72 0,05 -2,85 < 0,001
Augsnes granulometriskais sastavs (kadra ka reference)
M -0,95 0,39 0,10 -2,85 < 0,001
sM -0,61 0,54 0,07 -2,85 < 0,001
S -0,40 0,67 0,09 -2,85 < 0,001
mS -0,72 0,49 0,06 -2,85 < 0,001

KVP - kadastra vienibas platibas, KLI - kadreizéja lauka izmérs, ALC - attalums lidz lauku centram,
ALF - attalums lidz dzivnieku novietnei, AMM - attalums lidz meZa malai, ACS - attalums lidz
celam ar segumu, ZKV - zemes kvalitativa vértiba, MSK - melioracijas sistému klatbatne, NST -
nogazes slipums >15°, M - mals, sM - smil$mals, S - smilts, mS — malsmilts.
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Regresijas modeli ierasti tiek izmantoti, lai novértétu zemes izmanto$anas
izmainu virzitajspékus dazados regionos un meérogos (Millington et al. 2007).
Autologistiskas binaras regresijas rezultati (6. tabula) liecina, ka Vidzemes
mozaikveida ainava augstaka zemes kvalitativa vértiba samazina iespéju, ka
lauksaimnieciba izmantojama zeme tiks transforméta par daléji pamestu (ne-
izmantotu) lauksaimniecibas zemi (iespéjamibu attieciba 0,73, p < 0,001) vai
pamestu lauksaimniecibas zemi (iespé&jamibu attieciba 0,56, p < 0,001). Augsnes
granulometriskajam sastavam nav statistiski nozimigas ietekmes uz varbati-
bu, ka lauksaimniecibas zeme tiks transforméta par daléji pamestu, savukart
varbttiba, ka lauksaimniecibas zeme tiks pamesta, samazinajas visos augsnes
granulometriska sastava variantos, kas tika aprékinati attieciba pret kadru. Stavu
nogazu neesamiba (iespé&jamibu attieciba 0,72, p < 0,001) samazina varbutibu,
ka lauksaimnieciba izmantota zeme tiks pamesta, savukart melioracijas sisté-
mu esamiba samazinaja iespé&ju, ka lauksaimniecibas zeme tiks daléji pamesta
(iespé&jamibu attieciba 0,56, p < 0,001) vai pamesta (iespé&jamibu attieciba 0,67,
p < 0,001). Attdluma palielinasanas lidz dzivnieku novietnei (iespé&jamibu attie-
ciba 1,27, p < 0,001) un cel$ ar grants vai asfalta segumu (iespéjamibu attieciba
1,18, p < 0,001), ka ari attaluma samazinasanas lidz meZa malai (iespéjamibu
attieciba 0,55, p < 0,001) palielinaja varbatibu, ka lauksaimniecibas zeme
tiks pamesta. Lielaks attalums lidz dzivnieku novietnei (iespéjamibu attieciba
1,27, p < 0,001), mazaks attalums lidz meZa malai (iespéjamibu attieciba 0,78,
p < 0,001) palielinaja varbutibu, ka lauksaimniecibas zeme netiks izmantota
lauksaimnieciskai razo$anai.

Kopéja izskaidrota varbutiba Vidzemes mozaikveida ainava autologistiskas
binaras regresijas modelim attieciba uz lauksaimniecibas zemes pamesanu ir
29,21%, savukart varbitiba, ka lauksaimniecibas zeme klis daléji pamesta,
ir 40,48%. Lai ari pétamaja teritorija izskaidrota varbatiba variéja, visos pagastos
zemes kvalitativa vértiba un attalums lidz mezmalai bija nozimigi lauksaimnie-
cibas zemes pamesanas riska palielinasanas faktori. Lielakaja dala teritorijas ari
attalums lidz dzivnieku novietnei palielinaja lauksaimniecibas zemes pamesanas
risku. Modela neizskaidrota varbutiba ir saistama ar modeli neieklauto faktoru
ietekmi. No tiem nozimigakie ir tadi saimnieciska limena socialekonomiskie
faktori ka saimniecibas ienémumi un lielums, zemnieka vecums un izglitiba,
lauksaimniecisko praksu pécteciba un parmantojamiba, mehanizacijas limenis
(Baldock et al. 1996; Van Doorn and Bakker, 2007; Kristensen et al. 2004;
MacDonald et al. 2000, Terres et al. 2015). Svariga nozime ir ari regionala lime-
na socialekonomiskiem un demografiskiem raditajiem (Kuemmerle et al., 2008;
Prishchepov et al., 2013).

legitie rezultati lauj veidot salikto indikatoru no vairakiem mainigajiem,
kuri modeli uzradija nozimigu ietekmi uz zemes izmantosanas izmainam, pie-
meéram, zemes kvalitativas vértibas, attaluma lidz lopu novietnei un attaluma
lidz mezmalai izmanto$ana svértas summas modeli Jauj izveidot lauksaimnieci-
bas zemes pamesanas riska indeksu, kas tiek izmantots daudzkritériju lemumu
pienemsanas atbalsta rika (2.3 apaks$nodala).
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2.2. Ekosistemu pakalpojumu novértésana

Noveértéjot ekosistému pakalpojumus, katra pakalpojuma izteikSanai tika
piemeérots noteikts indikators, kas izteikts indikatora vienibas (apgades pakal-
pojumiem metriskas vienibas, reguléjosiem pakalpojumiem relativas veértibas)
un kategorizéts ekosistému pakalpojumu novérté$anas matricas skala (1-5).
Pieméram, pakalpojumam “lopbariba” indikators ir t/ha/gada un vértibai “1”
atbilst < 1 t/ha/gada, “2” - 2-3 t/ha/gada utt. Pakalpojumam “dzivotnu uzturé-
$ana” indikators ir sugu skaits 1 m* un vértibai “1” atbilst “loti mazs sugu skaits”,
savukart “5” atbilst “loti liels sugu skaits” (7. tabula, 6. attéls). Novértéjuma
matricas datu struktiira Jauj kategorizétos datus aizvietot ar realajam vértibam,

kad tadas kltist pieejamas.

7. tabula
Apgades un reguléjoso ekosistému pakalpojumu novértésanas matrica (fragments)
Apgades ekosistému Reguléjosie ekosistému
pakalpojumu pakalpojumu
28
9 = z| B
i [=} - o0
= E] 3 @ g
S| Bb g2 g| R -
| F|l 2| 58|58 215
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11. llggadigie zalaji, lidzens
sgacigle za'd) o211 /33|20 4|4/2/|3]|3

reljefs, zema zemes vértiba

12. Ilggadigie zalaji, lidzens 0
reljefs, vidéja zemes vértiba
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S}
S
w
(=)
S
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w
N
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13. Ilggadigie zalaji, lidzens
reljefs, augsta zemes vértiba

14.. Ilggadigie. zé}léji, lidzens olslal2215lalolalslols]a
reljefs, organiskas augsnes

15. I_lggadlgle zalaji, le_zer}a ol2l1l1l313l2lalalalals]s
nogaze, zema zemes vértiba

16. Ilggadigie zalaji, lézena
nogaze, vidéja zemes vértiba

17. I_lggadigle zalaji, léztane_l olalslsl2lalalslalslals]|s
nogaze, augsta zemes veértiba
18. Ilggadigie zalaji, lézena olsl2l2215lalolal3lols]a

nogaze, organiskas augsnes

19.. Ilggadigie zalaji, lidz_ens olali1lil3lslals|alalalsls
reljefs, zema zemes vértiba

20.. Ilgga'dige zalaji, li(_iz?ns olslal2l2lal3lslalslalals
reljefs, vidéja zemes veértiba
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Promocijas darba laika izstradata ekosistému pakalpojumu novértésanas
metode identificé pakalpojuma nodro$inajuma potencialu konkrétajos agroeko-
logiskajos apstaklos, nemot véra zemes apsaimniekosanas intensitati. Pieméram,
aramzemeé séts zalajs, t. i., vismaz reizi piecos gados uzarta, pieséta, méslota agro-
ekosistéma, jebkuros agroekologiskajos apstaklos nodrosinas augstaku apgades
pakalpojumu vértibu neka ilggadigie zalaji. Savukart daléji dabiskie zalaji, nein-
tensivi apsaimniekota un dabiskam sugam bagata agroekosistéma, jebkuros agro-
ekologiskajos apstaklos nodrosinas augstaku reguléjoso pakalpojumu vértibu.

Ekosistemu pakalpojuma
“globala Klimata regulacija”
nodrosinajuma potencials

Ekosistemu pakalpojuma
“biomasa energijas ieguvei”
nodrosinajuma potencials

B ot augsts N - B (o augsts
B o o —
B videjs P B videis
] ems e, @ ] zems
Joti zems Ly . Joti zems
J Ea o I
netiek nodrosinats \ netiek nodroinats
N £

3k

|

Ekosistemu pakalpojuma
“dzivotnu uzturésana”
nodrosinajuma potencials

Ekosistemu pakalpojuma
“rekreacija”
nodrosinajuma potencials

R
:

Joti augsts Joti augsts

augsts augsts
-

videjs .

zems
Joti zems
netiek nodrosinats Ve X\/\

6. attels. Ekosistemu pakalpojumu novértéjuma piemérs pétijuma teritorijas
fragmentam (Césu novads)

videjs
zems
Joti zems

DOO0Em

netiek nodrosinats

JOEMm

Galveno komponentu analizes rezultata (8. tabula) ekosistému pakalpojumu
noveértéjuma matrica var izdalit 3 komponentes, kas izskaidro 90,53% varianci.
Pirma komponente izskaidro 48,18%, un taja pozitivi korelé tadi pakalpojumi ka
“arstniecibas augi’, “apputeksné$ana’, “dzivotnu uzturésana” un “globala klimata

9«

regulacija’, savukart negativi korelé tadi pakalpojumi ka “majlopi”, “lopbariba”
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un “biomasa energijai”. Saja komponenté paradas izteikta ekosistému pakalpo-
jumu savstarp&ja konkurence. Otra komponente izskaidro 28,1%, tresa kom-
ponente izskaidro 14, 25%, un tas ir saistamas ar pakalpojumiem, ko sniedz
augsnes procesi.

8. tabula
Galveno komponentu analizes rezultati
Ekosistému pakalpojumi 1. komponente 2. komponente 3. komponente

Majlopi -0,958

Lopbariba -0,807

Biomasa energijai -0,808

Arstniecibas augi 0,921

Apputeksnésana 0,846

Dzivotnu uzturé$ana 0,953

Globala klimata regulacija 0,726

Bioremediacija 0,839

Filtracija/akumulacija 0,845

Udenu kimiskais stavoklis 0,766

Erozijas kontrole 0,608
Dédésana 0,902

Balstoties uz galveno komponentu analizes rezultatiem, ir iespéjams izdalit
ekosistému pakalpojumu kopas - sava veida pakalpojumu grupas, kuras pakal-
pojumi veido sinergiju, kad, palielinoties viena pakalpojuma vértibai, palielinas
visu citu kopa eso$o pakalpojumu vértiba, vai konkurenci, kad, palielinoties vie-
na pakalpojuma vértibai, samazinas visu citu kopa eso$o pakalpojumu vértiba
(Mochet et al. 2014; Spake et al. 2017). Ta ka pirmaja komponenté iz§kiramas
divas polaritates, tika izdalitas divas kopas atbilstosi katrai polaritatei, tadéjadi
nodrosinot, ka kopa ekosistému pakalpojumu starpa ir tikai sinergiskas attieci-
bas. Pétjjuma kopam tika pieskirti nosaukumi, kas ataino to funkcionalitati un
skaidrak atklaj to batibu:

o “Dzivotnu kopa” Sinergiski mijiedarbojas $adi pakalpojumi: “arstnieci-
bas augi’, “apputeksnésana’, “dzivotnu uzturé$ana’ un “globala klimata
regulacija’;

« “Razosanas kopa”. Sinergiski mijiedarbojas $adi pakalpojumi: “majlopi’,
“lopbariba’, “biomasa energijai”. Funkcionali $ai kopai pieder ari pa-
kalpojums “kultiiraugi’, kas faktiski var tikt istenots tikai aramzemés,
aizvietojot pakalpojumu “majlopi”;

o “Augsnes kopa” Sinergiski mijiedarbojas $adi pakalpojumi: “bioreme-
diacija’, “filtracija/akumulacija’, “Gdenu kimiskais stavoklis”, “erozijas
kontrole” un “dédésana”

Konkréta lauka piederiba konkrétai ekosistému pakalpojumu kopai tika no-

teikta, ja kopa eso$o ekosistému pakalpojumu vidéja vértiba parsniedza slieksna
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vértibu 3 - proti, pakalpojumu potencials tika noveértéts virs vidéjas iespéjamas
vértibas (7. attéls).

Ekosistemu pakalpojumu
nodroinajuma potenciala
“Dzivotnes” izplatiba

ieder pie kopas
p pie kop:
0 nepieder

Ekosistemu pakalpojumu
nodroinajuma potenciala
“Produktivitate” izplatiba

I picder pie kopas “
] nepiecr \/\A\’\A

7. attéls. Ekosistému pakalpojumu “Dzivotnu kopa” un “RaZosanas kopa” izplatiba
pétijuma teritorijas dala (Césu novads)

Ekosistému pakalpojumu kopu analizes karté$ana nodrosina pamatinforma-
ciju par pakalpojumu telpisko mijiedarbibu, tadéjadi sniedzot pamatinformaciju
talakai lémumu pienems$anai attieciba uz lauksaimnieciskas zemes turpmako
izmanto$anu. Situacija, ja konkreétaja lauka “dzivotnu kopas” pakalpojumi tiek
sniegti augstas vértibas, bet “produktivitates kopas” pakalpojumi tiek sniegti
zemas vertibas, tiek saukta par “kompromisu par labu dzivotnes kopai”, sa-
vukart situacija, ja konkrétaja lauka “produktivitates kopas” pakalpojumi tiek
sniegti augstas vértibas, bet “dzivotnu kopas” pakalpojumi tiek sniegti zemas
veértibas, tiek saukta “kompromiss par labu produktivitates kopai” (8. attéls).

v L }
oo la
= . /
> /
4 .
Ekosistemu pakalpojumu < : ~ ~
nodrosinajuma potenciala - d 0
“karstie un aukstie punkti” ‘\ . \
Ekosistemu pakalpojumu P ¢
B, B o \ \ 3
kompromiss /\ 1 ry ) [ auksts” ’\ 5 s N
. - . ey
B o labu “Produktivitates” kopai ‘ » e [ nenoteikss o, ¥ (
B o labu “Dzivotnu” kopai b 3o { [ s & Er
1 navkompromisa Temfg) ~—__x I otisit U T X

8. attéls. Ekosistému pakalpojumu kompromisi un karstie/aukstie punkti pétijuma
teritorijas dala (Césu novads)
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Pétijuma teritorija faktiski tika identificétas situacijas, kuras vidéja vértiba abas
kopas bija vai nu augsta, vai tie$i otradi - zema, pirmaja gadijuma konkrétie
lauki tiek saukti par ekosisttmu pakalpojumu nodro$indjuma “karstajiem”
punktiem, otraja — par “aukstajiem” punktiem.

Ekosistému pakalpojumu kompromisu izpéte ainavu ekologiskos pétijumos
ir aktualizéjusi nopietnus jautadjumus, proti, agroekosistémas ir liela méra at-
karigas no vidi regulégjoso pakalpojumu nodro$inajuma (pieméram, apputek-
sné$anas, kaitéklu un slimibu ierobezo$anas, augsnes auglibas uzturésanas),
bet taja pasa laika agroekosistémas ir arl svarigu ekosistému pakalpojumu
nodrosinatajas (pirmkart jau, apgades pakalpojumu, bet ari atsevisku reguléjoso
un kultaras pakalpojumu) (Garbach et al. 2014; Willemen et al. 2017). Tomér
lauksaimniecibas intensifikacijas rezultata noris koncentré$anas tikai uz apgades
pakalpojumiem, kas ir saistami ar nopietniem kompromisiem (Kirchner et at.
2015). Zinatniskaja literatara ir detali aprakstiti kompromisi starp lauksaim-
niecisko produkciju un vidi reguléjosiem pakalpojumiem (Haines-Young et al.
2012; Maes et al. 2012), pieméram, oglekla piesaistiSanu (Schulze et al. 2005;
Glendell & Brazier, 2014), apputeksnésanu (Power, 2010; Cole et al. 2017),
dzivotnu uzturé$anu ((McLaughlin & Mineau 1995; Tscharntke et al.,, 2005).
Pétijums pamato, ka vienados agroekologiskos apstaklos, intensificéjot lauk-
saimnieciskas darbibas veidu, palielinasies “produktivitates kopas” pakalpojumu
vértibas un samazinasies “dzivotnes kopas” pakalpojumu vértibas.

2.3. Daudzkritériju lemumu pienemsanas atbalsts

Daudzkritériju léemumu pienemsana ietilpst [émumu pienemsanas sistéma
(decision making systems), kas lauj istenot lémumu pienemsanas procesu atskiri-
gam problémsituacijam. Promocijas darba kopsavilkuma ir prezentéta teritoriju
apsaimniekosSanas priorita§u noteiks$ana ainavas uzturéSanas konteksta Césu
novada Vaives pagasta.

Ekspertu un ieintereséto personu diskusija tika identificéti kritériji ainaviski
vértigo un tarismam nozimigo teritoriju atlasei: kultaras ekosistému pakalpo-
jumi (estétiska veértiba, rekreacijas vértiba, izglitojosa vertiba, kultarvesturiska
vértiba) un ekologiska vertiba (“dzivotnu kopas” ekosistému pakalpojumu
vidéja veértiba). Riska teritoriju atlasei tika identificétas un izmantotas divas
kompozitvertibas: “latvanu izvazijas risks’, ko veido teritoriju atraganas attieciba
pret ar Sosnovska latvani invadétam teritorijam, un “lauksaimniecibas zemes
pamesanas risks’, ko veido svérta vértiba no zemes kvalitativas vértibas (50%)
attaluma no liellopu novietnes (30%) un attalums lidz celam (20%).

Kritériju svér$anas rezultata tika izveidota uz ekosistému pakalpojumiem
balstito kritériju svaru matrica, kas saistita ar Césu novada ilgtspéjigas attistibas
stratégija lidz 2030. gadam noteiktam iedzivotaju dzives kvalitates dimensijam:
kvalitativa dzives telpa un vide, nodarbinatibas iespéjas, veseliba, drosiba, kul-
taras pieejamiba, izglitibas un muzizglitibas pieejamiba, attistita infrastruktara,
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sociala drosiba un aprape. Katra kritérija prioritasu vidéjais raditajs, parrékinot
procentos, tika izteikts ka “svars”, kas tika izmantots DKLA rika prioritasu no-
teik$anas aprékinos (9. tabula).

9. tabula
Ekspertu un ieintereséto personu nolemtais kritériju butiskums

Kritérijs Svars (%)
Ainavas estétiska vértiba 25
Rekreacijas vértiba 18
Izglitojosa vertiba 12
Kultarvesturiska vertiba 22
Ekologiska vértiba 23

DKLA rika prioritates tiek noteiktas, pieskirot katrai teritorialai vienibai
kartas skaitli, un $o kopu péc nokluséjuma ataino, dalot piecas kategorijas péc
dabiskas slieksna veértibas (natural brakes). Tapat var izmantot dalijumu kvantilés
un aritmétisko dalfjumu vienada skaita grupas. Sis daljjums tiek kategorizéts tris
kategorijas jeb ainaviskas vertibas kategorijas — augsta, vidéja un zema. Vertibas
kategorijam piemérojot riska kategorijas, tiek izveidotas noslédzosas teritoriju
apsaimnieko8anas prioritates (9. attéls)

Teritoriju prioritizacija
ainavu uztureésanai

- 1. prioritate
I 2. prioritate
- 3. prioritate

4. prioritate

5. prioritate

9. attéls. Ainavas uzturé$anai noteiktas teritoriju prioritates Césu novada

Aprakstitaja daudzkritériju [émumu atbalsta Isteno$anas plano$anas
procesa, lai izvairitos no riskiem, ka neliela ieintereséto personu kopa var
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batiski ietekmét noteiktas vértibas jeb svarus (Stirling, 2006), tika izmantots
konsultativs daudzkritériju novértéjums (deliberative multi-criteria evaluation)
(Mavrommati et al. 2017), kas lJauj sasniegt plasaku izpratni un sabiedribas
iesaisti planosanas procesa.

2.4. GIS un kartografiskie risinajumi timekla rikam

“Viva Grass parlaks” ir DKLA pamatmodulis, kas pieejams ikvienam lieto-
tajam. Tas veidots ka tematisko kar$u (kontekstualo slanu) parlaks (10. attéls) ar
ierobezotam redigésana iespéjam - lietotajs var potenciali mainit lauksaimnie-
ciskas zemes izmanto$anas veidu izvélétam laukam un noskaidrot, kadas izmai-
nas tas radis ekosistému pakalpojumu nodro$inajuma potenciala, piederiba pie
ekosistému pakalpojumu kopam, kompromisiem un ekosistému pakalpojumu
nodro$inajuma “karstajiem”/“aukstajiem” punktiem, ka ari var iegtt rekomen-
dacijas par ieteicamo lauksaimniecibas zemes apsaimnieko$anu konkrétajos
agroekologiskajos apstaklos.

7Y Viva Grass Viewer
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10. attéls. “Viva Grass parluks”, ekranuznémums

“Viva Grass planotajs” ir DKLA galvenais modulis, kas pieejams tikai
registrétiem lietotajiem, un ta lietoSanai ir nepieciefamas GIS zinaSanas. Saja
modull ir pieejami visi ekosistému pakalpojumu novértéSanas un mijiedarbibas
kontekstualie slani (11. attéls), ka ari ir iespéja augSupieladét citus lémumu pie-
nemsanai nepieciesamos telpiskos datus. Sis modulis strada ka tiessaistes GIS
programmatira, kura iespéjams veikt telpiski analitiskas pamatdarbibas, attélot
un eksportét to rezultatus.
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SECINAJUMI

Promocijas darba tika stenoti tris secigi pétjjumi, kuru mérkis bija izstradat
un aprobét jaunu, ekosistému pakalpojumu pieeja balstitu agroekosistému par-
valdibas risinajumu mozaikveida ainava.

1. pétijums. Zemes izmanto$anas izmainu virzitajspéku apzinasana un no-
vértésana mozaikveida ainava.

Promocijas darba ir paradita autologistiskas binaras regresijas modelu
efektivitate ainavu izmainu virzitajspéku novértésana. Pétijumu rezultata ir no-
skaidrots, ka nozimigakie biofizikalie un novietojuma faktori jeb virzitajspéki,
kas nosaka lauksaimnieciba izmantojamas zemes pamesanu mozaikveida ainava
Vidzemé, ir zemes kvalitativa vértiba, attalums lidz lopu novietnei, attalums
lidz celam un meza malai. Pétijums paradija, ka precizaku zemes izmantosanas
scenariju izstradei ABR modelis ir papildinams ar saimniecibas limena social-
ekonomiskiem datiem.

2. pétijjums. Biofizikalas ekosistému pakalpojumu noveértésanas un kartésa-
nas metodes izstrade Vidzemes augstiené un aprobacija Baltijas valstis, to skaita
Latvija.

Promocijas darba laika ir izstradata un aprobéta ekosistému pakalpojumu
noverté$anas un kartéSanas metode lauksaimnieciba izmantojamam zemeém
un tajas veikta ekosistému pakalpojumu mijiedarbibas analize. Pétijjuma no-
skaidrots, ka lidzigos agroekologiskos apstaklos zemes apsaimnieko$anas
intensifikacija palielina apgades pakalpojumu vértibas un samazina reguléjoso
pakalpojumu veértibas, tadéjadi veidojot kompromisa situacijas. Savukart ne-
labveligos agroekologiskos apstaklos, pieméram, nabadzigas augsnés vai stavas
nogazeés, intensifikacijas rezultata samazinas ari apgades pakalpojumi un izvei-
dojas ekosistému pakalpojumu nodro$inajuma “aukstie” punkti. Promocijas
darba prezentéta metode ir izmantota ekosistému pakalpojumu nodro$inajuma
karté$anai lauksaimniecibas zemés Baltijas valstis.

3. pétijums. Ekosistému pakalpojumu un zemes izmanto$anas virzitajspé-
ku integré$ana daudzkritériju léemumu atbalsta agroekosistému planosana un
parvaldiba.

Zemes izmanto$anas mainas virzitajspéki un ekosistému pakalpojumu
novértéjums ir izmantojami daudzkritériju lémuma atbalsta ka svértie kritériji
zemes parvaldibas uzlabo$anai, ja zeme atrodas periférija. Promocijas darba
laika ir izstradata un aprobéta integrétas planosanas shéma lauksaimniecibas
zemes apsaimnieko$anas prioritasu noteik$anai ainavas estétisko un tarisma
vértibu uzturésanas un uzlabo$anas konteksta. Izstradata pieeja ir ieklauta in-
tegrétas planosanas rika Viva Grass Tool.

Promocijas darba rezultati ir izmantojami lauksaimniecibas zemes izman-
toSanas un ekosistému pakalpojumu izmainu prognozu izstradei un istenoto
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lauksaimniecibas politikas ietekmju analizei. Ekosistému pakalpojumu novérté-
jums ir izmantojams ka MAES (Mapping and Assessment of Ecosystem Services)
integrala sastavdala.

Talakai promocijas darba rezultatu attistibai ir nepiecie$ams papildinat
izstradatos modelus ar meza zemju un Gdens objektu datiem, tadéjadi iegus-
tot efektivu instrumentu lémumu atbalstam lauku teritoriju planosanai un
parvaldibai.
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